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 Abstract 

Background: Gastroenteritis has a significant mortality and morbidity incidence in children 

globally. Antimicrobial resistance in Enterobacteriaceae is a serious public health problem, 

especially in developing countries. 

Objective: The present study aimed to evaluate the anti-bacterial and anti-biofilm activities of 

AgNPs alone and in combination with kanamycin against multidrug-resistant Enterobacteriaceae 

and P. aeruginosa isolated from diarrheal children. 

Materials and methods: 90 Enterobacteriaceae and P. aeruginosa isolates from diarrheal children 

were evaluated against 10 antibiotics. Minimum inhibitory doses of AgNPs and kanamycin were 

determined using broth microdilution, synergistic was determined using Checkerboard dilution tests, 

and the Calgary technique was used to analyze biofilm development. 

Results: A total of 90 stool cultures were conducted for bacteria associated with diarrhea among 

children attending some Baghdad hospitals. The findings revealed that bacterial diarrhea was most 

often caused by E. coli 31 (34.5%), followed by S. typhi 19 (21.1%), K. pneumoniae 14 (15.5%), P. 

aeruginosa 11 (12.2%) and S. sonnei 6 (6.7%), and significant variations between the strain's 

species were discovered using statistical analysis (P < 0.05). The present study's findings revealed 

that bacteria isolated from children with diarrhea were spread significantly in age groups of 37–48 

months and significantly different between age groups (P < 0.05), with a male/female ratio of 

0.57/1. Imipenem and amikacin were the most active antibiotics compared to penicillin, which was 

the least effective antibiotic. The combination of sublethal doses of AgNPs with sub-MIC (½MIC) 

of kanamycin exhibited substantial synergistic bactericidal effects against MDR-Enterobacteriaceae. 

AgNPs inhibited biofilm formation by 55%–65% for diarrhea-causing bacteria, while the 

combination of AgNPs with kanamycin demonstrated the strongest biofilm inhibition of around 

80%–90% against MDR-Enterobacteriaceae with a highly significant variation (P < 0.05). 

Conclusions: The outcomes of the research show that the combination of AgNPs with kanamycin 

has remarkable synergistic bactericidal and anti-biofilm effectiveness against MDR-

Enterobacteriaceae isolated from diarrheal children. 
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Introduction 

   The term "gastroenteritis" may be used to refer to symptoms such as diarrhea or vomiting that are brought on by 

inflammation in the colon or upper small intestine1. There is a possibility that viruses, bacteria, or parasites are the 

etiologic agents (1). A person is said to have diarrhea if they have three or more loose stools per day or more than they 

typically do, according to the WHO (2). 

  There is a high death rate and high morbidity rate associated with gastroenteritis in children worldwide, but this is 

particularly true in impoverished nations. A high prevalence of bacteria enteritis has been documented (3). 

Enterobacteriaceae resistance to antimicrobials is a major public health concern, particularly in underdeveloped nations. 

Transferable plasmids that encode multidrug resistance have been shown to be a major cause of the issue, and it has been 

demonstrated that species of enterobacter (4). 

   Complex colonies of surface-associated microbes are what make up biofilms. Biofilms are encased in a structured, 

highly hydrated polysaccharide matrix that protects them from the environment (5). 

   There is a lot of interest in nanoparticles right now because of their many potentials uses in biomedicine, agriculture, 

optics, and electronics. Researchers are currently focusing on nanomedicine, which is the study of developing safe, 

biocompatible, effective and inexpensive medications that are non-toxic and do not harm the body (6). For the treatment 

of infections caused by multi-drug resistant bacteria, silver nanoparticles (AgNPs) may be an alternative to antibiotics 

(7). 

   The purpose of the current research was to assess the anti-bacterial and anti-biofilm properties of AgNPs alone and in 

combination with an aminoglycoside antibiotic (Kanamycin) against multidrug-resistant Enterobacteriaceae and 

Pseudomonas aeruginosa that isolated from children who are suffering from diarrhea. 

