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Abstract  

Staphylococcus aureus (S. aureus) remains one of the most frequently occurring community-

acquired as well as hospital-acquired pathogens with high rates of hospital-acquired infections.  

S.aureus is an important pathogenic bacterium. It resides predominantly in the anterior nares, and 

extra-nasal sites including the skin, perineum, and pharynx, and less frequent in the gastrointestinal 

tract and the vagina. About 30% of the general population is nasal carriers of the bacterium. 

Infections caused by this organism could be exogenous or endogenous in origin, and they include 

impetigo, cellulitis, osteomyelitis, endocarditis, toxic shock syndrome (TSS), septicemia, and 

pneumonia.  Healthcare-associated infections by S. aureus are about 20% worldwide. S. aureus 

infection at NICU remains a major health challenge as colonized healthcare workers, patients, and 

contaminated surfaces serve as reservoir for infection. The incidence of healthcare-associated 

infections caused by S. aureus continues to increase worldwide. The goal of this study is to assess 

the nasal carriage of S. aureus isolated from neonates and health care workers (HCWs) in the NICU 

of Beni Suef University Hospital. Also, our study provides valuable insights documenting important 

factors that affect susceptibility and outcomes of neonatal sepsis which is a global public health 

issue.  
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1. Introduction  

    Neonatal sepsis is one of the major causes 

of morbidity and mortality among the 

newborns in the developing world. It is 

characterized by systemic inflammation and 

general damage of tissues. It can be diagnosed 

on the basis of clinical or microbiological 

data. According to the levels and trends in 

Child Mortality Report (2019), a large 
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variation of neonatal mortality rates exists 

between different regions worldwide. The 

highest neonatal mortality rates are reported 

in developing countries in Sub-Saharan Africa 

and south Asia [1].  

     In a systematic review assessing the global 

burden of sepsis among neonates and 

children, it was reported that mortality due to 

severe sepsis can reach 20% of affected cases 

[2].  

Sepsis during the neonatal period can lead to 

various complications. The short-term 

complications include respiratory failure, 

pulmonary hypertension, cardiac failure, 

shock, renal failure, liver dysfunction, and 

cerebral edema. Some long-term 

complications include developmental delays 

and sensory and neurological dysfunction [3].  

The assessment of the prevalence, clinical 

outcomes, and risk factors for neonatal sepsis 

among neonates will help provide information 

to policymakers and/or management to take 

more preventive measures in reducing the risk 

among neonates. Furthermore, the knowledge 

of pathogens causing infections in young 

infants is essential for designing hospital-

based management strategies [4]. 

The organisms most frequently involved in 

early-onset neonatal sepsis of term and 

preterm infants together are Group A beta 

haemolytic streptococci (GBS) and E.coli, 

which account for approximately 70% of 

infections combined. Additional pathogens to 

consider, which account for the remaining 

minority of cases, are other streptococci (most 

commonly viridans group streptococci but 

also Streptococcus pneumoniae) , S.aureus, 

Enterococcus spp., Gram-negative enteric 

bacilli such as Enterobacter spp., and Listeria 

monocytogenes [5].   

A persistent carriage is more common in 

children than in adults, and many people 

change their pattern of carriage between the 

age of 10 and 20 years. The reasons for these 

differences in the colonization patterns are 

unknown. A persistent carriage seems to have 

a protective effect on the acquisition of other 

strains, at least during the hospitalization of 

the patients. This barrier to the colonization is 

reduced when the carriers are treated with 

antibiotics [6].   

          Healthcare Workers (HCWs) constitute 

an important reservoir of S.aureus. Several 

studies have reported that the rate of the nasal 

carriage of S.aureus among the HCWs ranges 

from 16.8% - 56.1 %. So, screening of the 

nasal carriage in HCWs is an important 

component in the control of infections in any 

health care facility. The identification of the 

colonized members allows the appropriate 

management of these persons, to prevent the 

spread to others [7].   

2. Patients and Methods  

This was a Cross- sectional study that was 

carried out at the Neonatal Intensive Care 

Unit (NICU) of Beni-Suef University 

Hospital over a period of six months (April 

2020 to September 2020). The unit admits 

inborn neonates from the obstetrics 
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department, Private Hospital and Health 

Centers which averages 40,000 deliveries per 

year. The NICU has a capacity of 25 

incubators with a nurse : patient ratio of 1:2.  

The population for the study comprised of 

330 neonates admitted to NICU at Beni-Suef 

University Hospital in this period. A total of 

about average 24 Health care workers 

(HCWs) willingly accepted to participate in 

the study monthly, none of the participants 

reported complications or infections involving 

the ear, nose or throat. 

2.1 Inclusion criteria:   

    1- All neonates admitted to NICU of Beni- 

Suef University Hospital in this period, a 2nd 

sample for neonate was on the after 4th -7th 

day of admission or at discharge. 

