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Abstract: Background: The genetic plasticity of gram-positive 

bacteria is exemplified by the rapid acquisition and dissemination of 

resistance genes. Mobile genetic elements (MGE), plasmids, and 

transposons, which promote horizontal gene transfer (HGT), help 

spread resistance-related traits quickly. Methodology: This study was 

carried out in the Northern Refinery Company (NRC), one of the 

biggest factories in the country, which is located in the north of Baiji 

city. 200 samples were collected from patients worked in the Northern 

Refineries Company in Baiji town, equal number of samples was 

collected from patients hospitalized in Tikrit teaching hospital as 

control. Swabs taken from upper respiratory tract and sputum samples 

taken from lower respiratory tract, as soon as possible taken to the 

laboratory, were cultured on four plates of culture media recommended 

for primary isolation of pathogens. Antibiotic resistance was also 

estimated using conventional methods. Results: The minimal inhibitory 

concentration (MIC) ranges of antibiotics for the Staphylococcus aureus 

that inhibited were carried out for the groups of both refinery and 

hospital isolates that showed 50% of resistance or more. Most of 

refinery strains coagulase negative staphylococci were inhibited by 

4µg/ml, while most strains of hospital were inhibited by 16µg/ml. The 

majority of Streptococcus pyogenes strains show MICs values ranged 

between 1-32 µg/ml, rarely showed < 1 µg/ml. MIC for tetracycline 

ranged between < 0.125 -64µg/ml among isolates of both refinery and 

hospital. Statistical analysis showed no significant differences in the 

MIC distributions of gentamicin or tetracycline between refinery and 

hospital isolates of Streptococcus pneumoniae. There were no 

statistically significant differences in the MIC distributions between 

refinery and hospital isolates of Micrococcaceae for amikacin, 

gentamicin, or tobramycin (p > 0.05 for all comparisons). Conclusions: 

Statistical analysis revealed that the differences in MIC distributions 

between R and H Staphylococcus aureus isolates were evaluated 

separately for each antimicrobial agent using an exact R × C 

contingency-table test with Monte-Carlo simulation (200,000 

replicates), because of sparse cell frequencies. For coagulase negative 

staphylococci, Table 2 shows that MIC for amoxicillin/ clavulanic acid 

was ranged between 2 -64µg/ml among isolates of refinery and between 

0.5 -64µg/ml among isolates of hospital. Most of refinery strains were 

inhibited by 4µg/ml, while most strains of hospital were inhibited by 

16µg/ml. The results agreed to some extent. The majority of 

Streptococcus pyogenes strains show MICs values ranged between 1-32 

µg/ml, rarely showed < 1 µg/ml. MIC for tetracycline ranged between 

< 0.125 -64µg/ml among isolates of both refinery and hospital. The MIC 

distributions of gentamicin and tetracycline against Streptococcus 

pyogenes were compared between refinery and hospital isolates using 

an exact R × C contingency-table analysis with Monte-Carlo simulation 
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(200,000 replicates). Statistical analysis showed no significant 

differences in the MIC distributions of gentamicin or tetracycline 

between refinery and hospital isolates of Streptococcus pneumoniae. 

There were no statistically significant differences in the MIC 

distributions between refinery and hospital isolates of Micrococcaceae 

for amikacin, gentamicin, or tobramycin (p > 0.05 for all comparisons). 

Although refinery isolates showed numerically higher median MIC 

values than hospital isolates for all three antibiotics, these differences 

did not reach statistical significance. 

Keywords: Gram-Positive Bacteria, Antibiotic Resistance, Oil 

Refinery, Workers. 
Copyright © 2026 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 

4.0 International License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-

commercial use provided the original author and source are credited. 

INTRODUCTION 
The genetic plasticity of gram-positive bacteria 

is exemplified by the rapid acquisition and dissemination 

of resistance genes. Mobile genetic elements (MGE), 

plasmids, and transposons, which promote horizontal 

gene transfer (HGT), help spread resistance-related traits 

quickly [1]. This is made more difficult by the joint 

localization of resistant gene loci on mobile genetic 

components, which results in a reservoir of flexible 

resistance potential [2, 3]. It was obvious from the study 

carried out by Boboye, et al., [4], that when the 

environment was contaminated with petroleum, the 

proportion of hydrocarbon-degrading microorganisms 

increased rapidly (Okerentugba and Ezeronye [5-8]. In 

particular, the proportion of bacterial populations with 

plasmids containing genes for utilization are increased 

[9]. Some of these organisms are true pathogens include; 

Enterobacter aerogenes, Aerococcus viridans, 

Staphylococcus aureus, Micrococcus luteus, and 

Bacillus spp. Resistance is defined as bacteria that are 

not inhibited by usually achievable systemic 

concentration of an agent with normal dosage schedule 

and/ or fall in the minimum inhibitory concentration 

ranges. Likewise the multiple drug resistance is defined 

as the resistance to two or more drugs or drug classes 

[10-13]. Acquisition of resistance to one antibiotic 

conferring resistance to another antibiotic, to which the 

organism has not been exposed, is called cross resistance 

[14-17]. Resistance to antimicrobial drugs by gram-

positive bacteria is a complex phenomenon that is 

influenced by a number of different factors. These 

elements work together to amplify and spread resistance 

genes, making it more difficult to treat infections brought 

on by Staphylococcus aureus, Enterococcus species, and 

Streptococcus pneumoniae [18]. It is essential to have a 

thorough grasp of these contributing components to 

develop successful mitigation methods for the resistance 

propagation. Although the common causative pathogens 

for community-acquired bacterial RTIs are few, 

selection of antibiotic therapy is becoming more 

complicated by the increasing rate of bacterial resistance 

to many of the antibiotics commonly used to treat these 

RTIs. Antimicrobial agents are often categorized 

according to their principal mechanism of action [19-22]. 

Antibiotic resistance occurs when bacteria change in 

some way that reduces or eliminates the effectiveness of 

drugs, chemicals or other agents designed to cure or 

prevent the infection. Thus the bacteria survive and 

continue to multiply causing more harm. Widespread use 

of antibiotics promotes the spread of antibiotic resistance 

by induction. Healthcare-associated infections continue 

to be a predominant source of resistant gram-positive 

bacteria. Recent genomic studies have elucidated the 

complex dynamics of nosocomial transmission, 

revealing the part mobile genetic elements play in 

enabling the transfer of resistance genes between 

bacterial strains. Enhanced genomic surveillance has 

allowed for the tracing of transmission routes and 

identification of high-risk reservoirs within healthcare 

facilities [23]. Antibiotics are given to human for 

treatment and prophylaxis of infectious diseases, 80% to 

90% of antibiotics are used in outpatients and the 

remainder in hospitals. Antibiotics appear to be used not 

only in excess but also inappropriately and this accounts 

for 20% to 50 % of all antibiotics used [24-28]. 

Resistance has been documented for all organisms 

associated with community-acquired RTIs. Current 

estimates indicate that 25% to more than 50% of S. 

pneumoniae strains are not completely susceptible to 

penicillin and that nearly one third of strains may be 

resistant to macrolides [29-32]. Penicillin-resistant S. 

pneumoniae also may have reduced susceptibility to 

other antibiotics, including tetracycline, erythromycin, 

azithromycin, cephalosporins, clindamycin, 

trimethoprim/sulfamethoxazole (TMP/ SMX), and 

chloramphenicol [33-36]. Streptococcus pneumoniae 

have developed resistance to fluoroquinolones as well. 

