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Objectives: This study aimed to determine the epidemiology of nosocomial infections (NIs) in a pediatric intensive 

care unit and define the risk factors associated with NIs. 

Methods: We performed a prospective descriptive and analytical monocentric study on the incidence of NIs in the 

pediatric intensive care unit between July 2021 and May 2022. Children with NIs (cases) were compared with 

matched controls without NIs. 

Results: We analyzed 396 patients; 102 had NIs. The global incidence of NIs is 44.7% (incidence density of 10.6 

per 1000 days of hospitalization). The incidence densities of blood stream infection, pneumonia associated with 

mechanical ventilation, and urinary tract infection were 10 per 1000 days of central venous catheter use, 7.2 per 

1000 of mechanical ventilation use, and 11.1 per 1000 days urinary catheter use. The overall microbiological 

profile of NIs is dominated by gram-negative bacilli in 78%, followed by gram-positive cocci in 13%. The most 

common agents in sepsis were Klebsiella pneumoniae . In pneumonias, Acinetobacter Baumanii was the most common 

cause, and, in urinary tract infection, the most frequent agents were gram-negative bacteria, especially Escherichia 

coli (33.3%). The presence of NIs was associated with a long period of hospitalization, use of invasive devices 

(central venous catheter, mechanical ventilation, and bladder catheters), and use of antibiotics. 

Conclusions: The incidence of NIs acquired in this unit was high and was associated with extrinsic and intrinsic 

factors. 
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Nosocomial infection (NI) or health care–associated infection (HAI)

s a systemic condition resulting from the adverse effect of the presence

f infectious agents or their toxins. They are a major public health prob-

em due to the cost and the morbidity and mortality they cause. They are

articularly common in the intensive care unit (ICU) due to the patient’s

ecreased immune defenses and the increasing number of invasive pro-

edures. NIs remain a dreaded complication in children, especially in

ewborns, because they result in significant morbidity, considerable ex-

ess cost of care, and a non-negligible mortality rate. 

The pediatric ICU (PICU) in Marrakech is composed of 12 boxes and

3 beds. Each box is equipped with a handwashing station and hydroal-

oholic solutions. 

The medical team of the service is composed of five senior doc-

ors, interns, and residents. The paramedical team is composed of a
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ead nurse, 12 nurses, a pharmacy manager, and a physiotherapist. The

urse-patient ratio is 1:3 in the morning, 1:4 in the afternoon, and 1:6

n the evening. 

The service caters to infants and children under the age of 15 years

ho present with or are at risk of developing one or more acute organ

ailures related to a medical or surgical condition that directly threatens

heir vital prognosis and necessitates the use of supportive measures.

he service also caters to newborns with surgical conditions requiring

urgery to ensure optimal medical management during and after the

urgical procedure. 

This study aimed to describe the epidemiology of NIs in the PICU,

escribe the characteristics of the study population, analyze the mi-

roorganisms responsible and their resistance profiles, and determine

he morbidity and mortality associated with NIs. The results of this study

an contribute to the development of realistic, rapid, and adapted strate-

ies for the prevention and control of NIs in the PICU. 
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Figure 1. Distribution of microorganisms responsible for nosocomial infection. 

GNB, gram-negative bacilli; GNC, gram-negative cocci; GPC, gram-positive 

cocci. 
aterials and methods 

This is a prospective, descriptive, and analytical monocentric study

onducted using the medical records of children hospitalized in the PICU

ver a period of 11 months, from July 2021 to May 2022. The study pop-

lation includes all children admitted to the PICU in Marrakech during

he study period. The study included children aged from birth to 14

ears who stayed in the PICU for more than 48 hours and developed

ne or more NIs based on the diagnostic criteria defined by the modi-

ed Atlanta Centers for Disease Control and Prevention 2008 [ 1 ]. 

Patients transferred to the PICU for a severe infectious pathology

community or nosocomial) documented in the originating service were

nly included in the study if they developed an infection with other

icroorganisms during their stay in the PICU. Patients excluded from

he study are those whose length of hospitalization was less than 48

ours and/or did not meet the selected diagnostic criteria. 

For each patient, the following parameters were recorded: socio-

emographic variables including age, gender (male or female), and

ource of admission (emergency, another hospital department, or an-

ther facility); clinical variables including comorbidities, reason for

dmission, technical procedures used for care (endotracheal intuba-

ion, urinary catheterization, central and/or peripheral venous access,

rains), site of infection (respiratory, digestive, urinary, surgical site),

icroorganisms found in biological samples at the site of infection, and

heir antibiotic sensitivities; and patient outcomes, including length of

tay in the ICU and clinical outcome (survival or death). 

