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ABSTRACT 

 Sepsis encompasses various systemic infections of the new born such as: 

septicemia, meningitis, pneumonia, arthritis and osteomyelitis and urinary 

tract infections. Neonatal sepsis is caused by both gram-positive and gram-

negative bacteria.  

This is cross sectional clinical based case study aimed to detect the bacterial 

causative agents among preterm neonates with features of sepsis. A total of 

seventy blood sample (n=70) were inculcated in diphasic medium, 

incubated aerobically at 37C O and observed daily for the first 3 days for the 

presence of visible microbial growth. At the same time, subcultures were 

made during 3 days on enriched and selective media including blood, 

chocolate, MacConkey, and mannitol salt agar plates and examined for 

growth after 24–48 hours of incubation. Then Antimicrobial susceptibility 

testing of all bacterial isolates was performed and data analysis was 

performed by spss version 16.  

The frequency of S.epidermidis was found 15(21.5%), E.coli 10(14.4%), 

pseudomonas aeruginosa  6(8.6%), klebsiella pneumoniae  5(7%) and 

candida spp 1(1.5%).The high rate of positive isolate was found in age 

group of 26-30 weeks 23(62%). C- reactive protein was tested to all study 

population and was found positive in all positive samples with bacterial 

growth. The preterms which used the nasal cannula and CPAP device had 

high rate of isolated bacteria 13(35%). Total white blood cell was done to 

all participants and was found high in the preterm with growth mean 17.9 

/cumm antimicrobial susceptibility was done to all isolates, regarding gram 

positive bacteria S.epidermidis was found sensitive to Vancomycin (100%) 

and showed high resistance to Ampicillin and Gentamicin.  
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The study concluded that both Gram positive and Gram negative can cause 

sepsis of preterm, S.epidermidis was the most frequent bacteria isolated 

followed by E.coli ,Pseudomonas aeruginosa then Klebsiella pneumoniae . 
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مستخلص ال  

 لتسمم البكتيري لللدم بالنسبه للاطفال حديثي الولاده يؤدي الي تسمم الدم واللتهاب الخلايا السحائيها

هاب المفاصل  الالتهاب العظمي واللتهاب المسالك البوليه . التسمم البكتيري تو الوالالتهاب الرئوي 

عن كشف هو الهذا البحث  كان الهدف من . لللدم تسببه بكتيريا موجبة الجرام وبكتريا سالبه الجرام

الخدج عينه من الاطفال  70تم اخذ . الاطفال الخدجالبكتيري للدم عند  تسمملل مسببةالالبكتيريا 

 وتمت مراقبتها  في الثلاثه 37C Oوزراعتها في الوسط ذو الوجهين  وتم حضنها في درجة حراره

يع علي ثلاثه رايام الاولي للتاكد من النمو او ملاحظة اي تكتلات علي الوسط بعد النمو تم اعادة التز

راء اختبار ثم تم اجماكونكي ووسط المانتول الملحي .اوساط وهي وسط الشيكولاته ووسط ال

الحساسية لمضادات الميكروبات لجميع العزلات البكتيرية عن طريق نشر قرص كيربي باور فجاء 

% ( ,سودوموناس 14.4)10%(  ,الاشريكية القولونية  21.5)15تردد العنقوديات الجلدية 

لي %(.  تم العثور ع1.5)1%( والكانديدا 7.0)5%(   , الكلبسيلة الرئوية 8.6)6ايريوجينوسا 

% . ثم اختبار فحص الس ار بي 62بنسبة  30-26ارتفاع معدل العزلة الايجابية في الفئة العمرية 

لجميع افراد الدراسة وكان الاختبار موجب في جميع العينات الايجابية ذات النمو البكتيري. كان 

لمعزولة فنية الانف وجهاز السي باب نسبة عالية من البكتريا ا الدي الخدج اللذين استخدمو

%( .تم عمل فحص خلايا الدم البيضاء الكلية لجميع المشاركين ووجدت انها عالية في 35)13

/17.9الخدج بمتوسط نمو  cumm . تم اجراء الحساسية تجاة مضادات الميكروبات لجميع العزلات  

يسين فيما يتعلق بالبكتيريا الموجبة الجرام وجدت العنقوديات الجلدية حساسية تجاة الفانكوما

واظهرت مقاومة عالية للامبيسيلين والجنتامسين. من ناحية اخري تم عزل البكتيريا الاشريكية 