 

Materials and Methods 

Sample collection and bacterial identification 

   Children with diarrhea in Baghdad Hospitals provided 90 stool samples for testing in a single-use plastic container 

between November 2021 and March 2022. Each patient's age, gender, and other pertinent data were recorded. For direct 

macroscopical and microscopical investigation, the samples were sent to the laboratory. At 37°C, the samples were 

incubated for 24 hours on MacConkey and blood agar. After that, the colony growth was honed using a variety of 

selective and differentiated medium. Using morphological and biochemical testing, one may discriminate between 

different species. BioMérieux, Marcy L'Etoile, France" API 20 E kit was used to complete biochemical testing and 

verified the final laboratory diagnosis. 

Antibiotics and silver nanoparticles (AgNPs) 

   Bioanalyze (Turkey) provided all of the antibiotics used in this investigation are listed in table1. The following 

attributes of the silver nanoparticles were acquired from Hongwu International Group Ltd (China): shape "Spherical”, 

appearance "grey black powder", purity (99.99%), particle size (20nm), apparent density (0.97g/ml), and tap density 

(2.16g/ml) (Fig. 1.). 

Antibiotic susceptibility testing 

   As part of the Clinical Laboratory Standards Institute (CLSI) standards, we modified Kirby-disk Bauer's diffusion 

technique to evaluate the antibiotic susceptibility of microorganism’s isolates. On Müller-Hinton agar (Oxoid, UK), one 

to three bacteria isolates were cultured overnight for 24 h at 37°C. In order to plate the bacteria on Müller-Hinton agar, 

we employed the streaking technique, in which the bacteria were transferred to the plate using sterile swabs. The results 

were declared as sensitive (S) or resistant (R) in accordance with the (CLSI) 2014 standards for reporting results (8). 

Minimum inhibitory concentrations (MICs) of Kanamycin and AgNPs  

   CLI standards were followed while determining Kanamycin and AgNPs MICs. More specifically, the microtiter plates 

were filled with two-fold serial dilutions of Kanamycin or AgNPs in Müller-Hinton broth and 100 l of bacterial 

inoculum suspensions in Müller-Hinton broth, "equivalent to 0.50 McFarland standards." Microtiter plates were kept at 

37 degrees Celsius for 18 hours. The absorbance at 600 nm of the enzyme-linked immunosorbent assay microtiter reader 

"Huma Reader-HS, Human GmbH, Wiebaden, Germany" was used to record the minimal inhibitory concentrations 

results (9). 

Biofilm formation assay 

   Calgary biofilm approach was used to assess AgNPs and Kanamycin at sub-MIC doses. Briefly, bacteria are grown 

overnight at 37°C and diluted with Müller-Hinton broth to 1x106 CFU/ml. Suspension 180 μl of bacteria in each well of 

a 96-well microtiter flat-bottom plate for 24 hours. Plates were incubated at room temperature for 4-5h with AgNPs and 

Kanamycin at sub-MIC doses. The plates were washed three times with PBS and incubated for one hour to fix biofilms. 

Biofilms are stained with 1% crystal violet for 30-40 minutes at room temperature, and then destained with 96% ethanol 

at 37°C for 30 minutes. "Huma Reader-HS, Human GmbH, and Wiesbaden, Germany" detected 595nm absorbance. [1(A 

595 of AgNP-treated cells/A 595 of non-treated control cells)] 100 was used to determine anti-biofilm activity (10). 
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Class Antibiotics Symbol Concentration 