This is of particular concern to the Centers for Disease 

Control and Prevention (CDC), having influenced its 

recommendations regarding empiric treatment of 

pneumonia [37-40]. Macrolides have been mainstays in 

empiric therapy of Community Acquired Pneumonia 

because of their activity against both typical and atypical 

respiratory pathogens; however, their effectiveness has 

been compromised by a rapid rise in resistance by S. 

pneumoniae. An evaluation of S. pneumoniae isolates 

collected between 2000 and 2001 showed that resistance 

rates to erythromycin, clarithromycin, and azithromycin 

had increased to 31.0%, 30.7%, and 31.0%, respectively 

[41-44]. Further results from recent surveillance study 
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revealed that examined macrolide resistance among 

patients with community-acquired RTIs being treated by 

primary care physicians indicated that 23% to 33% of S. 

pneumoniae isolates were resistant to macrolides [45-

48]. Resistance also is becoming prevalent among other 

pathogens associated with community-acquired RTIs, 

including H. influenzae and M. catarrhalis [49-52]. This 

may complicate management of patients with 

community-acquired RTIs; infection with a treatment-

resistant pathogen can increase risk for morbidity and 

mortality if treatment fails to eradicate the bacteria [53-

56]. However, the clinical impact of resistance remains 

controversial. Resistance may be overcome with the use 

of an antibiotic with pharmacokinetic properties or a 

dosing regimen that achieves very high drug 

concentrations at sites of infection. Host defense 

mechanisms also may contribute to eradication of 

organisms with in vitro resistance to an antibiotic [57-

61]. Further, since many infections are caused by viruses 

with high-resolution rates and since some bacterial 

infections resolve due to host response, the in vivo 

efficacy of an antibiotic may be much higher than its in 

vitro sensitivity [62].The present study is an attempt to 

assess the difference between incidence of antibiotic 

resistance detected among patients of oil refinery 

compared to community individuals complaining of 

respiratory infections in hospital. Within this context, 

this review aims to examine the rising incidence of 

antimicrobial resistance in bacterial isolates with gram-

positive genes, with a particular focus on well-known 

pathogens including Staphylococcus aureus, 

Enterococcus species, and Streptococcus pneumoniae. 

Understanding the mechanics of how antibiotic 

resistance is changing and developing is crucial for 

developing measures to stop its spread, hence this topic 

must be thoroughly explored. 

 

MATERIALS AND METHODS 
Description of the Refinery 

This study was carried out in the Northern 

Refinery Company (NRC), one of the biggest factories 

in the country, which is located in the north of Baiji city. 

This factory was established in 1980, and considered as 

one of the major oil companies in middle-east which 

depends on for bridging the needs of local consumption 

of petroleum products and export the surplus outside. 

The number of workers at this refinery is about 8000 

workers, distributed on six main sections, these sections 

are divided into major sub-sections, and the section of 

production is one of those where the workers exposed to 

the direct and indirect risks of pollution. 

 

Patients 

From October 2008 to September 2009, 

samples were collected from patients with upper and 

lower respiratory tract infections, 200 samples were 

collected from patients worked in the Northern 

Refineries Company in Baiji town, equal number of 

samples was collected from patients hospitalized in 

Tikrit teaching hospital as control samples for 

comparison. 

 

Samples 

Swabs from upper respiratory tract infections: 

(Tonsillitis, laryngitis, sore throat and Pharyngitis) were 

transported to the laboratory using transport medium 

swabs and sputa from lower respiratory tract infections: 

(Bronchitis and Pneumonia) were transported using 

Cary-Bliar transport medium in screw capped vials [62]. 

Samples were taken according to the diagnosis of 

specialist physicians after washing the mouth three times 

to eliminate much amounts of mouth normal flora [63, 

64]. 

 

Isolation of Bacteria 

Swabs taken from upper respiratory tract and 

sputum samples taken from lower respiratory tract, as 

soon as possible taken to the laboratory, were cultured 

on four plates of culture media recommended for 

primary isolation of pathogens. These media included 

two plates of blood agar, Chocolate agar and MacConkey 

agar. One plate of Blood agar and Chocolate agar were 

incubated in a candle jar to enhance growth, while the 

other two plates were incubated aerobically. All the four 

plates were incubated at 37 º C for 18-24 hours. Culture 

negative plates were re-incubated for 48 hours with daily 

checking before discarding. Small isolated colonies 

grown on blood and chocolate media were purified and 

cultivated by streaking on plain blood agar plates with 

regard of gas requirement, whereas large colonies were 

purified by the same method on available ordinary media 

such as nutrient or brain heart infusion agar to be further 

investigated [65, 66]. 

 

Preservation of Purified Isolates 

Directly, after purification, overnight culture 

broth at 37 º C for 18-24 hours was prepared for each 

stock cultures from purified isolates were made by 

cultivating bacteria in brain heart infusion broth and 

adding glycerol to obtain 20% as final concentration, 

then stored at - 20 º C [67, 68]. 

 

Identification Methods 

All the identification tests were done according 

to the conventional methods described by Cruickshank 

[69], Collee [70], Al-Jebouri and Al-Bayati [68, 69]. 

 

Antibiotic Susceptibility Testing 

A loopful growth from isolates of each bacteria 

were inoculated into nutrient broth and incubated at 37°C 

for 18 hours. The bacterial suspensions were diluted with 

ringer solution. The proportion of dilution was 1:1000 

[34]. Diluted bacterial suspension were poured onto the 

surface of the Muller-Hinton agar plates. The excess of 

bacterial suspensions were discarded using Pasteur 

pipette and plates were left for one hour at room 

temperature to dry. The antibiotic discs which are shown 

in Table 1 were selectively applied by using sterile 

forceps which was flamed after being cleansed with 
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alcohol. The plates were incubated at 37 0C for over-

night. The size of zones of inhibition were measured 

from edge of disc to the edge of inhibition of growth and 

the result was compared with standard diameter of 

inhibition zones for each antibiotic utilizing the method 

of Bauer et al., [35-72].  

 

Statistical Analyses 

All statistical analyses were performed using 

IBM SPSS Statistics for Windows, Version 26.0 (IBM 

Corp., Armonk, NY, USA). Descriptive statistics such as 

means, standard deviations, and frequency distributions 

were computed to summarize the data. A paired sample 

t test correlation coefficient (R) and coefficient of 

determination (R2) were calculated [73-76]. 

 

 

 

 

RESULTS 
Staphylococcus Aureus 

The minimal inhibitory concentration (MIC) 

ranges of antibiotics for the bacterial groups that 

inhibited were carried out for the groups of both refinery 

and hospital isolates that showed 50% of resistance or 

more (Table 1, Figure 1). Statistical analysis revealed 

that the differences in MIC distributions between R and 

H Staphylococcus aureus isolates were evaluated 

separately for each antimicrobial agent using an exact R 

× C contingency-table test with Monte-Carlo simulation 

(200,000 replicates), because of sparse cell frequencies. 

Effect size was estimated using Cramer's V. Significant 

differences in MIC distribution were observed for 

gentamicin (CN; χ² = 21.10, Monte-Carlo p < 0.001, 

Cramer's V = 0.631) and tobramycin (TOB; χ² = 13.36, 

p = 0.026, V = 0.502). No significant differences were 

detected for amoxicillin/clavulanic acid (AMC; p = 

0.081) or chloramphenicol (C; p = 0.423). 
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Figure 1: Distribution of minimum inhibitory concentrations (MICs) of amoxicillin/clavulanic acid, 

chloramphenicol, gentamicin, and tobramycin against Staphylococcus aureus isolates from R and H locations. 

 

Coagulase-Negative Staphylococci 

For coagulase negative staphylococci, Table 2 

shows that MIC for amoxicillin/ clavulanic acid was 

ranged between 2 -64µg/ml among isolates of refinery 

and between 0.5 -64µg/ml among isolates of hospital. 

Most of refinery strains were inhibited by 4µg/ml, while 

most strains of hospital were inhibited by 16µg/ml. The 

distributions of minimum inhibitory concentrations 

(MICs) were compared between refinery and hospital 

isolates of coagulase-negative staphylococci using an 

exact R × C contingency-table analysis with Monte-

Carlo simulation (200,000 replicates) because of sparse 

cell frequencies. A significant difference between 

locations was observed for tobramycin (χ² = 20.07, p = 

0.003, Cramer's V = 0.675), indicating a strong 

association between isolate source and tobramycin MIC 

distribution (Figure 2). No significant differences were 

detected for amoxicillin/clavulanic acid (AMC; p = 

0.565) or gentamicin (CN; p = 0.064). 
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Figure 2: Distribution of minimum inhibitory concentrations (MICs) of amoxicillin/clavulanic acid, gentamicin, 

and tobramycin against coagulase-negative staphylococci isolated from refinery and hospital cases. 

 

Streptococci 

Table 3 shows that MIC for gentamicin used for 

Streptococcus pyogenes ranged between 0.5 -16µg/ml 

among isolates of refinery and between 2 -16µg/ml 

among isolates of hospital but the most of strains were 

inhibited at 8µg/ml. The results agreed to some extent. 

The majority of Streptococcus pyogenes strains show 

MICs values ranged between 1-32 µg/ml, rarely showed 

< 1 µg/ml. MIC for tetracycline ranged between < 0.125 

-64µg/ml among isolates of both refinery and hospital. 