The data were recorded on a pre-established and pretexted collection

orm. The information was then entered into a spreadsheet (Excel) for

reparation and analysis. Statistical analysis was performed using SPSS

6.0 software for Windows. 

A P -value less than 0.05 was considered significant. Quantitative

ata were expressed as mean and SD, whereas qualitative data were pre-

ented as number and percentage of patients. The Pearson chi-squared

est was performed for each categorical variable, and Student’s t -test

as used for continuous variables. Odds ratios and their 95% confidence

ntervals, obtained by Fisher’s exact test, were used to establish the re-

ationship between associated factors and NIs. The level of statistical

ignificance was set at 0.05. 

esults 

atient’s characteristics 

The results of the study conducted on 396 patients show that 102

atients had NIs. The highest rate of NIs was found in patients aged over

 years, followed by those aged under 1 month (neonates). The median

ge was 2.5 years (2-4). Male patients were predominant, accounting

or 57%, with a sex ratio of 1.32. The main reasons for admission were

urgical pathologies, including esophageal atresia and acute abdomen,

nd traumatic pathologies, such as severe trauma and thermal burns. 

Patients who had NIs had a significantly longer stay in the ICU than

hose without NIs (median of 13 days vs 2 days, with a significant P

 0.005). Of the patients who had NIs, 21.6% were under antibiotic ther-

py for an infectious pathology before admission to the ICU ( P < 0.005).

I sites 

The incidence rate of NIs was 44.7%, with a density of incidence

f 10.6 per 1000 hospitalization days. There were 177 episodes of NIs

n the 102 infected patients, with a ratio of infection to infected of 1.73

nd a total hospitalization period of 1658 days. Bacteremia was the most

redominant NI, accounting for 44% of cases, followed by nosocomial

neumonia at 30%, then surgical site infections, infections in burned

atients, and urinary tract infections (UTIs), with a percentage of 7%

ach. 
2

The incidence of bacteremia was 19.9%, with a density of incidence

f 20 per 1000 central venous catheter days. The incidence of catheter-

elated infections complicated with nosocomial bacteremia or not was

.04%, and 67.6% of patients who had at least one episode of HAI had

 central venous catheter, making it a risk factor for HAIs ( P < 0.005). 

The incidence of nosocomial pneumonia in the series was 13.6%,

ith a density of incidence of 7.2 per 1000 mechanical ventilation days.

f the patients who had at least one episode of HAI, 82.4% were ven-

ilated for more than 48 hours, making mechanical ventilation a risk

actor for NIs ( P < 0.005). 

The incidence of UTIs was 3.2%, with a density of incidence of 11.1

er 1000 urinary catheterization days. Furthermore, 84.3% of patients

ith a HAI were catheterized for more than 48 hours ( P < 0.005), mak-

ng urinary catheterization a risk factor for HAIs. The incidence of skin

nfections in patients with burns was 3.53% and 4.3% for surgical site

nfections (the actual intraoperative surgical site cultures and wound

wabs from infected surgical wounds). 

linical symptoms 

The clinical symptoms were fever in 90% of patients, and the hemo-

ynamic signs were mainly marked by tachycardia in 80% of cases.

mong the cutaneous manifestations of NIs, there were mottling in 60%

f patients and scleroderma in neonates. In patients on mechanical ven-

ilation, 92% had bronchial secretions that became purulent and abun-

ant, and 43% of patients had an aggravation of ventilatory parameters.

atients with a central venous catheter and who developed a catheter-

elated NI had local signs at the insertion site. The chest X-ray performed

n all patients on mechanical ventilation revealed the presence of an

lveolar syndrome in 45% of cases and interstitial pneumonia in 18%

f cases. 

icrobiological data 

Microbiological findings show 189 microorganisms, with gram-

egative bacilli dominating the microbiological profile and represent-

ng 78% of the identified germs. Enterobacteria occupied the first place,

ainly Klebsiella pneumoniae and Enterobacter cloacae , whereas non-

ermenting gram-negative bacilli were mainly represented by Acineto-

acter baumannii and Pseudomonas aeruginosa ( Figure 1 ). 