القولونية ,سودوموناس ايريوجينوسا والكلبسيلة الرئوية السالبة الجرام .تم العثور علي الاشريكية 

يفتازيديم ,اموكلان القولونية حساسة لجميع المضادات الحيوية )ميروبينم ,اميبينم ,سيفترايكسون ,س

%(. 0.0%( ماعدا )الاميكسين ,السيبروفلوكساسين , والازترنام(بنسبة )100وتيتراسيكلين بنسبة)

%( الي )ميروبينيم ,سيفتازيديم , 100اما عن السودوموناس ايريوجينوسا فكانت حساسة بنسبة )

ايمبينم, ازترونام %( لسيبروفلوكساسين ومقاومة ل)اميكسين ,50.0واموكلان(وحساسة بنسبة )

,سيفترايكسون  وتتراسايكلين(.اما عن الكلبسيلة الرئوية فكانت حساسة بنسبة 

%( الي 50.0%(الي)ميروبينم ,اميكسين ,اميبينم  ,سيفتازيديم  و اموكلان (وحساسة بنسبة )100)

 سيبروفلوكساسين ومقاومة تماما الي )سيفترايكسون وتيتراسيكلين(

 



VII 
 

LIST OF CONTENT 

Page No. Subjects NO. 

I الآية 
 

 

II Dedication  

III Acknowledgments  

IV - V Abstract  

V المستخلص باللغة العربية  

VII - IX List of contents  

     X   List of abbreviations  

     XI List of Tables   

 
CHAPTER I  
Introduction  

 
1-2 

 
 

Introduction background  
 

1.1 

3  
Rationale 

 

1.2. 

4  
Objectives 

1.3 

4  

General objective 

1.3.1 

4  

Specific objectives 

1.3.2 

 
CHAPTER II 

Literature Review 

 
 
5 

 
Epidemiology and Public Health Issues  

 
 
2.1 

6 Definition  
2.2 



VIII 
 

 
6 

Classification  
2.3 

 
6 

Risk factors  
2.4 

 
7 

Bacteria causing neonatal sepsis  
2.5 

 
8 

Pathogenesis  
2.6 
 

 
8 

Clinical manifestations   
2.7 

 
9 

S. epidermidis - clinical significance   
2.8 

10-12 S. epidermidis infections in neonates 2.9 

12 Virulence factors –general. 2.10 

12 Biofilm formation in S. epidermidis  
2.11 

13 Premature rupture of membranes (PROM) 2.12 

13 Prematurity 2.13 

14 Physical Examination 2.14 

14-15 Practices related to late onset sepsis in very low 
birth weight preterm infants. 

2.15 

16-18 S.epidermidis major cause of preterm sepsis 2.16 

19-22 Previous studies 2.17 

CHAPTER III 

ethodM and aterialM 

23 Study design 3.1 

23 Study area and duration 3.2 

23 Study population 3.3 

23 Inclusion criteria   3.4 

23 exclusion criteria 3.5 

23 Ethical consideration 3.6 



IX 
 

23 Sample size 3.7 

24 Data collection tools 3.8 

24-26 Method 3.9 

27 Data Analysis 3.10 

CHAPTER IV 

Results 

28-36 Results 4 

CHAPTER V 

Discussion, Conclusion and Recommendations 

37-38 Discussion 5.1. 

39 Conclusion 5.2 

40 Recommendations 5.3 

41-49 References 

50 Appendices 

 

  



X 
 

List of abbreviations 

Meaning  Abbreviation 

 Bronchopulmonary dysplasia BPD 

Centers for Disease Control CDC 

Cytomegalovirus CMV 

Coagulase-negative staphylococci CNS 

C-reactive protein  CRP 

Hepatitis B virus HBV 

Herpes simplex virus HSV 

late-onset sepsis LOS 

Multi drug resistance  MDR 

Methicillin resistance S.aureus  MRSA 

Necrotizing enterocolitis NEC 

Neonatal intensive care unit NICU 

polysaccharide intercellular adhesion PIA 

parenteral nutrition PN 

Respiratory distress syndrome RDS 

retinopathy of prematurity ROP 

very low birth weight VLBW 

world health organization WHO 

white matter injury WMI 

http://emedicine.medscape.com/article/976034-overview


XI 
 

LIST OF TABLES 

Page no. Legend Table no. 