The MIC distributions of gentamicin and tetracycline 

against Streptococcus pyogenes were compared between 

refinery and hospital isolates using an exact R × C 

contingency-table analysis with Monte-Carlo simulation 

(200,000 replicates). No statistically significant 

differences were observed between refinery and hospital 

isolates for gentamicin (χ² = 6.67, p = 0.135, Cramer's V 

= 0.242) or tetracycline (χ² = 11.98, p = 0.095, Cramer's 

V = 0.324). These findings indicate broadly comparable 

MIC distributions between the two sources(Figure 3). 

Statistical analysis showed no significant differences in 

the MIC distributions of gentamicin or tetracycline 

between refinery and hospital isolates of Streptococcus 

pneumoniae. For gentamicin, the difference between the 

two groups was not statistically significant (Mann–

Whitney U = 159.5, p = 0.301). Similarly, tetracycline 

MIC values did not differ significantly between refinery 

and hospital isolates (Mann–Whitney U = 114.0, p = 

0.508). Although refinery isolates tended to show higher 

gentamicin MIC values and tetracycline MICs displayed 

a wider distribution between the two groups, these 

variations did not reach statistical significance (p > 

0.05)(Table 4,Figure 4). 
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Figure 3: Distribution of minimum inhibitory concentrations (MICs) of gentamicin and tetracycline against 

Streptococcus pyogenes isolates from refinery and hospital cases. 

 

 
 

 
Figure 4: Distribution of Minimal Inhibitory Concentrations of Gentamicin and Tetracycline against 

Streptococcus pneumoniae Isolates from Refinery and Hospital Cases. 
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Micrococci 

Table 5 shows that for Micrococcaceae isolated 

from refinery (represented for Stomatococcus 

mucilagenosus and Micrococcus leuteus), MICs of 

amikacin and gentamicin ranged between < 0.125-

16µg/ml and MICs of tobramycin ranged between 1-

8µg/ml, while MICs values for strains isolated from 

hospital (represented for Micrococcus leuteus and 

Micrococcus nishinomiyaensis) were 0.5µg/ml, < 

0.125µg/ml and 2µg/ml of amikacin, gentamicin and 

tobramycin, respectively. There were no statistically 

significant differences in the MIC distributions between 

refinery and hospital isolates of Micrococcaceae for 

amikacin, gentamicin, or tobramycin (p > 0.05 for all 

comparisons). Although refinery isolates showed 

numerically higher median MIC values than hospital 

isolates for all three antibiotics, these differences did not 

reach statistical significance. This result should be 

interpreted cautiously because the number of hospital 

isolates was very small (n = 2)(Figure 5). 

 

Table 5: Minimal Inhibitory Concentration (MIC) of antibiotics for Micrococcaceae 

CONC. 

µg/ml 

AK CN TOB 

R 

No. (%) 

H 

No. (%) 

R 

No. (%) 

H 

No. (%) 

R 

No. (%) 

H 

No. (%) 

<0.125 2 (22.2)  3 (33.3) 2 (100)   

0.5 2 (22.2) 2 (100)     

1   1 (11.1)  1 (11.1)  

2   1 (11.1)  1 (11.1) 2 (100) 

8 2 (22.2)    7 (77.7)  

16 3 (33.3)  4 (44.4)    

TOTAL 9 (100) 2 (100) 9 (100) 2 (100) 9 (100) 2 (100) 

AK, amikacin; CN, gentamicin; TOB, tobramycin. R, refinery cases; H, hospital cases. 

 

 
Figure 5: Distribution of Minimal Inhibitory Concentrations of Amikacin, Gentamicin, and Tobramycin against 

Micrococcaceae Isolates from Refinery and Hospital Cases 

 

DISCUSSION 
The present study revealed that the MIC for 

amoxicillin/ clavulanic acid, chloramphenicol, 

gentamicin and tobramycin was determined in all of the 

17 and the 36 strains of Staphylococcus aureus isolated 

from both refinery and hospital, respectively. It was 

found that MICs of amoxicillin/clavulanic acid ranged 

between 0.25 and 32 µg/ml and <0.125-8 µg/ml and the 

largest number of isolates was inhibited by 8µg/ml and 

0.5µg/ml for refinery and hospital isolates, respectively. 

This finding approximately disagreed with other results 

[77], who found that concentrations of 0.01 to 0.08 µg 

/ml inactivates 50% of ß-lactamases released by S. 

aureus and and agreed with the study was carried out by 

other workers [78], who found that 50% of S. aureus was 

inhibited by > 64 µg /ml. MICs for chloramphenicol 

ranged between 0.25-128µg/ml for strains of refinery 

and between 0.25-256µg/ml for strains of hospital, the 

most strains were inhibited by 64µg/ml. Other workers 

[79], found thirteen chloramphenicol resistant S. aureus 

with MICs ranged between 16- 256µg/ml. MIC for 
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gentamicin ranged between <0.125- 32µg/ml and 0.5- 

32µg/ml for both, largest number inhibited by 0.25µg/m 

and 0.5µg/ml for both refinery and hospital isolates, 

respectively. It was found somewhere else [78], that 50% 

of S. aureus was inhibited by > 16µg/ml, while other 

[80], found that typical S. aureus MIC of gentamicin is 4 

µg/ml. but strains of S. aureus that express multiple 

resistance mechanisms recorded MIC > 64µg/ml of 

gentamicin. MIC for tobramycin ranged between 0.5 -

16µg/ml, <0.125 -16µg/ml for both refinery and hospital 

isolates, respectively. Furthermore, resistance to 

antimicrobial drugs by gram-positive bacteria is a 

complex phenomenon that is influenced by a number of 

different factors. These elements work together to 

amplify and spread resistance genes, making it more 

difficult to treat infections brought on by Staphylococcus 

aureus, Enterococcus species, and Streptococcus 

pneumoniae [81]. However, it is essential to have a 

thorough grasp of these contributing components to 

develop successful mitigation methods for the resistance 

propagation. The clinical importance of the adaptive and 

versatile gram-positive bacteria Staphylococcus aureus 

has long been acknowledged. But the advent of 

methicillin-resistant Staphylococcus aureus (MRSA) has 

thrust this disease to the forefront of worries about 

antibiotic resistance. The implications of MRSA extend 

beyond its intrinsic β-lactam antimicrobial resistance, as 

it underscores the broader challenge of antibiotic 

resistance within the gram-positive bacterial landscape 

[82]. The expansion of MRSA's antibiotic resistance 

repertoire is facilitated by the remarkable adaptability 

conferred by horizontal gene transfer (HGT) and mobile 

genetic elements (MGEs). Genetic elements like 

plasmids, transposons, and integrons enable the transfer 

of resistance genes between bacterial species, 

contributing to the spread of antimicrobial resistance 

[83]. HGT and MGEs have enabled MRSA to acquire 

resistance determinants against a range of antibiotics, 

amplifying the clinical impact of this pathogen. 

Furthermore, The identification of Diaphorobacter sp. in 

our study is consistent with reports by others [84], who 

found that Diaphorobacter sp. strain MNS-0 could 

impressively degrade ampicillin and chloramphenicol 

[85]. This parallels our results where our 

Diaphorobacter isolates showed multidrug resistance. It 

is well known that heavy metal and antibiotic resistance 

genes often co-localize on plasmids, facilitating 

horizontal gene transfer and activating survival pathways 

in multi-pollutant environments. This co-resistance 

provides dual adaptive advantages that sustain bacterial 

viability in contaminated sites. Consequently, these 

plasmids drive efficient bioremediation through the 

simultaneous detoxification and catabolism of organic 

hydrocarbons and inorganic co-contaminants [86, 87]. 

phenanthrene while maintaining resistance to a wide 

spectrum of antibiotics, including most strains of 

refinery were inhibited by 0.5µg/ml and 2µg/ml, while 

most strains of hospital were inhibited by 0.5µg/ml. The 

statistical analyses using T- test showed there were no 

significance differences in the responses to different 

concentrations between both groups of Staphylococcus 

aureus. It was obvious from the study carried out 

elsewhere [4] that when the environment was 

contaminated with petroleum, the proportion of 

hydrocarbon-degrading microorganisms increased 

rapidly. In particular, the proportion of bacterial 

populations with plasmids containing genes for 

utilization are increased [88]. The bacterium with the 

highest degrading activities on kerosene was S. aureus 

that able to exist in the oil spilled environment. The 

genes pool of accessory genome of Staph. aureus is 

mainly composed of mobile genetic elements such as 

plasmids, transposons, phages and pathogenicity islands. 

