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Abstract

:

Multidrug-resistant bacterial infections (MDRIs) constitute a major global threat due to increased patient morbidity/mortality and hospital stay/healthcare costs. A few studies from KSA, including our locality, addressed antimicrobial resistance in pediatric patients. This study was performed to recognize the incidence and clinical/microbiologic features of MDRIs in hospitalized pediatric patients. A retrospective cross-sectional study included pediatric patients < 18 years, admitted to King Abdulaziz University Hospital, between October 2021 and November 2022, with confirmed positive cultures of bacteria isolated from blood/body fluids. Patients’ medical files provided the required data. MDR organisms (MDROs) were identified in 12.8% of the total cultures. The incidence of MDRIs was relatively high, as it was detected in 42% of patients and in 54.3% of positive bacterial cultures especially among critically ill patients admitted to the NICU and PICU. Pneumonia/ventilator-associated pneumonia was the main type of infection in 37.8% of patients with MDROs. Klebsiella pneumoniae was the most common significantly isolated MDRO in 39.5% of MDR cultures. Interestingly, a low weight for (no need for their as terminology weight for age is standard and well-known) was the only significant risk factor associated with MDROs (p = 0.02). Mortality was significantly higher (p = 0.001) in patients with MDROs (32.4%) than in patients without MDROs (3.9%). Patients who died including 85.7% of patients with MDROs had significantly longer durations of admission, more cultures, and utilized a larger number of antibiotics than the surviving patients (p = 0.02, p = 0.01, p = 0.04, respectively). This study provided a comprehensive update on the seriously alarming problem of MDROs, and its impacts on pediatric patients. The detected findings are crucial and are a helpful guide to decid for implementing effective strategies to mitigate MDROs.
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1. Introduction


Antibiotics are one of the greatest discoveries of the previous century. Antibiotics have widespread global usage among pediatric patients to essentially treat various bacterial infections [1,2]. Antibiotics are considered double-edged weapons because they possess the capacity to either eliminate or impede the proliferation of bacteria if they are used appropriately, but they may also have side effects, including antimicrobial resistance (AMR). The problem of AMR arises when bacteria escape the stress of antibiotic exposure through various mechanisms such as mutational changes, acquiring genetic material, or modifying gene expression. This results in bacterial adaptation and the emergence of new strains that are resistant to the available antibiotics [3,4].



The indiscriminate use of antibiotics by clinicians, or inappropriate utilization by an individual, can have serious effects on other individuals related to the appearance of multidrug-resistant (MDR) bacteria. This phenomenon arises when a bacterium carries multiple resistance genes simultaneously [3,4].



Okomo et al. (2019) showed that a significant proportion of neonatal invasive bacterial infections in the sub-Saharan African region are mainly attributed to antibiotic-resistant Staphylococcus aureus, Klebsiella pneumoniae, and Escherichia coli [5].



Moreover, even in developed countries, Fleming et al. found that approximately 30% of administered antibiotics in the United States are considered inappropriate [6]. It has been estimated that antibiotic-resistant microorganisms have led to 2.8 million infections and 35,000 fatalities annually in the United States [7]. According to McCullough et al. (2017), antibiotic prescriptions for acute respiratory infections in Australia exceed the clinical guideline recommendations by four–nine times [8].



The rapidly spreading global pandemic of MDR organisms, characterized by acquired resistance to at least one agent in three or more clinically utilized antimicrobial classes, poses a substantial threat [9]. This phenomenon represents a significant medical and global public health crisis, leading to increased patient morbidity, mortality, prolonged hospital stays, and escalated healthcare costs [10,11].



The substantial increase in serious global health concern regarding the terror of multidrug-resistant organisms (MDROs) or superbugs is related to their adverse effects on economic, social, and environmental targets of the sustainable development goals [12]. Predictions indicate that deaths from MDR superbugs could surge from 700,000 to 10 million annually, with estimated costs reaching as high as US $100 trillion worldwide by 2050. Alarmingly, anticipated fatalities from MDR infections are expected to surpass even those from cancer [13].



The causes of MDR can be attributed to various factors, including the irrational overuse or abuse of antimicrobials, incorrect dosage, and repetitive use of a particular drug in humans, veterinary medicine, and agriculture coupled with too-few antibiotics in the pipeline to tackle the global crisis of MDR. Over the past three decades, the rate of new-antibiotic development and approval has steadily declined, with only four new antibiotics approved in 2014 leading to limited options for treating resistant bacteria [3,14,15].



Health care-associated infections (HAIs) with MDROs are notably prevalent among hospitalized patients, particularly those in intensive care units (ICUs), who face high risks of recurrent infections, elevated morbidity and mortality rates, and increased treatment expenses due to frequent failures of empirical antimicrobial therapy and prolonged hospitalization [16,17].



In Saudi Arabia, several challenges exist that could foster the emergence and dissemination of antimicrobial-resistant bacteria. Antibiotics are in the third rank among prescribed medications [18]. In light of the escalating reports on bacterial resistance in Saudi Arabia, there is a pressing need to investigate associations contributing to the escalation of antibiotic resistance [19].