µg/ml 

Quinolone Ciprofloxacin CIP 10 

Tetracycline Tetracycline TE 25 

Penicillin Amoxicillin AX 10 

aminoglycoside Kanamycin K 5 

Carbapenem Imipenem IPM 10 

Aminoglycoside 
Gentamicin CN 10 

Amikacin AMI 30 

Chloramphenicol Chloramphenicol C 10 

Monobactams Aztreonam ATM 10 

Monobactams Azithromycin AZM 15 

β-lactamase 

Inhibitors 

Amoxicillin 

-clavulanate 

AMC 20/10 

Checkerboard dilution 

In a 96-well microtiter plate, AgNPs or Kanamycin was diluted 2-fold. Vertical and horizontal 50-microliter aliquots of 

the first and second antimicrobials were applied. Each well received 100 μl of new bacterial suspension (1 × 106 cfu/ml) 

and was cultured as previously. FICI = (MIC of antimicrobial agent A in combination/MIC of agent A alone) + (MIC of 

antimicrobial agent B in combination/MIC of agent B alone). When the FIC index was ≤ 0.5, it was synergistic (11). 

Statistical analysis 

   We used "GraphPad Program Inc., La Jolla CA, PRISM® 9.4.0 "' statistical software to analyze our data. P-values 

were derived via the student's t-test. There were two separate trials that yielded all of the data. This level of significance 

is defined as being at or below the 0.05 threshold. 

 
                          Table (1): Antimicrobial disks employed against pathogenic bacteria isolates 
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Figure (1): A-Morphology of Silver nanoparticles (20nm) Hongwu International Group Ltd. 

                                         B- Structures of aminoglycoside antibiotic (Kanamycin). 

 

 

Results 
   During the period of this study, a total of 90 stool cultures were conducted to bacteria associated with diarrhea among 

children attending some Baghdad hospitals. Traditional biochemical procedures were used to examine the stool samples, as 

well as antibiotic susceptibility testing for each bacterial isolate. 

The findings revealed that bacterial diarrhea was most cause by Escherichia coli  31(34.5%) followed by Salmonella typhi 

19 (21.1%), Klebsiella pneumonia14 (15.5%), Pseudomonas aeruginosa 11 (12.2%) and Shigella sonnei 6 (6.7%) and 

Significant variations between the strain's species were discovered using statistical analysis (P < 0.05) as presented in table 

(2).  
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  Bacteria No. (%) 

1. Escherichia coli 31 (34.5) 

2. Salmonella typhi 19 (21.1) 

3. Klebsiella Pneumonia 14 (15.5) 

4. Pseudomonas aeruginosa 11 (12.2) 

5. Shigella sonnei 6 (6.7) 

6. Proteus mirabilis 9 (10)  

7. Total  90 (100%) 

Table (2): Numbers of pathogenic bacteria isolate from children with diarrhea. 

 

 

 

 

 

 

 

 
 

 

 

  The present study's findings revealed that bacteria isolated from children with diarrhea were spread significantly in age 

groups of 37-48 months and significantly different between age groups (P < 0.05). 

Furthermore, female patients showed high risk to be contaminated with microorganisms linked to children's diarrhea 

rather than male patients and the male / female ratio was (0. 57/1) as seen in the Figure (2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Patient distribution according to age categories (Months). 
 

 

   The antibiotic susceptibility of all Enterobacteriaceae and Pseudomonas aeruginosa strains isolated in this study was 

examined using a modified Kirby- Bauer disk diffusion method with ten antibiotics with diverse mechanisms of action. 

  Carbapenem antibiotics (Imipenem) and aminoglycoside (Amikacin) was most active antimicrobial agent against 

bacterial isolated, while the majority of bacterial isolates showed a high level of resistance to β -lactamase inhibitors 

(Amoxicillin-clavulanate) and penicillin derivative (Amoxicillin) as indicated in the table (3). 

All microorganisms isolate in this study were evaluated for their propensity to produce biofilms employing a Calgary 

method with some improvements. According to the findings of the provided study, the majority of MDR-bacteria 

displayed a great proclivity (+++) to form biofilms especially   E. coli, S. typhi and Pseudomonas aeruginosa as indicated 

in table (3). 