For coagulase negative staphylococci, the present study 

shows that MIC for amoxicillin/ clavulanic acid was 

ranged between 2 -64µg/ml among isolates of refinery 

and between 0.5 -64µg/ml among isolates of hospital. 

Most of refinery strains were inhibited by 4µg/ml, while 

most strains of hospital were inhibited by 16µg/ml. 

Others [89] found that penicillin resistant coagulase 

negative Staphylococci were with MICs ranged between 

0.12 - >16 µg/ml, while penicillin sensitive coagulase 

negative Staphylococci were with MICs ranged between 

0.06-0.25µg/ml. MIC for gentamicin ranged between 

<0.125 -512 µg/ml among isolates of refinery and 

between <0.125-64 µg/ml among isolates of hospital but 

the most strains of both were inhibited at 64µg/ml and 

0.25 µg/ml, respectively. Recently, it was found that 

coagulase negative staphylococci showing increased 

multidrug resistance have a MIC of gentamicin ranged 

between 0.5-64µg/ml, 50% and 90% of them having 

MIC values of 32µg/ml and 64µg/ml, respectively [90]. 

MIC for tobramycin ranged between <0.125 -128 µg/ml 

among isolates of refinery and between <0.125 -

512µg/ml among isolates of hospital. Most strains of 

refinery were inhibited at 128µg/ml while most of 

coagulase negative staphylococci isolated from hospital 

were inhibited at 64µg/ml. According to the EUCAST, 

(2009) MICs of tobramycin for pathogenic coagulase 

negative staphylococci range between 0.032 – 256µg/ml, 

most strains are inhibited by 0.25µg/ml. The present 

study shows that MIC for gentamicin used for 

Streptococcus pyogenes ranged between 0.5 -16µg/ml 

among isolates of refinery and between 2 -16µg/ml 

among isolates of hospital but the most of strains were 

inhibited at 8µg/ml when compared to other workers [91] 

the results agreed to some extent. The majority of 

Streptococcus pyogenes strains show MICs values 

ranged between 1-32 µg/ml, rarely showed < 1 µg/ml. 

MIC for tetracycline ranged between < 0.125 -64µg/ml 

among isolates of both refinery and hospital. The most 

effect MIC is < 0.125µg/ml. especially with respect to 

refinery strains, this was largely agreed with what found 

elsewhere [92], that found 39% of strains were with 

MICs ranged between 0.12 – 0.5 µg/ml and 59% of them 

had MICs ranged between 16- 64 µg/ml with 2 (out of 

130) isolates showed MICs equal to 128 µg/ml and 256 

µg/ml. The statistical analyses showed there were no 

significance differences. About MIC for Streptococcus 

pneumoniae, table 19, for gentamicin the MIC for strains 



 

 

 

 

Al-Jebouri, M. M., & Al-Doori, A. N.; Middle East Res J. Microbiol Biotechnol., Sep-Oct, 2026; 6(4): 286-300 

© 2026 Middle East Research Journal of Microbiology and Biotechnology | Published by Kuwait Scholars Publisher, Kuwait  295 
 

 

 

of both refinery and hospital ranged between < 0.125 -

64µg/ml, the high effect was at 64µg/ml for refinery and 

32µg/ml for hospital strains. This approximately agreed 

with what was found by others [91]. A Gram-positive 

bacterium called Streptococcus pneumoniae causes 

various infections, from minor respiratory disorders to 

fatal invasive diseases. The prevalence of pneumococcal 

infections has dramatically decreased due to 

vaccinations that target specific serotypes; the relentless 

evolution of antibiotic resistance threatens to undermine 

these gains. Recent findings shed light on the escalating 

prevalence of multidrug-resistant Streptococcus 

pneumoniae (MDRSP) strains, marking a critical 

juncture in the fight against bacterial infections [93, 94]. 

The escalation of antibiotic resistance in Streptococcus 

pneumoniae has amplified therapeutic challenges. The 

limited arsenal of effective antibiotics, coupled with the 

increasing prevalence of MDRSP strains, underscores 

the urgency of innovative approaches. Advances in 

genome editing technologies, the repurposing of existing 

drugs, and the creation of innovative treatments that 

tackle the causes of resistance offer glimpses of hope in 

the fight against pneumococcal infections [95]. MIC for 

tetracycline ranged between < 0.125 -32µg/ml among 

isolates of refinery with high effect at 32µg/ml, while 

ranged between < 0.125 -128µg/ml and most influential 

MIC was < 0.125 µg/ml among isolates of hospital. This 

result was widely varied when compared to the result of 

others [96] who found that clinical isolates of 

Streptococcus pneumoniae, in Italy collected between 

1999 and 2002 were resistant to tetracycline with MICs 

≥8 µg/ml, it may be due the consequent increase in using 

of tetracycline since that time led to the development of 

resistance mechanisms in Streptococcus pneumoniae. 

With respect to the tetracycline, the statistical analyses 

showed there was a significant difference (p < 0.05) 

between both refinery and hospital strains. Table 24 

shows that for Micrococcaceae isolated from refinery 

(represented for Stomatococcus mucilagenosus and 

Micrococcus leuteus), MICs of amikacin and gentamicin 

ranged between < 0.125-16µg/ml and MICs of 

tobramycin ranged between 1-8µg/ml, while MICs 

values for strains isolated from hospital (represented for 

Micrococcus leuteus and Micrococcus 

nishinomiyaensis) were 0.5µg/ml, < 0.125µg/ml and 

2µg/ml of amikacin, gentamicin and tobramycin, 

respectively. 

 

However, the small size of hospital strains 

samples almost eliminated the statistical difference. 

These findings were compared with the results of other 

investigators [97], who found that MIC of amikacin and 

gentamicin that inhibited 90% of the strains of 

Stomatococcus mucilagenosus ranged between < 

0.0.031->16 µg/ml for each one, respectively, while MIC 

of both that inhibited 90% of the strains of Micrococcus 

spp. ranged between 0.5>16µg/ml and 0.125-2µg/ml, 

respectively. In general, studies involving the resistance 

of Stomatococcus mucilagenosus to tobramycin are 

scarce, but other workers [98], found that typical MIC of 

tobramycin for Micrococcus spp. is equal to 20µg/ml. A 

stark reality in combating antibiotic resistance is the 

scarcity of new antibiotic agents entering the market. 

While research has identified potential drug candidates, 

challenges in drug discovery, development, and 

regulatory approvals have hindered progress. Recent 

advances in exploring non-traditional antimicrobial 

approaches, such as the repurposing of existing drugs 

and the discovery of novel compounds from natural 

sources, offer hope for revitalizing the antibiotic pipeline 

[99]. The petroleum product is a harmful compound that 

alters the diversity of the soil and aquatic microbial 

community, leading to bacteria that become “persisters” 

or “resisters.” When bacterial cells are exposed to 

petroleum pollutants, two possible scenarios can occur: 

First, there may be bacteria that develop resistance to the 

antimicrobial agent, while the non-resistant bacteria can 

be killed, leaving only the resistant cells. As the resistant 

bacteria grow back, all bacteria in the culture become 

resistant. The other possibility is that “persistent” 

bacteria (dormant, not resistant) may be present. The 

non-persistent bacteria are killed, leaving only the 

persistent bacteria. When the persistent cells grow back, 

the cells that are not in a quiescent state are still 

susceptible to the antimicrobial attack. This results in a 

less diverse microbial community dominated by a few 

resistant and persistent bacteria [100-104]. Molecular 

identifications have revealed that genera such as 

Acinetobacter, Alcaligenes, Arthrobacter, Bacillus, 

Corynebacterium, Micrococcus, Pseudomonas, 

Methylobacterium, and Rhodococcus are among the 

most common hydrocarbon degraders. Many of these 

bacteria also exhibit resistance to heavy metals and 

antibiotics, alongside biosurfactant producing properties 

[105-108]. Furthermore, PAH contamination in 

industrial areas is often coupled with the presence of 

heavy metals. Heavy metal contamination can negatively 

affect the bioremediation of hydrocarbons due to the 

synergistic cytotoxic effects of these dual contaminants. 

Therefore, searching for bacterial strains that can 

degrade PAHs while exhibiting high resistance to heavy 

metals in the soil has become a critical research priority 

[109-113]. Additionally, the biological degradation 

capacity of microorganisms is often restricted by the 

hydrophobic nature of petroleum. While chemical 

surfactants have been developed to enhance degradation, 

microbial-derived biosurfactants are more effective for 

decontaminating oil spills due to their superior 

biodegradability [114-117]. 