2- HCWs (doctors & nurses) samples were 

taken monthly.   

A.  History: Detailed perinatal history of the 

neonates: including gestational age, mode of 

delivery, early postnatal cyanosis, jaundice 

or convulsions, risk factors including (chest 

tube insertion, endotracheal intubation and 

surgical procedures) 

B.  Examination: i. Gestational age, birth 

weight and gender. 

ii. General and systemic examinations 

were done including: vital signs (heart rate, 

respiratory rate, temperature and blood 

pressure using the DINA MAP), neonatal 

reflexes (e.g. Moro's and suckling reflexes). 

C. Investigations:  Complete blood count 

(CBC). reactive protein ( CRP),  

Nasal swabs were taken from both neonates 

and health care workers: Two samples were 

taken from neonates; the first one at 

admission while the second swab was taken 

after 4th -7th day of admission or at 

discharge. 

HCWs (doctors & nurses) samples were taken 

monthly.  

From each neonate or medical personnel, one 

swab from anterior nares using sterile cotton 

swabs. 

        The nasal swabs were inoculated on 

Blood agar plate and and Mannitol salt agar 

(MSA) plate (oxoid, USA), incubated at 37 

°C for 18 to 24     S. aureus colonies appear 

yellowish suggesting fermentation of 

mannitol on MSA plates after 18 to 24 h of 

incubation. Purity plating was performed on 

culture plates with mixed bacteria growth to 

obtain pure discrete colonies. Following 

purity plating, Gram’s staining was performed 

to establish the Gram reaction of the cultures 

as described previously (CLSI ., 2019).   

Catalase test was done on all colonies (test 

organism) confirmed as Gram positive cocci 

to separate staphylococci from streptococci. A 

colony from purity plating was added to a 

drop of 3% hydrogen peroxide (3% H2O2) on 

a microscope slide. Staphylococci colonies 

produce bubbles in H2O2 while streptococci 

do not. 

Coagulase test (tube coagulase test) was 

done on cultures confirmed to be 

Staphylococci the Gram’s staining and the 

catalase test. Three test tubes were prepared 
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and labelled; Test (T), Positive control (Pos) 

and Negative control (Neg). Rabbit plasma 

and peptone broth was prepared in the ratio 

1:4. e.g. 0.2 ml of plasma to 0.8 ml of 

peptone. 0.2 ml of plasma was added to each 

of the tubes. 0.8 ml of sterile peptone was 

added to the Neg tube, and same volume of a 

suspension of the test organism added to the 

tube labeled T while 0.8 ml of control S. 

aureus suspension was added to the tube. The 

suspensions were homogeneously mixed and 

incubated at 37 °C for 18 to 24 h, and 

examined macroscopically for the presence of 

clot. 

Statistical methodology  

• The data from the study were entered into 

Microsoft excel spread sheet for data 

cleaning. The cleaned data was exported to 

SPSS (Statistical Package for the Social 

Sciences) version 23 software for analysis. 

Description of qualitative variables was 

evaluated by frequency and percentage. 

Description of quantitative variables was 

assessed in the form of mean and standard 

deviation (mean SD). 

Chi-square test was used for comparison of 

qualitative variables with each other. 

Comparison between quantitative variables 

was carried out using: Student t test, One way 

ANOVA test, Correlation and multivariable 

logistic regression analysis were performed. 

The significance of the results was assessed in 

the form of P- value that was differentiated 

into: 

 Non-significant when P-value > 0.05.  

 Significant when P-value ≤ 0.05 

 Highly significant when P-value ≤ 0.001. 

 The study was approved by Local Ethical 

Research Committee at Beni-Suef Faculty of 

Medicine: Approval No: 

FMBSUREC/08032020/ Abdel-Aziz.  

3. Results:  

The current study was conducted at the 

Neonatal Intensive Care Unit (NICU) of 

Beni-Suef University Hospital over a period 

of six months (April 2020 to September 

2020).  The population for the study 

comprised of 330 neonates admitted to NICU 

at Beni-Suef University Hospital in this 

period. A total of about average 24 Health 

care workers (HCWs) willingly accepted to 

participate in the study monthly.   
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Table (1): The characteristics of the studied neonates: 
 

Variable Measurement 

Age (days) 

(Mean SD*; range (Min-max) 

8.15 ±5.076 

(1-21 day) 

 

Gender 

N (%) 

 

Male    110 (33.3) 

 

Female    220 (66.7) 

Gestational age N (%) 

 

Preterm     116 (35.2) 

 

Full term    214 (64.8) 

Weight (gram) 

Mean SD (Min-max) 

2707.12 ±612.74 

(2000-4200) 

 

Mode of Delivery N (%) 

 

Normal     143 (43.3) 

 

C.S*    187 (56.7) 

 

Table (1): illustrated that the mean age of the studied cases was 8.15 ±5.076 ranged from 1 day in 

minimum to 21 day maximum.  About 110 (33.3) were males and 220 (35.2%) were females, out of 

the total studied cases 116 (35.2%) cases were preterm and 214 (64.8%) were full term. The weight 

at birth was 2707.12 ±612.74 ranged between (2000-4200). The mode of delivery was Normal in 

143 (43.3%) of cases and Cesarean section in 187 (56.7) of cases.  