According to nationwide surveillance of Gram-positive cocci in Saudi Arabia, approximately 32% of Staphylococcus aureus strains are methicillin-resistant Staphylococcus aureus (MRSA) [20]. Over the past decade, there has been a significant rise in the prevalence of carbapenem-resistant Gram-negative bacilli in Saudi Arabia compared to rates in the 1990s. This increase is accompanied by a growing prevalence of extended-spectrum beta-lactamase (ESBL) producing isolates, with some institutions reporting rates of 29% among Escherichia coli and 65% among Klebsiella pneumoniae. These escalating rates have been linked to numerous reported outbreaks, with associated mortality ranging between 11 and 40% [21,22].



In Saudi Arabia, few retrospective studies [20,21,23,24] have addressed antimicrobial resistance in general but not MDROs in particular in different areas of the kingdom (it is kept as kingdom because it refers to Saudi Arabia which is a kingdom). A relatively recent study identified a high rate of MDR Acinetobacter baumannii bacteremia in the southern region of Saudi Arabia, with approximately 50% of isolates classified as extensively drug-resistant isolates. These isolates were found to be sensitive to colistin but resistant to all other commonly used treatment options [25].



Regarding our locality, the problem of AMR bacteria especially MDROs has seldom been comprehensively addressed in Jeddah, in the western province of the kingdom as only a few studies have investigated the prevalence of AMR bacteria. These studies did not display the correlation of microbiological findings with clinical data of patients who had AMR bacteria [26,27].



The magnitude, risk factors, and pattern of the MDR problem vary significantly among different populations and regions within the country. Moreover, the susceptibility patterns of pathogens can differ greatly between hospitals and even within different units within the same hospital [27]. Therefore, this study aimed to investigate the incidence, clinical and microbiologic characteristics, risk factors, and impact of MDROs on pediatric patients admitted to King Abdulaziz University Hospital (KAUH) in Jeddah, western Saudi Arabia.




2. Subjects and Methods


2.1. Study Design and Setting


This retrospective cross-sectional study was conducted at a tertiary-level university hospital. The study included pediatric patients under the age of 18 who were hospitalized at KAUH between October 2021 and November 2022 and had confirmed positive cultures of bacteria isolated from blood or body fluids. Hospitalized patients from any admission location, whether from the inpatient pediatric ward, pediatric intensive care unit (PICU), or neonatal intensive care unit (NICU), were included. The study received approval from the research ethics committee of KAUH on 16 May 2023 (reference number 278-23). However, obtaining written informed consent from patients, parents, or caregivers was not required.




2.2. Data Collection


Data were retrieved from patient medical records available at the hospital information system. A structured checklist was utilized to gather all necessary information, including demographic characteristics, clinical manifestations, comorbidities, diagnosed type of infection, laboratory findings of culture and sensitivity results, admission location (pediatric ward, PICU, or NICU), administered treatment (number and class of administered antimicrobial agents, need for mechanical ventilation/tracheal intubation, use of corticosteroids, parenteral nutrition, and blood products), complications, length of stay, and outcome (survival to discharge, readmission within 30 days and death). Data of indwelling catheters including central vascular lines, urinary catheters, and endotracheal tubes (ETT) or tracheostomies were also recorded.




2.3. Exclusion Criteria


Patients with isolated or combined fungal infections, mycobacterial tuberculosis, and protozoal infections were excluded to avoid the potential contributing effects of non-bacterial infections on the interpretation of data. This exclusion aimed to focus the analysis specifically on cases of isolated MDR bacterial infections. Additionally, culture-positive patients with incomplete data in their medical records were also excluded from the study.




2.4. Definition of MDROs


MDROs are those who exhibit acquired resistance to at least one agent in three or more antimicrobial classes [9].




2.5. Statistical Analysis


The data were analyzed using Statistical Package for Social Sciences (SPSS) software version 25 (IBM Corporation, Armonk, NY, USA). Nominal or categorical data were presented as numbers and percentages, while numeric data were presented as means, ranges, medians, and interquartile range (IQR). Chi-square (χ2) and Fisher exact tests were utilized to compare nominal variables, while the Mann–Whitney U test was employed to compare medians. A p value < 0.05 was considered as statistically significant.





3. Results


This study included 88 patients; 23 neonates, 27 infants, 30 children, and 8 adolescents with a median age of 11.5 month, IQR of 1.25–46.25 month, and range from 1 day to 13 years. Fifty-five patients (62.5%) were males, while 33 patients (37.5%) were females. Saudi and non-Saudi patients represented 43.2% and 56.8% of patients, respectively. The PICU and NICU were the admission places for 54.5% of patients, while 45.5% of patients were admitted into pediatric wards. Pneumonia/ventilator-associated pneumonia was the main type of diagnosed infection in 40.9% of patients followed by blood stream infection including early- and late-onset neonatal sepsis and catheter-associated blood stream infection (CABSI) in 20 out of 88 patients (22.8%). Mutidrug (Multidrug can be one word as in title)resistant infections were diagnosed in 37 patients (42.0%). Forty-two patients (47.7%) were considered to have nosocomial, healthcare, or hospital-acquired infections (HCAIs), which were typically absent at the time of admission but developed after hospitalization and manifested 48 h after admission. The majority of patients, 66/88 (75%), had different comorbidities, 36/88 patients (40.9%) required mechanical ventilation, 27/88 patients (30.7%) required central venous catheter, and 48/88 patients (54.5%) required treatment with corticosteroids or blood products. Regarding the outcomes of patients, 47/88 (53.4%) survived to discharge, and 14/88 (15.9%) died. The demographic and clinical characteristics of 88 pediatric patients with positive cultures of bacterial isolates admitted at KAUH between October 2021 and November 2022 are presented in Table 1.