 

CONCLUSIONS 
Statistical analysis revealed that the differences 

in MIC distributions between R and H Staphylococcus 

aureus isolates were evaluated separately for each 

antimicrobial agent using an exact R × C contingency-

table test with Monte-Carlo simulation (200,000 

replicates), because of sparse cell frequencies. For 

coagulase negative staphylococci, Table 2 shows that 

MIC for amoxicillin/ clavulanic acid was ranged 
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between 2 -64µg/ml among isolates of refinery and 

between 0.5 -64µg/ml among isolates of hospital. Most 

of refinery strains were inhibited by 4µg/ml, while most 

strains of hospital were inhibited by 16µg/ml. The results 

agreed to some extent. The majority of Streptococcus 

pyogenes strains show MICs values ranged between 1-

32 µg/ml, rarely showed < 1 µg/ml. MIC for tetracycline 

ranged between < 0.125 -64µg/ml among isolates of both 

refinery and hospital. The MIC distributions of 

gentamicin and tetracycline against Streptococcus 

pyogenes were compared between refinery and hospital 

isolates using an exact R × C contingency-table analysis 

with Monte-Carlo simulation (200,000 replicates). 

Statistical analysis showed no significant differences in 

the MIC distributions of gentamicin or tetracycline 

between refinery and hospital isolates of Streptococcus 

pneumoniae. There were no statistically significant 

differences in the MIC distributions between refinery 

and hospital isolates of Micrococcaceae for amikacin, 

gentamicin, or tobramycin (p > 0.05 for all 

comparisons). Although refinery isolates showed 

numerically higher median MIC values than hospital 

isolates for all three antibiotics, these differences did not 

reach statistical significance. 

 

Acknowledgements: The authors extend their 

appreciation to the Department of Scientific Research at 

University of Tikrit for funding this work. 

 

Statement of Ethics: All the procedures involving 

human participation were conducted in strict accordance 

with ethical standards of Institutional Research 

Committee, Department of Scientific Research, Tikrit 

University as well as the 1964 Helsinki Declaration and 

its subsequent amendments or equivalent ethical norms. 

 

Data Availability Statement: The data that support the 

findings of this study are available from the 

corresponding author upon reasonable request. 

 

Conflict of Interest Statement: The author declares that 

he has no conflicts of interest, financial or otherwise. 

 

Funding Sources: The author extends his appreciation 

to the Department of Scientific Research of University 

of Tikrit. 

 

Financial Disclosure: The authors declared that this 

study did not receive any financial support. 

 

REFERENCES 
1. Partridge SR, Kwong SM, Firth N, Jensen SO. Mobile 

genetic elements associated with antimicrobial 

resistance. Clinical microbiology Reviews. 

2018;31(4):10-128. 

2. da Silva GC, Gonçalves OS, Rosa JN, França KC, 

Bossé JT, Santana MF, Langford PR, Bazzolli DM. 

Mobile genetic elements drive antimicrobial resistance 

gene spread in pasteurellaceae species. Frontiers in 

Microbiology. 2022;6;12:773284. 

3. Omiyale OC, Okunbi FO. Oparah CD, Eluwa VN, 

Awolade RM, Ikuni PI, et a.Emerging Antibiotic 

Resistance in Gram-Positive Bacteria, with Focus on 

Staphylococcus Aureus, Enterococcus Spp., and 

Streptococcus Pneumoniae. International Journal of 

Advanced Biology and Biomedical Research. 

2024;12(3):218-236. doi: 

10.48309/ijabbr.2024.2017880.1476 

4. Boboye B, Olukunle OF, Adetuyi FC. Degradative 

activity of bacteria isolated from hydrocarbon-polluted 

site in Ilaje, Ondo State, Nigeria. African Journal of 

Microbiological Research.2010; 4(23): 2484-2491. 

5. Okerentugba, P.O. and Ezeronye, O.U. (2003). 

Petroleum degrading potentials of single and mixed 

microbial cultures isolated from rivers and refinery 

effluent in Nigeria. African Journal of 

Biotechnology.2003; 2(9): 288-292. 

6. Al-Jebouri MM, Trollope DR. indicator bacteria in 

freshwater and marine molluscs. Hydrobiologia. 

1984;111(2):93-102 

7. Al-Jebouri MM. Impact of sublethal disinfectant 

exposure on antibiotic resistance patterns of 

Pseudomonas aeruginosa. Medical Principles and 

Practice. 2024;13:1-9. https://doi: 10.1159/000542322  

8. Al-Jebouri MM, Mahmood BYR. Estimation of 

cytokines involved in acute-phase wound infection 

with reference to residence time of patients in 

hospitals. Modern Research of Inflammation. 

2019;8(1):1-10. DOI: 10.4236/mri.2019.81001 

9. Atlas, R.M. Bioremediation of Petroleum pollutants. 

Int Biodeterioration and Biodegradation.1995; 35: 317 

– 327. 

10. Roger FG, Greenwood D, Norbby SR, Whitley RJ. 

Antibiotic and Chemotherapy, The problem of 

resistance, 8th ed. Churchill Livingstone 25-47,2003. 

11. Al-Jebouri MM, Atalah N. A study on the 

interrelationship between renal caculi, hormonal 

abnormalities and urinary tract infections in Iraqi 

patients. Open Journal of Urology. 2012;2:6-10. 

12. Al-Jebouri MM. Modellings of infectious diseases and 

cancers and pollution impacts in Iraq with reference to 

a novel mathematical model and literature review. 

Open Journal of Pathology.2023; 13(3):126-139. 

13. Al-Jebouri MM. A regional study on the infertility of 

Iraqi males under war impact from 1980 to 2013. 

World Journal of Pharmaceutical Research. 2015; 4(5): 

497-503. 

14. Tripathi KD. Essentials of Medical Pharmacology, 

Antimicrobial Drugs: General Consideration, 5th ed. 

Jaypee brother’s Medical publishers (P) Ltd 627-

640,2003. 

15. Al-Jebouri MM. The effect of sublethal concentrations 

of disinfectants on antibiotic resistance pattern of 

Pseudomonas aeruginosa. Journal of Hospital 

Infection.1989; 14:14-19.  

16. Al-Jebouri MM, Al-Janabi M, Ismail H. The 

prevalence of toxoplasmosis among female patients in 

Al-Hawija and Al-Baiji districts in Iraq. Open Journal 

of Epidemiology.2013;3(2):1-4. 

17. Al-Jebouri MM, Edham MH. An assessment of 

biological pollution in certain sector of lower Al-Zab 

and River Tigris waters using bacterial indicators and 

related factors in Iraq. Journal of Water Resource and 



 

 

 

 

Al-Jebouri, M. M., & Al-Doori, A. N.; Middle East Res J. Microbiol Biotechnol., Sep-Oct, 2026; 6(4): 286-300 

© 2026 Middle East Research Journal of Microbiology and Biotechnology | Published by Kuwait Scholars Publisher, Kuwait  297 
 

 

 

Protection.2012; 4:32-38. 

DOI:10.4236/jwarp.2012.41005  

18. McCarthy N. Deaths from drug-resistant infections set 

to skyrocket. 2015. 

19. Tenover F C.Mechanisms of antimicrobial resistance 

in bacteria. American Journal of Medicine.2006; 119: 

S3–S10. 

20. Al-Jebouri MM, Trollope DR. The Escherichia coli 

content of Mytilus edulis from analysis of whole tissue 

or digestive tract. Journal of Applied 

Bacteriology.1991;51(1):135-142.  

21. Al-Jebouri MM, Al-Obaidy HS. Providine-iodine as a 

new lethal photosensitizer for killing of disinfectant-

resistant Staphylococcus aureus of wounds by light 

from a helium/neon laser. Proceedings of First 

Scientific Conference / college of Science 1997; 1,239-

250. 

22. Al-Jebouri MM, Al-Meshhadani NS. A note on 

antibiotic-resistant Escherichia coli in adult man, raw 

sewage and sewage-polluted River Tigris, Nineva. 

Journal of Applied Bacteriology.1985;59:513-518. 

23. Leão C, Clemente L, Cara d’Anjo M, Albuquerque T, 

Amaro A. Emergence of Cfr-Mediated Linezolid 

Resistance among Livestock-Associated Methicillin-

Resistant Staphylococcus aureus (LA-MRSA) from 

Healthy Pigs in Portugal. Antibiotics. 