Table (2): Distribution of nasal S. aureus carriage among healthcare 

Occupation N (%) 
S. aureus  carriers 

N (%) 

Medicals doctors 15 0% 

Nurses 9 0% 

Total 24 0% 

 

The table (2) showed that the total 24 HCWs included in the study were 15 doctors and 9 nurses and 

none of them was S. aureus carrier. 
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Table (3): Percent of S. aureus positive neonates on admission. 

 

On Admission Number  Percent 

Negative 159 48.2 

Positive 171 51.8 

Total 330 100.0 

 

This table (3) demonstrated that a number of 171 cases were positive at hospital admission. 

 

 

Table (4): Frequency of S. aureus positive neonates on discharge. 

 

On Discharge Frequency Percent 

Negative 252 76.4 

Positive 78 23.6 

Total 330 100.0 

 

This table (4) demonstrated that a number of 78 (23.6%) of all studied children considered were S. 

aureus carrier at hospital discharge.  

 

Table (5): Comparison between different risk factors of studied neonates. 

Variable Unit 
Positive 

No.=171 

Negative 

No.= 159 
P-value 

Age (days) 

Mean SD; 

range 

(Min-max) 

10.64± 4.73 

(1-21) 
5.44±3.905 

0.002* 

 

Gender 

Male 

Female 

N (%) 

N (%) 

55 (32.2) 55 (34.6) 

0.640 

116 (67.8) 104 (65.4) 

Gestational age 

Preterm 

Full term 

N (%) 

N (%) 

101 (59.1) 15 (9.4%)  

70 (40.9) 144 (90.6) 0.001* 

Weight (gram) 
Mean SD 

(Min-max) 

2657.54± 542.979 

 
2760.45±677.544 0.128 
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Type of Delivery 

Normal 

C.S 

N (%) 

N (%) 

102 (59.6) 41(25.8%) 

0.001* 

69 (40.4) 118(74.2) 

 

*C.S refers to Cesarean section, SD refers to standard deviation, Min refers to minimal,  Max refers 

to maximal 

Table (5) showed that older age is associated with positive culture results at screening and this was 

statistically significant p value 0.002.  Also, preterm labor and normal delivery mode is associated 

with positive results and this was statistically significant p value 0.001.  

  

Figure (1): Causes of admission to the studied neonates: 
 

  

Table (6): Results of Blood cultures in neonates with S. aureus carriag 
 

Blood culture 

Screening Positivity on 

admission 
P-value 

Negative Positive 

0.001* 

S. aureus 
3 54 

(1.9%) (31.6%) 

Non-Staph 
156 117 

(98.1%) (68.4%) 

Total 
159 171 

100.0% 100.0% 

This table (6) demonstrated that those who are nasal staph carrier are associated with being staph 

positive in the blood culture and this association is statistically significant. 
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Figure (2): Results of blood culture during the studied period. 

 

 

 

 

       Figure (3): Results of Blood cultures in neonates within neonates with staph carriage  

 

 

 

 

The following results analyze different risk factors for development of neonatal sepsis among 

the studied neonates 
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Table (7): frequency neonatal sepsis among the studied group: 

 

Onset of sepsis Frequency Percent 

Valid 

less than 72 hour =early onset 171 51.8 

more than 72 hour= late onset 76 23.0 

No sepsis 83 25.2 

Total 330 100.0 

 

Table (7) showed that 74% of studied neonates had sepsis (early onset 51.8% and late onset 23%) 

and 25.2% had no sepsis. 

 

4. Discussion: 

      Hospital acquired infections (HAIs) occur 

in NICUs is a major health problem. These 

infections are one of the leading causes of 

mortality and morbidity in NICUs. In addition 

to the high costs, neonatal infections 

contribute to neurological disabilities and poor 

growth outcomes [8]. 

S. aureus is the second most common 

pathogen causing HAIs in neonates with an 

attributable high mortality rate. Despite 

aggressive measures to prevent S. 

aureus infections in neonates, the burden of S. 

aureus disease remains high in this population 

[9].Up to 40% of neonates acquire S. aureus in 

the first 2 months of life. Vertical transmission 

of S. aureus is rare, but postnatal  transmission 

even to healthy infants is common in the first 

few months of life [10] 

S. aureus associated healthcare-associated 

infections is an important health challenge.  