The distribution of microorganisms according to the site of infection

re presented in Tables 1–3 . 

icrobiological resistance 

The resistance of Enterobacteriaceae strains to aminopenicillins was

5% for Escherichia coli and 100% for E. cloacae and K. pneumoniae .

owever, aminoglycosides maintained good activity on the isolated En-

erobacteriaceae. No strain of E. coli resistant to aminoglycosides was



S. Younous, D. Nadifiyine, A. Yassine et al. IJID Regions 13 (2024) 100423

Table 1 

The distribution of microorganisms responsible for nosocomial bacteremia. 

Germ Number Percentage 

Gram-negative bacilli 69 87.3% 

Enterobacteriaceae 44 

-Klebsiella pneumoniae 33 

-Escherichia coli 3 

-Enterobacter cloacae 13 

-Enterobacter hormaichei 1 

-Enterobacter asburiae 1 

-Serratia marscesens 3 

-Citrobacter freundii 1 

Non-Fermenting gram negative bacilli 25 

-Acinetobacter baumanii 15 

-Acinetobacter jhonsonii 1 

-Pseudomonas aeruginosa 8 

-Stenotrophomonas maltofilia 1 

Gram positive cocci 8 10% 

-Staph coagulase negative 4 

-Enterococcus feacium 2 

-Streptococcus pneumoniae 2 

Yeasts 3 3.75% 

- Candida 3 

Table 2 

The distribution of microorganisms responsible for nosocomial pneumonia. 

Germ Number Percentage 

Gram-negative bacilli 48 69.56% 

Enterobacteriaceae 21 

-Klebsiella pneumoniae 13 

-Escherichia coli 1 

-Enterobacter cloacae 4 

-Enterobacter freundii 1 

-Enterobacter hormaichei 2 

Non-fermenting gram negative bacilli 27 

-Acinetobacter baumanii 19 

-Pseudomonas aeruginosa 6 

-Stenotrophomonas maltofilia 2 

Gram positive cocci 13 18.84% 

-Staphylocoque aureus 9 

-Streptocoque pneumoniae 4 

Gram negative bacilli 8 11.6% 

Hemophilus influenzae 7 

Moraxella catharralis 1 

Table 3 

The distribution of microorganisms responsible for urinary tract infections. 

Germ Number Percentage 

Gram-negative bacilli 3 33.3% 

Enterobacteriaceae 3 

- Escherichia coli 3 

Gram-positive cocci 4 44.5% 

-Enterococcus feacium 3 

-Enterococcus fecalis 1 

Yeasts 2 22.2% 

-Candida albicans 1 

-Candida tropicalis 1 
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escribed. All strains of E. coli were sensitive to imipenem, whereas 10%

f K. pneumoniae and 30% of E. cloacae strains produced carbapenemase.

Regarding non-fermenting gram-negative bacteria (GNB), all iso-

ated strains of A. baumannii were resistant to different classes of an-

ibiotics. Furthermore, all isolated strains were sensitive to colistin in

he standard antibiogram. For P. aeruginosa , in the family of aminogly-

osides, this germ showed 56% resistance to amikacin. This resistance

as lower for imipenem, which was only 12%. 

All isolated strains of Stenotrophomonas maltophilia were multi-

esistant and only sensitive to trimethoprim-sulfamethoxazole. 

Regarding gram-positive cocci, only 5% of methicillin-resistant

taphylococcus aureus were isolated in our study (View Table 4 ). 
3

reatment 

Antibiotic therapy was prescribed for our patients empirically based

n clinical and ecologic criteria. In 85%, the initial empirical antibiotic

herapy was maintained because it was adapted to the isolated germ. 

orbidity and mortality 

A total of 51% percent of deceased patients had at least one HAI;

herefore, NIs are a factor of excess mortality ( P < 0.005). A total of 6.1%

f deceased patients had at least one episode of catheter-related blood-

tream infections ( P < 0.005). A total of 34.3% of deceased patients had

t least one episode of nosocomial bloodstream infections during their

tay in the ICU, with a significant P -value ( P < 0.005). A total of 24.2%

f deceased patients had at least one episode of ventilator-associated

neumonia. 