2022;11(10):1439. 

24. Wise R, Hart T, Cars O. Antimicrobial resistance is a 

major threat to public health. British Medical 

Jedical.1998; 317: 609-610. 

25. Al-Jebouri MM, Kaki MM. Mathematical 

Considerations for the Infectious Infertility of Male in 

Iraq. World Journal of Public Health. 2025; 10(4): 449-

458. https://doi.org/10.11648/j.wjph.20251004.12 

26. Al-Jebouri MM . Clinical Immunology and Allergy. 

1st 2dn. Peramerd Publishing Company, Sulaymania, 

Iraq, 2024,514 p., ISBN:978-9922-9227-7-5,( in 

Arabic ). 

27. Al-Jebouri MM, Jasim HH. The relationship between 

periodontal disease and predisposing factors. Tikrit 

Journal of Dental Sciences.2016;4(1):68-80. 

28. Cizman, M.The use and resistance of antimicrobials in 

the community. International Journal of Antimicrobial 

Agents.2003; 21: 297-307. 

29. Appelbaum, P. C. Resistance among Streptococcus 

pneumoniae: implications for drug selection. Clinical 

Infectious Diseases.2002; 34:1613-1620. 

30. Al-Jebouri MM, Mdish SA. Tracing of antibiotic-

resistant bacteria isolated from semen of Iraqi males 

with primary infertility. Open Journal of 

Urology.2019;9(1):19-29  

31. Al-Jebouri MM, Mohamed AA. A study on infertility 

of males infected with Mycoplasma hominis with 

reference to sperm morphology. Open Journal of 

Pathology. 2020;11(1):7-21. 

32. Sultan HI, Al-Jebouri MM. Pulmonary tuberculosis in 

Al-Zab district. Tikrit Medical Journal. 2010;16(1):37-

41. 

33. Doern GV, Brueggemann AB, Huynh H, Wingert E, 

Rhomberg P. Antimicrobial resistance with 

Streptococcus pneumoniae in the United States, 1997-

98. Emergence of Infectious Diseases.1999; 5:757-

765. 

34. Al-Jebouri MM, Al-Ani IA. Phage Typing of 

Staphylococcus aureus Isolated from Cancer and 

Noncancer Patients in Iraq. Middle East Research 

Journal Microbiology and Biotechnology. 2026; 6(2): 

118-127. 

35. Al-Jebouri MM, Al-Ani IA. Matrices of Degree of 

Association of Paired Antibiotic Resistance of 

Staphylococcus aureus Harvested From Cancer And 

Noncancer Patients. World Journal of Pharmaceutical 

Research.2026; 15(13), 1577-1597. 

36. Al-Jebouri MM, Kaki MNM. Application of Matrices 

Modelling for Infectious Diseases of Humans. Open 

Journal of Applied Sciences; 2025;15: 2733-2758. 

https://doi.org/10.4236/ojapps.2025.159184 

37. Mandell LA, Bartlett JG, Dowell SF, File Jr TM, 

Musher DM, Whitney C. Update of practice guidelines 

for the management of community-acquired 

pneumonia in immunocompetent adults. Clinical 

Infectious Diseases.2003; 37:1405-1433. 

38. Al-Jebouri MM, Al-Shakarjy. The effect of low-power 

laser combined with providine-iodine photosensitizer 

on elastase production of Pseudomonas aeruginosa 

isolated from wounds. Journal of Applied Medical 

Sciences.2013;2(2):63-67. 

http://dx.doi.org/10.4236/oju.2012.23021 

39. Al-Jebouri MM. Medical Bacteriology. 1st edn. Mosul 

University Press,1990,( in Arabic). 

40. Al-Jebouri MM, Al-Dobony HM. Incidence of 

antibiotic-resistant bacteria in urine from healthy 

secondary school girls in Mosul. Iraqi Medical 

Journal.1985;33:97-107. 

41. Doern G, Brown SD. Antimicrobial susceptibility 

among community-acquired respiratory tract 

pathogens in the USA: data from PROTEKT US 2000-

01. Journal of Infection.2004; 48:56-65. 

42. Al-Jebouri MM, Al-Rahaley IM. An assessment of 

antibiotic resistance and resistotyping of Escherichia 

coli from stools of infants. Journal of Chemotherapy. 

1991;3:119-121. 

43. Al-Jebouri,M M ,Sharif,A Y and Abdulla, B A.The 

prevalence of antibiotic resistance among three 

nosocomial pathogens isolated from the maternity 

hospital in Ninveh. Iraqi Medical Journal.1988;37:97-

101. 

44. Al-Jebouri MM, Mdish SA. Tracing of Sortoli-cell-

only syndrome and other histopathological 

abnormalities in Iraqi males with primary infertility of 

azoospermia. Open Journal of Pathology. 

2019;9(1):10-17.  

45. Pfaller MA, Jones RN. Gatifloxacin phase IV 

surveillance trial (TeqCES study) utilizing 5000 

primary care physician practices: report of pathogens 

isolated and susceptibility patterns in community-

acquired respiratory tract infections. Diagnostic 

Microbiology and Infectious Diseases.2002; 44:77-84. 

46. Al-Jebouri MM, Kaki MM. Dynamics and Phase 

Portraits of the SEIQR Model. Annals of Public Health 

and Epidemiology. 2025; 3(2):1-8. 

47. Al-Jebouri MM, Al-Jebouri MM, Al-Alwani HR. 

Angiotensin I-converting enzyme gene polymorphism 

in patients with chronic renal failure. World Journal of 

Pharmaceutical Research. 2014;4(1):1-11.  



 

 

 

 

Al-Jebouri, M. M., & Al-Doori, A. N.; Middle East Res J. Microbiol Biotechnol., Sep-Oct, 2026; 6(4): 286-300 

© 2026 Middle East Research Journal of Microbiology and Biotechnology | Published by Kuwait Scholars Publisher, Kuwait  298 
 

 

 

48. Al-Jebouri MM, Mahmood BY. Prevalence of 

different types of microorganisms and levels of 

complement C5a in patients with acute-phase wound 

infections. Open Journal of Pathology.2019;9:02-19. 

49. Dunbar LM.Current issues in the management of 

bacterial respiratory tract disease: the challenge of 

antibacterial resistance. American Journal of Medical 

Science.2003; 326:360-368. 

50. Al-Jebouri MM, Al-Jebouri OAH. Prevalence, 

Incidence, and Associated Risk Factors of Urolithiasis 

Among Population of Salah-Aldeen Province In Iraq 

World Journal of Pharmaceutical Research.2026; 

15(5): 817–832. 

51. Al-Jebouri MM, Madish SA. The role of sex hormones 

in the formation of renal stones with reference to 

urinary tract infections of Iraqi patients. World Journal 

of Pharmacy and Pharmaceutical Sciences. 

2014;3(4):352-365. 

52. Al-Jebouri MM, Anton BG. Escherichia Coli Type-I 

Isolated From Mid-Fingers As Indicator A New Of 

Potential Microbial Health Hazards Associated With 

Food Handler Employees. World Journal of Pharmacy 

and Pharmaceutical Sciences.2026; 15(2):1147–1164. 

53. Garau J.The hidden impact of antibacterial resistance 

in respiratory tract infection. Clinical failures: the tip 

of the iceberg? Respiratory Medicine.2001; 95 (suppl 

A):S5-11. 

54. Lonks JR.What is the clinical impact of macrolide 

resistance? Current Infectious Diseases Report.2004; 

6:7-12. 

55. Al-Jebouri MM, Hasen AH. Vitamin D3 variation 

between children and adults with reference to renal 

stone, environment and urinary tract infections. Open 

Journal of Urology. 2012; 2(3):119-126. 

56. Al-Jebouri MM. A possible modelling of parameters 

interaction of environment impact and health. World 

Journal of Pharmaceutical Research.2015;4:412-420. 

57. Al-Jebouri M M, Al-Faham Y M N. Synergistic effect 

of laser irradiation and photosensitizers on 

Pseudomonas aeruginosa isolated from the wound. 

World Journal of Pharmacy and Pharmaceutical 

Sciences.2025;14(11): 502-517. 

58. Amsden GW.Pneumococcal macrolide resistance: 

myth or reality? Journal of Antimicrobial 

Chemothererapy.1999; 44:1-6. 