Forty-nine patients had a single culture, while 39 patients had multiple cultures. A total of 1749 cultures were performed for pediatric patients hospitalized at KAUH during the same period of the study. Four-hundred and forty-one cultures were positive for bacterial isolates. Multidrug-resistant bacteria represented 223/1749 (12.8%) of the total cultures and 223/411 (54.3%) of the positive cultures. The most commonly isolated organisms were Klebsiella pneumoniae in 122 cultures (29.7%), coagulase negative staphylococci (CONS) mainly Staphylococcus epidermidis in 67 cultures (16.3%), and MRSA in 61 cultures (14.8%). The main two sites of isolated organisms were the blood stream and CABSI in 42.8% of patients followed by the respiratory tract and ETT in 30.7% of patients. For Klebsiella pneumoniae, 62/122 (50.8%) were ESBL, 57/122 (46.7%) were Carbapenem resistant (CRE), and 3/122 (2.5%) were neither CRE nor ESBL. Extensively drug-resistant (XDR) Klebsiella pneumoniae was isolated from the respiratory tract and blood in 45 out of 122 cultures (36.9%), mainly from four male patients (three neonates with congenital heart disease and one 4-year-old child with heart disease and diabetes mellitus). These four patients had long hospital stays ranging from 67 to 127 days, one neonate survived to discharge, one neonate died, and the other two patients were readmitted to hospital within 30 days. For Enterococcus faecium, 3/28 (10.7%) were Vancomycin-resistant enterococci (VRE), and 25/28 (89.3%) were not VRE. For Escherichia coli, 17/26 (65.4%) were ESBL, 3/26 (11.5%) were CRE, and 6/26 (23.1%) were neither CRE nor ESBL. Regarding the sites of isolation of the most commonly detected organisms, Klebsiella pneumoniae: 52/122 (42.6%) were from blood, 36/122 (29.5%) were from the respiratory sample, and 23/122 (18.9%) were from urine. For Coagulase negative staphylococci, mainly Staphylococcus epidermidis, 52/67 (77.6%) were from blood and 7/67 (10.4%) were from the respiratory sample, and for MRSA, 24/61 (39.3%) were from blood, 18/61 (29.5%) were from the respiratory sample, and 13/61 (21.3%) were from soft tissues. Culture and sensitivity data of the 411 cultures are presented in Table 2.



A comparison between patients with and without MDRI is presented in Table 3. Patients with MDRI had significantly higher prevalence rates of low weight for age (75.7% vs. 47.1%, p = 0.02) and death (12/37 (32.4%) vs. 2/51 (3.9%), p = 0.001). No significant differences were detected between patients with and without MDRI regarding other studied variables.



A comparison between 223 cultures with MDROs and 188 cultures without MDROs revealed a significant difference regarding the isolated organisms (p < 0.0001). Klebsiella pneumoniae was isolated from 39.5% of the MDR cultures compared to 18.1% of the non-MDR cultures. On the other hand, CONS was isolated from only 11.7% MDRI cultures compared to 21.8% of the non-MDRI cultures. Acinetobacter baumannii was isolated from 3.6% of MDRI cultures, while it was not isolated from any non-MDRI culture. No significant difference was observed between both groups regarding the sites of isolated organisms. Table 4 shows the detailed comparison between MDR and non-MDR cultures.



No significant difference was found between the median age and IQR for patients with and without MDRI (7.5 (0.84–29) months versus 17 (2.0–60) months, and p = 0.08). Additionally, there was no significant difference between patients with and without MDRI regarding the duration of hospital admission (p = 0.79), number of cultures (p = 0.99), or number of antibiotics used in treatment (p = 0.88).



Regarding the outcomes, patients who died had significantly younger age and longer duration of admission than patients who were readmitted to hospital within 30 days (p = 0.02 and p = 0.03), respectively. Also, patients who died had significantly longer durations of admission, more cultures, and utilized greater numbers of antibiotics than the surviving patients (p = 0.02, p = 0.01 and p = 0.04), respectively. A comparison between deceased patients and patients who survived or were readmitted to hospital within 30 days is presented in Table 5.




4. Discussion


Antibiotic resistance is a global phenomenon, affecting healthcare systems worldwide. The rise in resistance rates varies among different regions and pathogens. “Superbugs” or MDRO are of paramount importance, as they pose a major threat to global health by challenging modern medicine as humans enter the post-antibiotic era [28].