More than 50% of patients who had an NI, especially with multi-

esistant germs, experienced clinical worsening complicated by septic

hock. A total of 50% of patients had an unfavorable outcome leading

o death. A total of 45% of patients showed clinical improvement after

eceiving appropriate treatment and antibiotic therapy and were trans-

erred to another hospital service. A total of 5% of our patients stayed

n the ICU for more than 45 days, with clinical improvement, and were

ischarged home. 

iscussion 

NI is a concerning phenomenon in developing countries health care

nits, especially in ICUs, due to its frequency, additional cost, and po-

ential impact on the prognosis of the initial condition. In recent years,

Is have become increasingly diverse and difficult to prevent, diagnose,

nd treat. 

In this study, 102 cases of NIs were found, representing an incidence

f 44.7%. NIs are frequent in neonatal and pediatric ICUs. In Europe, the

ncidence of NIs is 2.45% in a study conducted in Spain [ 2 ]. However,

n most low-resource countries, this incidence remains high and close

o the results of this study, such as 37% in Turkey [ 3 ] and 33.3% in

ietnam [ 4 ]. 

Regarding demographic data, a male predominance was observed in

ll studies [ 2–8 ]. The admission reasons for children who subsequently

eveloped NIs vary widely and are mainly related to the recruitment

abits of each ICU. In this study, surgical pathologies (esophageal atre-

ia in 26 cases, acute abdomen in 17 cases) were the most common, es-

ecially in newborns, followed by traumatic pathologies (severe trauma

nd burns) in 26 cases. 

The length of stay for patients with NIs differs between studies due to

he specificities of each service [ 3 , 4 , 6 , 8 ]. In this study, the median stay

or patients with NIs was 13 days, compared with 2 days for other hos-

italized patients in the service (significant with P < 0.005). The study

y Garcia in Spain also noted a long average stay of 18 days (1), which

emains high compared with other studies. 

Our PICU encompasses a broader range of critically ill children than

ther studies, including newborns with complex surgical conditions and

ongenital anomalies that necessitate extended hospitalization. 

Furthermore, our PICU manage patients with severe burns who re-

uire intensive care and prolonged hospitalization, unlike other centers

ith dedicated burn units. This unique population may contribute to the

xtended length of stay observed in our series. 

Patients with NIs experienced a significantly longer stay in the PICU

han those without infections. This extended stay increases the risk of

xposure to pathogens and potential complications. 

The sites of NIs include bacteremia as the predominant site, followed

y pneumonia and UTIs. In contrast to NIs in adults, acquired pneumo-

ia under mechanical ventilation is the most common [ 9 ]. In adults,

acteremia is mainly caused by central venous catheterization [ 10 ],

hereas primary bacteremia is more common in newborns in this study,
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Table 4 

Bacterial resistance. 

NUMBER AMX AMX-CLAV C3G CAZ AMK CN IPM /MEM /ERT TMP-SMX CST 

Klebsiella 

Pneumoniae 

28 100% 100% 80% 70% 20% 40% 10% - 0% 

Pseudomonas 

Aeruginosa 

16 100% 100% 81% 81% 56% 51% 12% - 0% 

Acinetobacter 

Baumanii 

28 100% 100% 95% 92% 78% 92% 12% - 0% 

Enterobacter 

Cloacae 

20 100% 100% 96% 91% 0% 69% 30% - 0% 

E. Coli 9 45% 45% 22% 22% 0% 0% 0% - 0% 

Staph aureus 5 SARM 5% 

Pneumocoque 6 16% 16% 16% 0% 0% 0% 0% 0% 0% 

Stenotrophomonas 

Maltophilia 

2 100% 100% 100% 100% 100% 100% 100% 0% 100% 
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ith an incidence close to that of Turkish and Vietnamese studies [ 3 , 4 ].

he microbial epidemiology of bacteremia varies widely between stud-

es; however, in this study, GNB predominate, particularly, K. pneumo-

iae and A. baumanii , followed by Enterococcus cloacae . In the European

etwork, the germs responsible for bacteremia are mainly coagulase-

egative Staphylococci in Garcia’s study and French pediatric ICU [ 5 , 6 ].

owever, fungemia was the most common in Turkey and Vietnam

 3 , 4 ]. 

Nosocomial pneumonia ranks second in this study, with a lower in-

idence than in other studies. The epidemiologic profile is represented

y GNB ( A. baumanii, K. pneumoniae and P. aeruginosa ), as well as in the

tudies of Kepenekli et al. and Le et al. [ 3 , 4 ]. In the European network,

neumonia associated to mecanical ventilation (PAVM) is mainly due

o gram negative cocci (GPCs) [ 5 , 11 ]. UTIs rank third in NIs; however,

n this study, they ranked fifth, with an incidence of 3.2 and a density of

ncidence of 11.1 per 1000 days of urinary catheterization. According

o the literature, E. coli and Candida albicans are the two main germs

nvolved in nosocomial UTIs [ 12–14 ]. 