   In this study, the most common types of multi-drug resistant (MDR) Enterobacteriaceae bacteria Escherichia coli and 

Salmonella typhi that cause diarrhea were selected to treat with AgNPs and compared to untreated cell. Interestingly, 

AgNPs exhibit superior antibacterial action against multi-drug resistant (MDR) Enterobacteriaceae (E. coli and S. typhi) 

with MIC from 10 -15 μg/ml and disrupts growth with inhibition around 50%- 60 % for E. coli and S. typhi respectively 

as shown in table (4) and as illustrated in figure(3). Moreover, combination of sublethal doses of AgNPs with sub-MIC 

(½MIC) of aminoglycoside antibiotic (Kanamycin) exhibited substantial synergistic bactericidal effects against multi-drug 

resistant Enterobacteriaceae with FIC index range 0.21 –0.5 for E. coli and 0.2-0.45 for S. typhi as shown in the table (4). 
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Microorganism 

AgNPs MIC 

(μg/ml) 

Range 

kanamycin 

MIC (μg/ml) 

Range 

FIC index 

Range 

 

Interaction 

E. coli 5-15 0.2-0.5 0.21 –0.5 Synergistic 

S. typhi 5-10 0.25-1 0.2-0.45 Synergistic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (3): Antimicrobial Activity of AgNPs alone and in combination with Kanamycin against MDR-

Enterobacteriaceae. 

 
   The data in the figure (5) confirmed that AgNPs had 55%- 65% inhibitory action on biofilm development for pathogenic 

bacteria isolated from children with diarrhea. 

 The biofilm production classified as strong, moderate, and weak according to ability of microorganism to developing of 

the biofilms. About 15% of the E. coli strains developed strong biofilm production and compared to approximately 10% of 

S. typhi; moreover, moderate biofilm production recorded about 10% and 5% for E. coli and S. typhi respectively as 

described in figure (4). 

 
Table (4): Minimum inhibitory concentration of AgNPs and kanamycin for E. coli and S. Typhi with fractional 

inhibitory concentration index (FICI) values. 

 

 

 

 

 

 

 

 

 

Table (3): Antibiotics Susceptibility profile (%) and biofilm production propensity score of 

bacteria isolate. 
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Figure (4): Biofilm propensity score of MDR-Enterobacteriaceae isolates.   

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (5): Estimate the biofilm formation level of each bacterium isolate after treated with AgNPs. 

 

 

 

 

 

 

 

 

 

 

 
Figure (6): Anti-biofilm inhibitory ability of AgNPs alone and in combination with Kanamycin against MDR- 

Enterobacteriaceae. 

 

 

 
  Bacterial cells were cultivated to produce biofilms and then treated with AgNPs alone or in combination with 

aminoglycoside antibiotics (Kanamycin) to investigate the synergistic effects. The results in the figure (6) it has been 

proven combination of AgNPs with aminoglycoside antibiotics (Kanamycin) demonstrated the strongest biofilm 

inhibition around 80% and 90% for E. coli and S. typhi respectively with a high significant variation (P < 0.05).  
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Discussion 

   Children's health in Iraq, as well as in other countries with high rates of poverty, is a serious issue due to the prevalence 

of diarrheal infections. It is vital to have knowledge of the circulating enteropathogenic in order to conduct suitable 

public health strategies to reduce diarrheal illnesses (12). 

  According to the findings of our research, diarrheal infections were most common in children between the ages of 37 

and 48 months. This may be the result of their immature immune system, which is unable to create an efficient 

immunological response owing to its lack of development. In addition, physiological phenomena like as teething and 

crawling, both of which occur at this age, considerably increase the danger of inserting infected fingers and fomites in 

the mouth (13). 

  On the other hand, fewer cases of diarrheal infection were seen in older age groups, which is in line with the findings of 

earlier investigations (14). This means that children with low immunity, which is generally caused by inadequate 

nutrition, are more likely to be susceptible to infections that cause diarrhea.  

  A study by (15) reported that E. coli and it is the most common bacteria isolated from children with diarrhea in Iraq. 