Infectious diseases are responsible for approximately 60% of deaths among children, mostly because of their immature immune system. The use of antibiotics in children is also considered a double-edged sword. Studies have indicated a high susceptibility of children to MDRO infections, with Gram-negative bacterial infections constituting a significant portion at 67.98%. Among these, ESBL-producing Escherichia coli and Klebsiella pneumoniae are frequently identified. Moreover, MRSA poses a significant threat as a potential serious bacterial infection in children [29].



In Saudi Arabia, studies have documented escalating rates of antibiotic resistance and MDRI [19,21,22,23,24,25,30,31,32]. There is a need for periodical evaluation of the magnitude and risk factors of MDROs to adapt an appropriate prevention and control strategy. Therefore, this study was conducted to have an update on the incidence, clinical and microbiologic features, risk factors, and impact of MDROs on pediatric patients admitted at KAUH.



In this study, 411 cultures were positive for bacterial isolates in 88 pediatric patients hospitalized at KAUH between October 2021 and November 2022 as 39/88 patients have multiple cultures. The patients included 23 neonates, 27 infants, 30 children, and 8 adolescents with a median age of 11.5 month, and an IQR of 1.25–46.25. MDROs represented only 223/1749 (12.8%) of the total cultures performed for hospitalized pediatric patients during the same period of the study. However, MDROs were identified in a significant proportion of patients 37/88 (42%) and in more than half of cultures 223/411 (54.3%), representing the alarming serious problem of MDRI and its adverse consequences in pediatric patients hospitalized at KAUH. Nosocomial or HCAI was considered in 42/88 of total patients (47.7%) and in 16/37 (43.2%) of patients with MDROs. At KAUH, standard precautions for infection prevention and control are mainly adopted from CDC and the Healthcare Infection Control Practices Advisory Committee, and an antibiotic stewardship program, including infectious disease consultation, is implemented with a moderate level of compliance with the standard precautions [33]. Similar trends have been reported for MDROs in China, where the prevalence of MRSA stands at approximately 35%, the prevalence of ESBL-producing Escherichia coli is still higher than 55%, the prevalence of carbapenem-resistant Pseudomonas aeruginosa persisted at 20% over time, and the prevalence of carbapenem-resistant Acinetobacter baumannii has constantly increased to 60% [34].



However, the prevalence of MDROs is lower than the reported MDR Gram-negative bacteria of 89.5% in Ghana [35] and MDR hospital-associated infections of 52% in PICU of a university hospital in Thailand [36], but it is (it is used because it refers to prevalence) higher than the reported MDROs of 9.2% in Egypt [37]. It is clearly evident that there is marked variation in the prevalence of MDROs which can be attributed to differences in demographic characteristics, sample size, place of admission within the hospital, and implementation of infection control measures. However, whatever the rate of MDROs, it seems that MDROs and their consequences are a major threat and serious concern particularly that MDROs’ prevalence is expected to continually rise globally.



In this study, the median and IQR for patients with MDRI was 7.5 and (0.84–29) months, 24/37 (64.9%) were males, 36/37 (97.3%) patients were neonates, infants, or children, and more than half of patients 21/37 (56.7%) were admitted either in the PICU or NICU. Pneumonia/ventilator-associated pneumonia was the main type of diagnosed infection with isolated MDROs from respiratory samples in 14/37 patients (37.8%) followed by the same rate of isolated MDROs in 8/37 patients (21.6%) in both blood streams including in early and late onset and CABSI and urine. Similarly, these findings were recorded in a relatively recent study from Egypt, as 61.5% of patients with MDRI in PICU had ages of less than 1 year, but only 50% of patients were males, and sputum samples were the most common site of isolated MDROs (59.3%) followed by blood (31.2%) and urine (9.4%) [37].



In this study, insignificant differences were detected in the demographic and for other risk factors between patients with and without MDROs (Table 3), except for low weight for age which was significantly lower in patients with MDROs compared to patients without MDROs (p = 0.02, Table 3). This can be explained by the special characteristics of the included patients, as more than half of the total patients 48/88 (54.5%) were critically ill patients admitted in either the NICU or PICU including closely similar proportions of patients with MDROs, 21/37 (56.8%), and patients without MDROs, 27/51 (52.9%) (Table 3). Moreover, these two groups of critically-ill patients with or without MDROs demonstrated statistically insignificant differences in known risk factors for MDROs, such as initial underlying comorbidities, previous antibiotic use, and need for mechanical ventilation and central vascular line insertion.



Interestingly, low weight for age was the only significant and determinant risk factor associated with MDROs. Low weight for age is an evident indicator and closely correlated with undernutrition. Undernutrition in children is strongly associated with elevated morbidity and mortality rates, primarily due to the increased incidence of severe infections. Undernutrition is a widely recognized critical factor and a common cause of secondary immune deficiency, particularly affecting T-cell-mediated immune responses. Undernourished children exhibit significantly reduced expression levels of key cytokines involved in T-cell function, including IFN-γ, IL-2, IL-12, IL-18, and IL-21 (Th1 cytokines), compared to well-nourished children [38,39].



Consistent with the findings of this study, another investigation specifically highlighted that bacteremia, particularly when caused by MDR bacteria, is associated with increased morbidity and mortality rates in malnourished children under 5 years of age [40].