The high NI rate compels us to delve into potential contributing fac-

ors and explore avenues for improvement, the following are some hy-

otheses that may explain this discrepancy: 

• Limited trained staff in our PICU could have led to lapses in infection

control protocols due to increased workload and time constraints. 
• Inadequate staffing or reduced monitoring during night shifts com-

pared with day shifts due to the nurse-to-patient ratio might have

created opportunities for lapses in hygiene practices. 
• Inadequate cleaning and disinfection procedures for surfaces and

equipment within the PICU might have allowed the persistence of

infectious agents. 
• Limited availability of materials could have compromised infection

control efforts. 

acterial resistance 

The high prevalence of multidrug-resistant bacteria such as K. pneu-

oniae and A. baumannii suggests a potential breakdown in antibiotic

tewardship practices or inadequate infection control measures. 

The microbial resistance of GNB implicated in NIs reflects the sever-

ty of these infections and their prognosis, particularly, the multi-

esistance of some strains such as K. pneumoniae secreting 𝛽-lactamases

80% of Klebsiella Pneumonia in our study are extended-spectrum 𝛽-

actamase producers, 80% in the study by Benjaballah, and 90% in the

tudy by Le) [ 4 , 7 , 15 ]. 

As for A. baumannii , which is classified as a super-resistant bacteria

ue to its enormous capacity to acquire multidrug resistance genes, it

oses a real problem in terms of therapeutic choices [ 16–18 ]. All strains

solated in our study were multidrug-resistant, only sensitive to colistin,
4

equiring an association of this molecule with carbapenems and amino-

lycosides. 

Despite therapeutic progress and progress in hygiene, P. aeruginosa

emains frequently isolated in critically ill patients. The infections it

auses are often severe and have a poor prognosis [ 19 ]. This bacterial

pecies is characterized by moderate sensitivity to antibiotics and by an

ase of acquiring resistance mechanisms that may occur during treat-

ent [ 20 ]. Resistance to ceftazidime is slightly higher in our study (81%

esistance). However, resistance to imipenem affected only 12% of the

trains isolated in our work, which is less significant than other rates

eported in other studies [ 21 , 22 ]. 

Given the emergence of multidrug-resistant bacteria and the dif-

culty in treating NIs caused by these bacteria, colistin has become

ncreasingly important in the management of these infections. Its po-

ential for developing acquired resistance is classically low, particu-

arly, when used in combination with other antibacterials [ 23 ]. In our

tudy, this problem of resistance to colistin has not yet arisen, and

his molecule, thus, finds a strategic place in the treatment of severe

ultidrug-resistant GNB infections. 

The fundamental element of the policy to improve the safety and

uality of care in any health care facility is the fight against NIs. The

ain axes of this policy are epidemiologic surveillance, staff training,

nd preventive measures. 

At the Mohamed VI Marrakech University Hospital, a committee to

ght against NIs was created in 2007. Its mission is to inform and train

he staff of the institution in hospital hygiene; invest in staff training and

mplement comprehensive training programs on infection control pro-

ocols for all staff; emphasizing proper hand hygiene, sterile technique,

nd appropriate use of personal protective equipment; evaluate staffing

eeds and ensure adequate coverage across all shifts to maintain rig-

rous infection control practices; review and strengthen environmental

leaning procedures, focusing on high-touch surfaces and equipment;

nd promote a culture of hand hygiene through readily available disin-

ectants and educational campaigns. 

onclusion 

In conclusion, NI remain a major public health problem in PI-

Us, especially in newborns, and are associated with significant mor-

idity, mortality, and excess cost of care. This study provides impor-

ant information on the epidemiologic profile of NIs in a PICU in

orocco. 

The results of this study highlight the need to explore the impact of

pecific interventions and strategies on the prevention and control of

Is in PICUs, including the use of novel technologies and approaches,

uch as molecular epidemiology and machine learning algorithms. By

mproving our understanding of the epidemiology and pathogenesis of

Is in PICUs, we can take steps to reduce their burden and improve the

uality of care for critically ill children. 
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