 

Sources of S. aureus infection in healthcare 

settings include colonized carriers or 

contaminated surfaces [11] 

     Neonatal intensive care unit (NICU) 

patients are at high risk of acquiring 

colonization and infection by S. aureus in 

NICUs was first reported in 1981; since then, 

the organism has been reported regularly in 

this age group and several outbreaks have been 

reported globally [12].The present study 

showed high prevalence of nasal S. aureus 

carriage 51%, this agrees with Arias et al., 

2017 [13], who  showed an increase in the 

prevalence of S. aureus carriage  ranging from 

7 to 53% between 1989 and 2017. Also, our 

finding agrees with van Hal et al., 2012 [14] 

who reported a high carriage rate of more than 

30%. Additionally, in a previous study, 

performed between 2005 and 2006 in six 

Mexican hospitals, the prevalence of S. aureus 

ranged from 1 to 43% [15].  
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Zervou et al., 2014 [16] reported that 

neonatal nasal S. aureus carriage prevalence 

could range between 36% and 61%. The 

reasons for the high rates among neonates 

remain unclear. Possibly, colonization from 

parents, care givers or healthcare workers 

plays a critical role. Other possible reasons in 

our case could be cross contamination or 

infection from one baby to the other by 

healthcare workers transiently carrying the 

bacteria with contaminated hands.  Several 

clinical factors may contribute to the S. aureus 

colonization. Previous antimicrobial use has 

been associated with the S. aureus 

colonization in hospitalized patients, 

particularly those in ICUs [17].  

 Other factors include the contact with a 

health-care facility (the length of stay, history 

of hospitalization) and personal medical 

background (diagnosis of skin and soft tissue 

infections, placement of nasal gastric tube) 

[18]. 

   Our results showed that 5%   (8/159) 

neonates in NICUs have acquired S. aureus 

during their hospital stay. Also [19].reported 

there was a relative risk of 24% for colonized 

patients in NICU to develop an S. aureus 

infection during hospitalization and he 

explained that due to an implication for 

infection control measures. Strict hand hygiene 

before and after patient contact is the primary 

measure in preventing and controlling the 

spread of S. aureus. Environmental hygiene is 

also important to reduce the S. aureus 

reservoirs and the transmission of S. aureus in 

the clinical setting [20].  

 In the current study by evaluating the 

complain on admission at NICU during the 

studied period, it was found that there was 

higher highly significant increase respiratory 

distress. This agreed with kresimir et al., 2017 

[21] who stated that respiratory distress (RD) 

is a challenging problem and one of the most 

common causes of admission in NICU. Cochi 

et al., 2016 [22] also stated that respiratory 

distress was the most prevalent presentation of 

sepsis.  

In the present study S. aureus carriage 

rate is absent among HCWs who participant in 

the study, possibly due to improved personal 

hygiene and well established immune system. 

This finding agreed with [23] who stated that 

no case was recorded in between the medical 

personnels. However, these results disagreed 

with EL-Shimi et al., 2014 [24] who found 

carrier rate among the sampled HCWs was 

8.5% (9/106). Also we should know proper 

management of these patients and how to 

improve the quality of their life [25]. In the 

current study,  klebsiella was detected in 

23.9% of the results followed by S. aureus 

(17.3%). Our study found that nasal S. aureus 

colonization may be a predictor for subsequent 

invasive S. aureus infections. Neonates with 

nasal S. aureus colonization had significantly 

higher rates of subsequent S. aureus infections 
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than those without colonization (P = 0.001). 

This agreed with Anna et al., 2014 [26] who 

reported that nasal colonization may precede 

invasive infection with S. aureus.   

The significant risk factors associated 

with neonatal sepsis in our study were UTI 

(63.6 %), premature rupture of membrane 

(PROM) > 18 hours (17.4%) hypertension 

(7.3%) and obstructed labor (11.7%). Maternal 

risk factors were studied by (Abd El Haleim  

et al., 2019) [27] in Cairo University where 

eclampsia in (16.7%) of patients and 

premature rupture of membranes (PROM) > 

12 hours was reported in (83.3%)  

5. Conclusion and Recommendations:  

     Hospital associated infections is one of the 

leading causes of morbidity and mortality in 

neonates in NICU and affect the duration of 

their hospitalization, as well as the quality of 

their care. The primary purpose of infection 

carriage surveillance is to prevent and monitor 

healthcare associated infections with 

subsequent significant decrease in incidence of 

outbreaks or multidrug-resistant organisms. 

Continuous assessment and screening of nasal 

S. aureus carriage is beneficial for decreasing 

neonatal sepsis. 
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