59. Farr BM, Kaiser DL, Harrison BD. Connolly CK. 

Prediction of microbial aetiology at admission to 

hospital for pneumonia from the presenting clinical 

features. British Thoracic Society Pneumonia Research 

Subcommittee. Thorax.1989; 44:1031-5. 

60. Al-Jebouri MM, Wahid NM.An Evaluation of 

QuantiFERON-TB Gold in-Tube and Immunological 

Tests for TB Diagnosis in Iraqi Patients. Current 

Trends in Medicine and Medical Research . 2019; 1: 

75-82. 

61. Al-Jebouri MM, Al-Jebouri OAH. Urinary Metabolic 

Profile and Stone Composition, Location and 

Recurrence in Kidney Stone Formers of the Salah-

Aldeen Province, Iraq. Middle East Research Journal 

of Microbiology and Biotechnology. 2026 ; 6(1): 1-9. 

62. Al-Jebouri MM, Kaki MM, Mutlek T. Quantitative 

assessment of wound healing of mice treated with 

combinations of laser irradiations and antibiotics via 

experimental mathematical modelling. Journal of 

Pharmacy and Pharmaceutical Sciences.2026; 

15(2);1165-1177. 

63. Mahon CR, Manuselis G, Lehman DC. Textbook of 

Diagnostic Microbiology. 3rd ed. USA: Saunders 

Company,2007. 

64. Al-Jebouri MM, Noori AY. The prevalence of asthma 

among workers of Al-Baiji oil refinery and its 

relationship with gaseous pollutants and bacterial 

respiratory infections. Proceedings of the fourth 

Scientific Conference of Education College of 

Samarra, University of Tikrit,March,2011.40-48. 

65. Al -Jebouri MM, Ali KOM. Socio-Demographic 

Characteristics of Patients with Pulmonary 

Tuberculosis in Salah-Aldeen Province, Iraq. Middle 

East Research Journal of Microbiology and 

Biotechnology. 2026;6(2): 128-140. 

66. Al-Jebouri MM, Wahid NM.An Evaluation of 

QuantiFERON-TB Gold in-Tube and Immunological 

Tests for TB Diagnosis in Iraqi Patients. Current 

Trends in Medicine and Medical Research . 2019; 1: 

75-82. 

67. Al-Jebouri MM, Al-Jebouri OAH. Urinary Metabolic 

Profile and Stone Composition, Location and 

Recurrence in Kidney Stone Formers of the Salah-

Aldeen Province, Iraq. Middle East Research Journal 

of Microbiology and Biotechnology. 2026 ; 6(1): 1-9. 

68. Al-Jebouri MM, Kaki MM, Mutlek T. Quantitative 

assessment of wound healing of mice treated with 

combinations of laser irradiations and antibiotics via 

experimental mathematical modelling. 2026; 15(2): 

1165-1177. 

https://doi.org/10.11648/j.wjph.20251004.12 

69. Al-Jebouri MM, Al-Bayati. The degree of association 

between antibiotic resistance among population of 

Staphylococcus aureus of caesarean wounds. Annals of 

Public Health & Epidemiology. 2025;3(1):1-10. 

70. Al-Jebouri MM, Al-Bayati HS. Incidence of surgical 

site infection following caesarean section and its 

associated factors in a Tikrit Teaching Hospital, Iraq. 

Journal of Current Medical Research Opinion.2025; 

08(8): 4426- 4437. 

71. Al-Jebouri MM, Ibraheem Abdul-kareem Al-Ani 

IA.Haemagglutination Patterns of Enteropathogenic 

Escherichia coli of Cancer and Noncancer Patients” 

Middle East Res J. Microbiol Biotechnol. 2026 ; 6(2): 

94-102. 

72. Al-Jebouri MM, Al-Meshhadani NS . Antibiotic-

resistant Escherichia coli in raw sewage and in polluted 

water from the River Tigris. Journal of Applied 

Bacteriology.1986; 33:149-152. 

73. Al-Jebouri MM, Al-Jebouri OAH. Antibiotic 

Resistance Patterns of Bacteria Isolated from Patients 

with Urolithiasis in Tikrit City, Iraq. World Journal of 

Pharmacy and Pharmaceutical Sciences.2026; 15(5): 

296-312. 

74. Al-Jebouri MM, Dheyaa DS. An assessment of 

immunological parameters associated with typhoid 

fever among displaced Iraqi patients. World Journal of 

Pharmacy and Pharmaceutical Sciences.2025; 14(11): 

487–501. https://doi.org/10.4236/ojpathology. 

2025.154015.  



 

 

 

 

Al-Jebouri, M. M., & Al-Doori, A. N.; Middle East Res J. Microbiol Biotechnol., Sep-Oct, 2026; 6(4): 286-300 

© 2026 Middle East Research Journal of Microbiology and Biotechnology | Published by Kuwait Scholars Publisher, Kuwait  299 
 

 

 

75. Tawfiq SK, Rezaig, Al-Jebouri MM. Determination of 

time of toxoplasmosis among pregnant women by 

using IgG avidity to various Toxoplasma gondii 

antigens. Kirkuk University Journal of Science 

studies.2019;14(1):1-12.  

76. Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson 

C, Koenig JQ, Smith KR. Woodsmoke health effects: 

A review Journal of Inhalation Toxicology.2007; 

19(1): 1-47. 

77. Pozzi SP, David BZ. Use of amoxicillin + clavulanic 

acid combination in veterinary medicine and possible 

antibiotic resistance of human pathogens. Journal of 

Veterinary Medicine.2002; 57(2): 163-167. 

78. Al-Jebouri MM, Al-Jebouri OAH. Antibiotic 

Resistance Patterns of Bacteria Isolated from Patients 

with Urolithiasis in Tikrit City, Iraq. World Journal of 

Pharmacy and Pharmaceutical Sciences.2026; 15(5): 

296-312. 

79. Al-Jebouri MM, Al-Bayati. The degree of association 

between antibiotic resistance among population of 

Staphylococcus aureus of caesarean wounds. Annals of 

Public Health & Epidemiology. 2025;3(1):1-10. 

80. Al-Jebouri MM, Dheyaa DS. An assessment of 

immunological parameters associated with typhoid 

fever among displaced Iraqi patients. World Journal of 

Pharmacy and Pharmaceutical Sciences.2025; 14(11): 

487–501. https://doi.org/10.4236/ojpathology. 

2025.154015.  

81. McCarthy N. Deaths from drug-resistant infections set 

to skyrocket. 2015. [Google Scholar] 

82. Algammal AM, Hetta HF, Elkelish A, Alkhalifah 

DHH, Hozzein WN, Batiha GE, El Nahhas N, Mabrok 

MA, Methicillin-resistant staphylococcus aureus 

(mrsa): one health perspective approach to the 

bacterium epidemiology, virulence factors, antibiotic-

resistance, and zoonotic impact. Infection and Drug 

Resistance. 2020;13:3255-65. 

83. Al-Jebouri MM, Al-Bayati HS. Incidence of surgical 

site infection following caesarean section and its 

associated factors in a Tikrit Teaching Hospital, Iraq. 

Journal of Current Medical Research Opinion.2025; 

08(8): 4426- 4437. 

84. Tawfiq SK, Rezaig, Al-Jebouri MM. Determination of 

time of toxoplasmosis among pregnant women by 

using IgG avidity to various Toxoplasma gondii 

antigens. Kirkuk University Journal of Science 

studies.2019;14(1):1-12.  

85. Al -Jebouri MM, Ali KOM. Socio-Demographic 

Characteristics of Patients with Pulmonary 

Tuberculosis in Salah-Aldeen Province, Iraq. Middle 

East Research Journal of Microbiology and 

Biotechnology. 2026;6(2): 128-140. 

86. Karaman MYE, Ogutcu H, Alaylar B, Güllüce M. 

Isolation and Characterization of Antibiotic-Resistant 

and Biosurfactant-Producing Hydrocarbon-Degrading 

Bacteria from Industrial Contaminated Soils. Toxics. 

2026; 14(7):583. 

https://doi.org/10.3390/toxics14070583 

87. Al-Jebouri MM, Al-Jebouri OAH. Chemical Analysis 

Of Stones, Serum Ions And Their Significance In 

Urolithiasis Of Tikrit Population, Iraq. World Journal 

of Pharmacy and Pharmaceutical Sciences.2026;15(5): 

2215–2228.  

88. Al-Jebouri MM. The outcome of Minibiobank under 

adverse conditions in Iraq. International Conference 

and Exhibition on Tissue Preservation & Bio-banking. 