A recent study revealed a high incidence of intestinal carriage and invasive infection with intestinal-derived MDROs, including ESBL- and carbapenemase-producing Enterobacterales, in malnourished children. The risk of infection with intestinal-derived organisms is heightened in cases of undernutrition due to impairments in intestinal mucosal barrier function and innate and adaptive immunity. The interplay between intestinal microbiota and diet influences nutritional status with significant impact on infectious outcomes [41]. A vicious cycle between nutrition and infection is elicited, where undernutrition compromises barrier function, facilitating easier access by pathogens, and impairing immune function, reducing the host’s ability to eliminate pathogens, predisposing them to infections. On the other hand, infections can alter nutritional status by affecting nutrient requirements, dietary intake, and absorption. Thus, the presence of infections can exacerbate the severity of the undernourished state which leads to persistent or recurrent infections, and the cycle continues. The global burden of undernutrition and infectious diseases is substantial, especially among children with a particularly increased risk of antimicrobial resistance mostly related to increased exposure to HCAIs and antimicrobials [42]. Consequently, in this study, it can be expected that not only low weight for age or undernutrition was a significant risk factor of MODROs, but MDROs could exacerbate the severity of undernutrition leading to more severe persistent or recurrent MDRI, resulting in adverse outcome especially among patients who had a prolonged hospital stay and fatal outcome.



In this study, the most important detected significant difference was related to the outcome of patients as the mortality rate was statistically significantly higher (p = 0.001) in patients with MDROs (32.4%) than in patients without MDROs (only 3.9%), Table 3. A closely similar mortality rate was reported in another study, as 34.6% of patients with MDROs died [36]. The fatal outcome and several problems associated with MDROs as well as their expected future serious consequences have been demonstrated in multiple studies [10,11,13]. Similarly, in this study, patients who died including 12/14 patients (85.7%) with MDROs had significantly longer durations of admission, more cultures, and utilized a greater number of antibiotics than surviving patients (p = 0.02, p = 0.01 and p = 0.04), respectively (Table 5). However, it is difficult to conclude whether the longer hospital stays associated with MDROs is the cause/risk factor or the effect of infection with MDROs.



Although most well-known risk factors for MDROs except low weight for age were not significantly different between patients with and without MDROs, MDROs were associated with a significantly fatal outcome which is an extremely alarming finding necessitating the proper management of MDROs with high levels of specialized healthcare resources, including laboratory diagnostics, antimicrobial stewardship programs, proper surveillance, and implementation of infection control measures in view of the currently limited antibiotic options to treat MDR bacteria.



Regarding culture and sensitivity data, significant differences in isolated MDROs were found (p = 0.001, Table 4). Klebsiella pneumoniae was significantly more isolated from 39.5% of the MDR cultures compared to 18.1% of the non-MDR cultures. Acinetobacter baumannii was significantly more isolated from 3.6% MDR cultures, but it was not isolated from any non-MDR culture. CONS was significantly more isolated from 21.8% of non-MDRI cultures compared to only 11.7% of MDRI. Rezk et al. [37] reported that the most prevalent MDR isolated organisms in PICU were Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas with 50%, 42.8%, and 7.1%, respectively. Wang et al. [43] reported that the most common isolated resistant organisms were Acinetobacter baumannii, MRSA, and Pseudomonas in 35.4%, 30.4%, and 27.8% of PICU cases, respectively.



Despite the fact that this is a single-center study, it is worth mentioning its strength points. Firstly, it is one of few comprehensive studies conducted in our locality to provide a recent update on the status of the seriously alarming problem of MDROs in hospitalized pediatric patients. Secondly, it provided updated information on the incidence of MDROs with a correlation of patients’ demographic, clinical, risk factors, and impact of MDROs to microbiologic culture and sensitivity data in a considerable number of patients, including the different pediatric age groups (from neonates to adolescents) admitted at different places within the hospital (inpatient wards, NICU, and PICU). Finally, this study contributes valuable insights from Saudi Arabia, an area outside the geographical scope of previous relevant studies, which have primarily focused on regions such as the USA, Europe, and China.



However, the limitations of this study should be mentioned. Firstly, it is a single-center retrospective study, which may limit the generalizability of the findings to other settings. Secondly, there is a lack of long-term follow-up of the studied group, which restricts the ability to assess outcomes over time. Additionally, it is challenging to determine whether certain variables, such as low weight for age and prolonged hospital stay, which were significantly associated with MDROs, are causes/risk factors or effects of infection with MDROs in hospitalized pediatric patients.