The results in this research confirmed that this Enterobacteriaceae Escherichia coli is the main cause of diarrhea in 

children. In our country it’s possible that widespread drug-resistant bacteria or people who medicate themselves are to 

blame for the high prevalence of antibiotic resistance shown in Enterobacteriaceae isolates. According to the findings of 

this research, the typical level of bacterial resistance to some antibiotics was rather high. The study's methodology and its 

findings are recorded by (16). AgNPs are active against Gram-negative and Gram-positive bacteria. Several studies 

suggest that AgNPs have strong antibacterial action against multidrug-resistant pathogens including MRSA, VRE, and 

TB (17, 18). The outcomes of this investigation confirm these conclusions, AgNPs showed antibacterial efficacy against 

multidrug-resistant bacteria isolated from diarrheal infants. 

   On the other hand, (19) discovered that AgNPs enhanced the antimicrobial activities of antibiotics and revealed 

synergistic effect when combined with chloramphenicol, nalidixic acid, and tobramycin against Enterobacteriaceae 

isolated from Iraqi hospitals. An interesting synergistic bactericidal and anti-biofilm effect was shown in our studies with 

AgNPs and the aminoglycoside antimicrobial Kanamycin when used together against MDR-Enterobacteriaceae 

identified from diarrheal children. 

   The synergistic antibacterial and antibiofilm activity of AgNPs and kanamycin may be attributable to the diverse 

modes of action. Protein synthesis is blocked by kanamycin. It binds the 30S ribosomal subunit. This leads to improper 

alignment with the mRNA and a misread that places the erroneous amino acid into the peptide (20). This causes inactive 

peptide chains. The AgNPs' influence on distinct molecular targets, among others. Ions of silver are capable of 

penetrating bacterial cells, denature ribosomes, and inhibit the synthesis of enzymes and proteins necessary for ATP 

generation, so causing cell death. Silver may also block DNA from unwinding by attaching to it, so preventing bacterial 

multiplication. Targeting the bacterial membrane also causes proton motive force to dissipate (21,22). 

 

 

Conclusions  

  The outcomes of the research show that the combination of AgNPs with the aminoglycoside antibiotic (Kanamycin) has 

remarkable synergistic bactericidal and anti-biofilm effectiveness against MDR-Enterobacteriaceae isolated from 

diarrheal children. The enhancement of the antimicrobial activity due to AgNPs-Kanamycin complex would enable the 

use to treat multidrug-resistant Enterobacteriaceae infections, according to the study. Future research is needed on 

AgNPs' molecular processes and in vivo tests to combat multidrug-resistant bacteria causing pediatric diarrhea. 
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للجراثين والغشبء الحيىي لجزيئبث الفضت النبنىيت ضذ هسبببث الأهراض الوعىيت الوقبوهت للأدويت تعزيز الأنشطت الوضبدة 

 الوتعذدة والوعزولت عن الأطفبل الوصببين ببلإسهبل

 
 عصبم جوعت نبصر

 
انجبيؼخ انزمُُخ انىسطً/  كهُخ انصحخ وانزمُُبد انطجُخ/  لسى رمُُبد انًخزجزاد انطجُخ  

 
* Correspondence:  issam788@mtu.edu.iq 

 

 
 الولخص

ًؼىَخ يشكهخ صحُخ انزهبة انًؼذح والأيؼبء نه يؼذل وفُبد ويزاضه كجُزح ثٍُ الأطفبل ػهً يسزىي انؼبنى. رؼزجز يمبويخ يضبداد انًُكزوثبد فٍ انجكززَب ان الخلفيت:

 ػبيخ خطُزح، لا سًُب فٍ انجهذاٌ انُبيُخ.

 

نلأغشُخ انحُىَخ نجشَئبد انفضخ انُبَىَخ وحذهب وثبلالززاٌ يغ انكبَبيُسٍُ ضذ انجكززَب  هذفذ انذراسخ انحبنُخ إنً رمُُى الأَشطخ انًضبدح نهجكزُزَب وانًضبدح الهذف:

 انًؼىَخ انًمبويخ نلأدوَخ وانشائفخ انشَجبرَخ انًؼشونخ يٍ الأطفبل انًصبثٍُ ثبلإسهبل.