Journal of Tissue Science and Engineering.2021; 1-2. 

DOI: 10.13140/RG.2.2.19802.06082 

89. Al-Jebouri MM, Al-Obaidy HS. Effects of Combined 

Helium/ Neon Laser Radiation and Photosensitizer on 

Disinfectant-Exposed Staphylococcus aureus In vitro. 

Middle East Research Journal of Microbiology and 

Biotechnology. 2026 ; 6(2): 103-112. 

90. Rukayadi Y, Lee K, Han S, Yong D, Hwang JK. In 

Vitro Activities of Panduratin A against Clinical 

Staphylococcus Strains. Journal of Antimicrobial 

Chemothererapy.2009; 53(10): 4529-4532. 

91. EUCAST. The European Committee on Antimicrobial 

Susceptibility Testing. European Society of Clinical 

Microbiology and Infectious Diseases. CLSI. 

EMEA,2009;Sweden. 

92. Al-Jebouri MM, Al-Jebouri OAH. Co-Occurrence of 

Antibiotic Resistance in Extensively Drug-Resistant 

Staphylococcus aureus Isolated from Wounds in Tikrit 

Teaching Hospital” Middle East Research Journal of 

Microbiology and Biotechnology.2026;6(2):67-75. 

93. Al-Jebouri MM. Antibiotic-resistant Escherichia coli 

in raw sewage and in polluted water from River Tigris. 

Microbios letter.1985;33(131):149-152. 

94. Al-Jebouri MM. A study on caused of skin rashes in 

Iraqi patients. Allergy; 2013;68:441. 

95. Rodgers GL, Whitney CG, Klugman KP. Triumph of 

pneumococcal conjugate vaccines: overcoming a 

common foe. The Journal of Infectious Diseases. 

2021;224(Supplement_4):S352-9. 

96. Montanari MP, Cochetti I, Mingoia M, Varaldo 

PE.Phenotypic and Molecular Characterization of 

Tetracycline- and Erythromycin-Resistant Strains of 

Streptococcus pneumonia. Journal of Antimicrobial 

Chemothererapy.2003; 47(7): 2236-2241. 

97. von Eiff, C, Herrmann M, Peters G. Antimicrobial 

Susceptibilities of Stomatococcus mucilaginosus and 

of Micrococcus spp. Journal of Antimicrobial 

Chemotherepy.1995; 39(1): 268-270. 

98. Al-Jebouri MM, Al-Rahaley IM. Haemagglutination 

Patterns of Enteropathogenic Escherichia Coli Isolated 

From Diarrheic Children Of Different Blood Groups. 

World Journal of Pharmaceutical Research.2026; 

15(12):619–640. 

99. Al-Jebouri MM. and Yasin NA. Effect of Helium/ 

Neon Laser Radiation, Sodium Hypochlorite, and 

Other Selected Disinfectant Combinations on the 

Killing of Disinfectant- Resistant Staphylococcus 

aureus Isolated from Wounds. Open Journal of 

Pathology. 2025; 15: 177-195. 

https://doi.org/10.4236/ojpathology. 2025.154015. 

100. Al-Jebouri MM, Ahmed ER. Estimation of Selected 

Immunological Parameters and their Interactions 

among Ramadan Fasting Displaced Iraqi. Annals of 

Public Health & Epidemiology.2025;3(2):1-7.  

101. Das N, Kotoky R, Maurya AP, Bhuyan B, Pandey P. 

Paradigm shift in antibiotic-resistome of petroleum 

hydrocarbon contaminated soil. Science of The Total 

Environment.2021; 757, 143777. 

102. Al-Jebouri MM, Edham MH. Quality Assessment Of 

Raw And Drinking Waters Of Tigris and Lower Al-

https://doi.org/10.3390/toxics14070583


 

 

 

 

Al-Jebouri, M. M., & Al-Doori, A. N.; Middle East Res J. Microbiol Biotechnol., Sep-Oct, 2026; 6(4): 286-300 

© 2026 Middle East Research Journal of Microbiology and Biotechnology | Published by Kuwait Scholars Publisher, Kuwait  300 
 

 

 

Zab Rivers In A Selected Sector Of Kirkuk And 

Salahaldeen Provinces Of Iraq. World Journal of 

Pharmacy and Pharmaceutical Sciences.2025; 14(12): 

1480–1488. 

103. Al-Jebouri MM Hamadi ZA. A Study on Demographic 

Risk Factors Causing Kidney Stone. World Journal of 

Pharmacy and Pharmaceutical Sciences.2026; 15(2): 

386–398. 

104. Al-Jebouri MM, Hamadi ZA. Risk Factors of 

Urolithiasis Formation With Reference To Urine 

Values. World Journal of Pharmacy and 

Pharmaceutical Sciences.2026; 15(2): 399–415. 

105. Al-Jebouri MM, Khalil WI. Ctx & Tem genes in faecal 

bacteria isolated from autism spectrum disorder 

children. International Journal of Special 

Education.2022;37(3):9608-9613. 

106. Al-Jebouri MM, Khalil WI.IgA,C5a and serotonin in 

gastrointestinal complication of autism spectrum 

disorder. Teikyo Medical Journal.2022;45(1):4633-

4636. 

107.  Al-Jebouri MM, Al- Samarrai AH, Abdeljabar RA. 

Estimation of Environmental Chemical Pollution of 

Al-Baiji Oil Refinery in Iraq. Advances in Applied 

Science and Technology.2019;1:33-39. 

DOI:10.9734/bpi/aast/v1 

108. Al-Jebouri MM, Al-Bayati HS. Effect of Disinfectants 

Exposure on the Susceptibility of Antibiotics, 

Disinfectants, Heavy Metals and Biochemical Profile 

for Staphylococcus aureus Isolated from Caesarean 

Wounds” Middle East Research Journal of 

Microbiology and Biotechnology. 2026 ; 6(1): 22-34. 

109. Al Disi Z, Al-Ghouti M, Zouari N. Investigating the 

simultaneous removal of hydrocarbons and heavy 

metals by highly adapted Bacillus and Pseudomonas 

strains. Environmental Technology Innovation. 2022; 

27: 102513 

110. Al-Jebouri MM, Al-Ani IA, Al-Jumaily S. The effect 

of the war of the American and the affiliated forces 

against Iraq on the distribution and elevation of cancer 

diseases in Mosul. Consequences of Depleted Uranium 

used by U.S. and British forces in the 1991 Gulf War 

Hotel Al-Rashid, Baghdad, Iraq, December 2-3, 1998. 

111. Al-Jebouri, MM, Al-Alwani HR .Serum level of IL -6, 

IL-1β and TNF-α in patients of chronic renal failure 

with maintenance haemodialysis .World Journal of 

Pharmaceutical Research. 2015;4(1): 12-24. 

112. Al-Jebouri MM, Al-Bayati HS. A Study on the 

Possible Sources of Hospital-Acquired Pathogens 

Leading To Caesarean Wound Infection In Tikrit 

Teaching Hospital, Iraq. World Journal of Pharmacy 

and Pharmaceutical Sciences.2025; 14(12): 1460–

1479. 

113. Al-Jebouri, M M,Al-Saadi,A A, and Ali, KOM. 

Antituberculosis drug resistance among isolates of 

Mycobacterium tuberculosis in Salah Al-deen 

Governorate. Tikrit Medical Journal of Tikrit 

University.2000; 6:54-60. 

114. Al-Jebouri MM, Wahid NM.The interaction between 

polymerase chain reaction (PCR) and other diagnostic 

tests among tuberculosis patients of various blood 

groups. World Journal of Pharmacy and 

Pharmaceutical Sciences.2014;3(7): 217-230. 

115. Al-Saadi,AA, Al-Jebouri, MM, and Ali, KOM. 

Pulmonary tuberculosis in Salahaldeen governorate 

,1996-1997.Tikrit Medical Journal of Tikrit 

University.2000;6:116-121. 

116. Al-Jebouri M M, Al-Jumaily SA.A study on 

distribution of amoebiasis among children of Sharkat 

district. The Medical Journal of Tikrit University.2001; 

7:103-105. 

117. Al-Jebouri MM, Noori AY. The prevalence of asthma 

among workers of Al-Baiji oil refinery and its 

relationship with gaseous pollutants and bacterial 

respiratory infections. Proceedings of the fourth 

Scientific Conference of Education College of 

Samarra, University of Tikrit,March,2011.40-48. 

 