5. Conclusions


This study revealed that the presence of MDROs is a significant HCAI problem and a major threat, especially among critically ill pediatric patients admitted at the NICU and PICU of KAUH, Jeddah, western Saudi Arabia. The incidence of MDROs between October 2020 and November 2021 was relatively high, as MDROs were identified in a significant proportion of patients 37/88 (42%) and in more than half of cultures 223/411 (54.3%) representing the alarming serious problem of MDROs and its adverse consequences in hospitalized pediatric patients. Pneumonia/ventilator-associated pneumonia was the main type of diagnosed infection with isolated MDROs from respiratory samples in 14/37 patients (37.8%). Klebsiella pneumonia was the most common significantly isolated MDRO in 39.5% of the MDR cultures. Extensively drug-resistant Klebsiella pneumoniae was isolated from the respiratory tract and blood in 45 out of 122 cultures (36.9%) mainly from four critically ill male patients. Interestingly, low weight for age emerged as the sole significant and determining risk factor associated with MDROs, which was significantly lower in patients with MDROs compared to patients without MDROs (p = 0.02). MDROs had a serious impact on hospitalized pediatric patients as the mortality rate was statistically significantly higher (p = 0.001) in patients with MDROs (32.4%) than in patients without MDROs (only 3.9%), and patients who died including 12/14 patients (85.7%) with MDROs had significantly longer admission durations, more cultures, and utilized a larger number of antibiotics than surviving patients (p = 0.02, p = 0.01, and p = 0.04).
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Table 1. Demographic and clinical characteristics of 88 pediatric patients with positive cultures of bacterial isolates admitted at KAUH between October 2021 and November 2022.
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Variables

	
Number

	
%






	
Age category (Median age 11.5, IQR: 1.25–46.25 mo, Range: 1 day–13 years)




	
Neonate

	
23

	
26.1




	
Infant

	
27

	
30.7




	
Child

	
30

	
34.1




	
Adolescent

	
8

	
9.1




	
Gender




	
Males

	
55

	
62.5




	
Females

	
33

	
37.5




	
Residence




	
Jeddah

	
82

	
93.2




	
Makkah

	
5

	
5.7




	
Taif

	
1

	
1.1




	
Nationality




	
Saudi

	
38

	
43.2




	
Non-Saudi

	
50

	
56.8




	
Place of admission




	
In-patient ward

	
40

	
45.5




	
PICU

	
29

	
32.9




	
NICU

	
19

	
21.6




	
Weight for age




	
Low weight for age

	
52

	
59.1




	
Normal weight for age

	
32

	
36.4




	
High weight for age

	
4

	
4.5




	
Mutidrug-resistant infections

	
37

	
42.0




	
Nosocomial or healthcare-associated infection

	
42

	
47.7




	
Diagnosed type of infection




	
Pneumonia/ventilator-associated pneumonia

	
36

	
40.9




	
Multiple-site infection (pneumonia and meningitis)

	
4

	
4.5




	
Early-onset neonatal sepsis

	
8

	
9.1




	
Late-onset neonatal sepsis

	
5

	
5.7




	
Skin and soft tissue infection

	
7

	
8.0




	
Central nervous system infections

	
5

	
5.7




	
Urinary tract infections

	
15

	
17.0




	
Gastrointestinal infections (peritonitis)

	
1

	
1.1




	
Catheter-associated blood stream infection

	
7

	
8.0




	
Comorbidities




	
None

	
22

	
25.0




	
Cardiovascular disease

	
29

	
33.0




	
Neurologic disease

	
8

	
9.1




	
Malignancy

	
11

	
12.5




	
Renal disease

	
9

	
10.2




	
Pulmonary disease

	
4

	
4.5




	
Diabetes mellitus

	
1

	
1.1




	
Hematologic disease (SCA)

	
1

	
1.1




	
Liver disease

	
3

	
3.4




	
Previous antibiotic use in the preceding 3 months

	
13

	
14.8




	
Mechanical ventilation

	
36

	
40.9




	
Central vascular line

	
27

	
30.7




	
Need for treatment with steroids

	
48

	
54.5




	
Need for TPN

	
23

	
26.1




	
Need for blood products

	
48

	
54.5




	
Outcome




	
Survival to discharge

	
47

	
53.4




	
Readmission within 30 days

	
27

	
30.7




	
Death

	
14

	
15.9








KAUH: King Abdulaziz University Hospital, IQR: interquartile range, SCA: sickle cell anemia, TPN: total parenteral nutrition.













 





Table 2. Culture and sensitivity data of 411 cultures for 88 pediatric patients admitted at KAUH between October 2021 and November 2022.
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	Variables
	Number
	%





	Number of cultures/patient (Median: 2, IQR: 1–4)
	
	



	Single culture/patient
	49
	55.7



	Multiple cultures/patient
	39
	44.3



	Multidrug-resistant cultures
	223
	54.3



	Isolated organisms
	
	



	Klebsiella pneumoniae
	122
	29.7



	Coagulase negative staphylococci mainly S. epidermidis
	67
	16.3



	Methicillin resistant staphylococcus aureus
	61
	14.8



	Enterobacter coloaca
	8
	1.9



	Escherichia coli
	26
	6.3



	Enterococcus gallinarum
	2
	0.5



	Diphtheroids
	5
	1.2



	Enterococcus faecium
	28
	6.8



	Streptococcus mitis
	3
	0.7



	Salmonella
	3
	0.7



	Serratia marcescens
	11
	2.7



	Pseudomonas aeruginosa
	36
	8.8



	Staphylococcus aureus
	16
	3.9



	Streptococcus viridans
	2
	0.5



	Acinetobacter baumannii
	8
	1.9



	Stenotrophomonas maltophilia
	10
	2.4



	Chryseobacterium meningosepticum
	1
	0.2



	Enterobacter aerogenes
	2
	0.5



	Sites of isolated organisms
	
	



	Respiratory tract and ETT
	126
	30.7



	Blood stream and CABSI
	176
	42.8



	Skin and soft tissue
	40
	9.7



	Urine/urinary catheter
	59
	14.4



	Peritoneal fluid
	6
	1.5



	CSF
	4
	1.0







KAUH: King Abdulaziz University Hospital, IQR: interquartile range, ETT: endotracheal tube, CABSI: catheter-associated blood stream infection, CSF: cerebrospinal fluid.