 

يضبداد حُىَخ. رى رحذَذ انجزػبد انًضجطخ انذَُب  10ٍ ثبلإسهبل يمبثم ػشنخ يٍ ثكزُزَب انًؼىَخ وانشائفخ انشَجبرَخ يٍ الأطفبل انًصبثُ 90رى رمُُى  الوىاد والطرق:

سزخذيذ رمُُخ كبنجبرٌ يٍ جسًُبد انفضخ انُبَىَخ وانكبَبيُسٍُ ثبسزخذاو انزخفُف انذلُك نهًزق، ورى رحذَذ انجزػبد انزآسرَخ ثبسزخذاو اخزجبراد انزخفُف، وا

 نزحهُم رطىرالأغشُخ انحُىَخ.

 

 يشرػخ ثزاس نهجكزُزَب انًصبحجخ نلإسهبل ثٍُ الأطفبل انذٍَ َززددوٌ ػهً ثؼض يسزشفُبد ثغذاد. أظهزد انُزبئج أٌ الإسهبل انجكزُزٌ كبٌ 90اء رى إجز النتبئج:

٪(، وانشُغُهخ 12.2) 11شَجبرَخ %(، انشائفخ ان15.5) 14٪(، انكهجسُهخ انزئىَخ 21.1) 19٪( َهُه انسبنًىَُلا انزُفُخ 34.5) 31سججبً فٍ انغبنت نلإشزَكُخ انمىنىَُخ 

 (.(P < 0.05%( واكزشبف اخزلافبد يؼُىَخ ثٍُ أَىاع انسلانخ ثبسزخذاو انزحهُم الإحصبئٍ 6.7) 6سىٍَ 

شهزًا ورفبورذ ثشكم  48إنً  37ظهزد َزبئج انذراسخ انحبنُخ أٌ انجكزُزَب انًؼشونخ يٍ الأطفبل انًصبثٍُ ثبلإسهبل لذ اَزشزد ثشكم يهحىظ فٍ انفئبد انؼًزَخ يٍ 

أكضز انًضبداد انحُىَخ َشبطب يمبرَخ ثبنجُسهٍُ  amikacinو Imipenem(.  كبٌ 57/1. 0( وكبَذ َسجخ انذكىر / الإَبس )P <0.05يهحىظ ثٍُ انفئبد انؼًزَخ )

يٍ كبَبيُسٍُ رؤصُزاد رآسرَخ كجُزح ضذ  MIC (½MIC)كبٌ انًضبد انحُىٌ الألم فؼبنُخ. أظهز انجًغ ثٍُ انجزػبد شجه انًًُزخ يٍ جسًُبد انفضخ انُبَىَخ يغ 

 انجكزُزَب انًؼىَخ انًمبويخ نلأدوَخ انًزؼذدح. 

٪ نهجكزُزَب انًسججخ نلإسهبل، ثًُُب أظهز انجًغ ثٍُ جشَئبد انفضخ انُبَىَخ وانكبَبيُسٍُ ألىي 65-٪55صجظ جشَئبد انفضخ انُبَىَخ ركىٍَ الأغشُخ انحُىَخ ثُسجخ 

 (.P <0.05٪ ضذ انًؼىَخ انًمبويخ نلأدوَخ انًزؼذدح يغ رجبٍَ كجُز نهغبَخ )90٪ و80انحُىٌ حىانٍ  رضجُظ نهغشبء

 

ضذ انجكزُزَب رظهز َزبئج انجحش أٌ انجًغ ثٍُ انجسًُبد انُبَىَخ انفضُخ وانكبَبيُسٍُ نه فؼبنُخ يهحىظخ فٍ يجُذ انجزاصُى ويضبدح نلأغشُخ انحُىَخ  لاستنتبجبث:ا

 بويخ نلأدوَخ انًزؼذدح انًؼشونخ يٍ الأطفبل انًصبثٍُ ثبلإسهبل.انًؼىَخ انًم
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