 





Table 3. Comparison between pediatric patients with and without isolated multidrug-resistant infectious organisms (MDROs) admitted at KAUH between October 2021 and November 2022.
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Variables

	
Patients with MDRI

(N = 37)

	
Patients without MDRI

(N = 51)

	
Test *




	
Number

	
%

	
Number

	
%

	
X2

	
p






	
Age category (Median age 11.5, IQR: 1.25–46.25 mo, Range: 1 day–13 years)

	
4.6

	
0.20




	
Neonate

	
12

	
32.4

	
11

	
21.6




	
Infant

	
13

	
35.1

	
14

	
27.5




	
Child

	
11

	
29.7

	
19

	
37.3




	
Adolescent

	
1

	
2.7

	
7

	
13.7




	
Gender

	

	

	

	

	
0.15

	
0.69




	
Males

	
24

	
64.9

	
31

	
60.8




	
Females

	
13

	
35.1

	
20

	
39.2




	
Residence

	

	

	

	

	
2.15

	
0.34




	
Jeddah

	
33

	
89.2

	
49

	
96.1




	
Makkah

	
3

	
8.1

	
2

	
3.9




	
Taif

	
1

	
2.7

	
0

	
0.0




	
Nationality

	

	

	

	

	
0.19

	
0.66




	
Saudi

	
17

	
45.9

	
21

	
41.2




	
Non-Saudi

	
20

	
54.1

	
30

	
58.8




	
Place of admission

	

	

	

	

	
0.29

	
0.86




	
In-patient ward

	
16

	
43.2

	
24

	
47.1




	
PICU

	
12

	
32.4

	
17

	
33.3




	
NICU

	
9

	
24.3

	
10

	
19.6




	
Weight for age

	

	

	

	

	
8.4

	
0.02




	
Low weight for age

	
28

	
75.7

	
24

	
47.1




	
Normal weight for age

	
9

	
24.3

	
23

	
45.1




	
High weight for age

	
0

	
0.0

	
4

	
7.8




	
Nosocomial or healthcare-associated infection

	
16

	
43.2

	
26

	
51.0

	
0.52

	
0.47




	
Diagnosed type of infection

	

	

	

	

	
11.8

	
0.23




	
Pneumonia/ventilator-associated pneumonia

	
14

	
37.8

	
22

	
43.1




	
Multiple-site infection (pneumonia and meningitis)

	
2

	
5.4

	
2

	
3.9




	
Early-onset neonatal sepsis

	
4

	
10.8

	
4

	
7.8




	
Late-onset neonatal sepsis

	
3

	
8.1

	
2

	
3.9




	
Skin and soft tissue infection

	
2

	
5.4

	
5

	
9.8




	
Central nervous system infections

	
3

	
8.1

	
2

	
3.9




	
Urinary tract infections

	
8

	
21.6

	
7

	
13.7




	
Gastrointestinal infections (peritonitis)

	
0

	
0.0

	
1

	
2.0




	
CABSI

	
1

	
2.7

	
6

	
11.8




	
Comorbidities

	

	

	

	

	
4.4

	
0.82




	
None

	
9

	
24.3

	
13

	
25.5




	
Cardiovascular disease

	
15

	
40.5

	
14

	
27.5




	
Neurologic disease

	
4

	
10.8

	
4

	
7.8




	
Malignancy

	
3

	
8.1

	
8

	
15.7




	
Renal disease

	
4

	
10.8

	
5

	
9.8




	
Pulmonary disease

	
1

	
2.7

	
3

	
5.9




	
SLE under systemic steroids with DM

	
0

	
0.0

	
1

	
2.0




	
Hematologic disease (SCA)

	
0

	
0.0

	
1

	
2.0




	
Liver disease

	
1

	
2.7

	
2

	
3.9




	
Previous antibiotic use in the preceding 3 months

	
6

	
16.2

	
7

	
13.7

	
0.11

	
0.75




	
Mechanical ventilation

	
17

	
45.9

	
19

	
37.3

	
0.67

	
0.41




	
Central vascular line

	
10

	
27.0

	
17

	
33.3

	
0.40

	
0.53




	
Need for treatment with steroids

	
22

	
59.5

	
26

	
51.0

	
0.62

	
0.43




	
Need for TPN

	
13

	
35.1

	
10

	
19.6

	
2.68

	
0.10




	
Need for blood products

	
16

	
43.2

	
32

	
62.7

	
3.29

	
0.07




	
Outcome

	

	

	

	

	
14.10

	
0.001




	
Survival to discharge

	
18

	
48.6

	
29

	
56.9




	
Readmission within 30 days

	
7

	
18.9

	
20

	
39.2




	
Death

	
12

	
32.4

	
2

	
3.9








* Chi-Square test. MDRI: Multidrug-resistant infections. KAUH: King Abdulaziz University Hospital, IQR: interquartile range, CABSI: catheter-associated blood stream infection, SCA: sickle cell anemia, TPN: total parenteral nutrition.













 





Table 4. Comparison between positive cultures with and without multidrug-resistant bacterial isolates (MDRI) in pediatric patients hospitalized at KAUH between October 2020 and November 2021.
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Variables

	
Cultures with MDRI

(N = 223)

	
Cultures without MDRI

(N = 188)

	
Test *




	
Number

	
%

	
Number

	
%

	
X2

	
p






	
Number of cultures/patient (Median: 2, IQR: 1–4)

	

	

	

	

	
0.03

	
0.86




	
Single culture/patient

	
21

	
56.8

	
28

	
54.9




	
Multiple cultures/patient

	
16

	
43.2

	
23

	
45.1




	
Isolated organisms

	

	

	

	

	
46.01

	
<0.0001




	
Klebsiella pneumoniae

	
88

	
39.5

	
34

	
18.1




	
Coagulase negative staphylococci (Staphylococcus epidermidis)

	
26

	
11.7

	
41

	
21.8




	
Methicillin resistant staphylococcus aureus

	
27

	
12.1

	
34

	
18.1




	
Enterobacter coloaca

	
5

	
2.2

	
3

	
1.6




	
Escherichia coli

	
10

	
4.5

	
16

	
8.5




	
Enterococcus gallinarum

	
0

	
0.0

	
2

	
1.1




	
Diphtheroids

	
2

	
0.9

	
3

	
1.6




	
Enterococcus faecium

	
15

	
6.7

	
13

	
6.9




	
Streptococcus mitis

	
2

	
0.9

	
1

	
0.5




	
Salmonella

	
0

	
0.0

	
3

	
1.6




	
Serratia marcescens

	
0

	
0.0

	
7

	
3.7




	
Pseudomonas aeruginosa

	
21

	
9.4

	
15

	
8.0




	
Staphylococcus aureus

	
9

	
4.0

	
7

	
3.7




	
Streptococcu viridans

	
1

	
0.4

	
1

	
0.5




	
Stenotrophomonas maltophilia

	
5

	
2.2

	
5

	
2.7




	
Chryseobacterium meningosepticum

	
0

	
0.0

	
1

	
0.5




	
Acinetobacter baumannii

	
8

	
3.6

	
0

	
0.0




	
Enterobacter aerogenes

	
0

	
0.0

	
2

	
1.1




	
Sites of isolated organisms

	

	

	

	

	
10.78

	
0.05




	
Respiratory tract and ETT

	
80

	
35.9

	
46

	
24.5




	
Blood stream and CABSI

	
83

	
37.2

	
93

	
49.5




	
Skin and soft tissue

	
23

	
10.3

	
17

	
9.0




	
Urine/urinary catheter

	
34

	
15.2

	
25

	
13.3




	
Peritoneal fluid

	
2

	
0.9

	
4

	
2.1




	
CSF

	
1

	
0.4

	
3

	
1.6








* Chi-Square test. MDRI: Multidrug-resistant infections, KAUH: King Abdulaziz University Hospital, IQR: interquartile range, ETT: endotracheal tube, CABSI: catheter-associated blood stream infection, CSF: cerebrospinal fluid.













 





Table 5. Comparison between deceased patients, surviving patientsand patients who were readmitted to hospital within 30 days.
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Variables

	
Surviving Patients

(N = 47)

	
Readmitted Patients

(N = 27)

	
Deceased Patients

(N = 14)

	
Test *




	
Z

	
p






	
Age

	

	

	

	
Z1 = 1.04

	
p1 = 0.29




	
(Median and IQR) month

	
10 (1–24)

	
36 (7–79)

	
2 (0.37–54.75)

	
Z2 = 2.24

	
p2 = 0.02




	
Duration of hospital admission

	

	

	

	
Z1 = 2.39

	
p1 = 0.02




	
(Median and IQR) day

	
22 (14–56)

	
23 (11–47)

	
81 (21–191)

	
Z2 = 2.19

	
p2 = 0.03




	
Number of cultures

	

	

	

	
Z1 = 2.47

	
p1 = 0.01




	
(Median and IQR)

	
2 (1–3)

	
2 (1–4)

	
6 (2–14)

	
Z2 = 1.82

	
p2 = 0.07




	
Number of antibiotics used in treatment

	

	

	

	
Z1 = 2.02

	
p1 = 0.04




	
(Median and IQR)

	
3 (2–5)

	
3 (2–5)

	
5 (3–7)

	
Z2 = 1.87

	
p2 = 0.06








* Mann–Whitney U test. IQR: Interquartile range, Z1 and p1 for comparing between surviving and deceased patients. Z2 and p2 for comparing between deceased patients and patients readmitted to hospital within 30 days.
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