25 Antimicrobial agents for gram positive bacteria 4.1 

26 Antimicrobial agents for gram negative bacteria 4.2 

30 Frequency of isolated microorganism 4.3 

30 distribution of isolated bacteria according to age 4.4 

31 distribution of isolated bacteria according to 

Weight 

4.5 

31 distribution of isolated bacteria according to 

Gender 

4.6 

32 Distribution of isolate among medical device 4.7 

32 Frequency of clinical remarks among study 

population 

 

4.8 

33 Distribution of isolation according to clinical 

remarks 

4.9 

34 Distribution of the growth among white blood cells 

 

4.10 

34 Identification of CRP among study population 4.11 

35 antibiotic susceptibility against S.epidermidis 4.12 

36 Antibiotic susceptibility against E. coli, 

pseudomonas aeruginosa and klebiella 

pneumoniae 

 

4.13 



12 
 

 

 

 

 

 

 

 

 

 

Chapter one 

Introduction  

 



1 
 

Introduction  

1.1. Background: 

Neonatal sepsis is a systemic infection occurring in infants within 28 days 

of life and is a major cause of morbidity and mortality in newborns 

(Simonsen et al,2014). According to the international pediatric consensus 

conference of 2001, neonatal sepsis was defined as systemic inflammatory 

response syndrome in the presence of or as a result of suspected or proven 

infection with or without accompanying bacteremia, documented by a 

positive blood culture in the first 28 days of life (Goldstein et al, 2015). 

Sepsis encompasses various systemic infections of the new born such as: 

septicemia, meningitis, pneumonia, arthritis, osteomyelitis and urinary tract 

infections (Woldu, 2014(. Neonatal sepsis is caused by both gram-positive 

and gram-negative bacteria’s (Milka, 2013). Neonatal sepsis is classified 

into two major categories based on the time of onset: early-onset neonatal 

sepsis (EONS) and late onset neonatal sepsis (LONS). Early-onset neonatal 

sepsis appears within the first seven days of life and most cases appear 

within 24 h of birth. While late onset neonatal sepsis occurs after 8 days of 

infant’s life and is mostly acquired after delivery (El-Din et al,2015). Sepsis 

is diagnosed a complete white blood cell count with differential, blood 

culture, urine cultures, and a lumbar puncture for cell count and culture. To 

clear the diagnosis of early onset sepsis factors that predispose the neonate 

for sepsis such as maternal infection and prolonged rupture of membranes, 

and prematurity are also considered (El-Din et al, 2015). Signs and 

symptoms of infection in neonates are subtle and non-specific, may present 

with one or more of the following: hypothermia or fever, lethargy, poor cry, 

refusal to suck, poor perfusion, prolonged capillary refill time, hypotonia, 

absent neonatal reflexes, bulging fontanel, brady/tachycardia, respiratory 

distress, apnea and gasping respiration, hypo/hyperglycemia, and metabolic 
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acidosis (Hoogenet al, 2009). Risk factors for early onset of sepsis includes 

premature rupture of membrane (PROM), fever, chorioamnionitis, repeated 

vaginal examination, meconium stained amniotic fluid, dietary intake of 

contaminated foods, cervical cerclage, place of birth, prematurity, low birth 

weight, complicated or instrument-assisted delivery, and low appearance 

pulse grimace activity respiration (APGAR) scores. Late onset of sepsis 

acquiring nosocomial infections and invasive procedures during hospital 

admission (Setiawan et al, 2004). Antimicrobials used to treat sepsis are 

combinations and in most units are penicillin (Benzyl penicillin, 

Ampicillin, or Cloxacillin) together with an aminoglycoside, most 

commonly Gentamicin and is largely preventable by timely recognition, 

rational antimicrobial therapy and aggressive supportive care (Shah and 

Padbury,2014). Globally, sepsis is one of the major causes of morbidity and 

mortality among neonates, according to WHO sepsis caused approximately 

12% of the 2.9 million neonatal deaths in 2012 out these deaths 99% occur 

in developing countries (WHO, 2012). In Africa sepsis accounts 28% 

neonatal deaths (Aggarwalet al, 2014) and infectious cause’s accounts 68 

deaths per 1000 live births. In Ethiopia from prenatal mortalities sepsis 

covers 5%. In Debrezeyt, Ethiopia the overall poor outcomes of NS were 

26% including deaths. (Lawn andMongi, 2012). 
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1.2. Rationale: 

Globally, sepsis is still one of the major causes of morbidity and mortality 

in neonates. Neonatal sepsis is a systemic infections of the newborn such as 

septicemia, meningitis, pneumonia, arthritis, osteomyelitis, and urinary tract 

infections (Shaha et al,2012).More than 40% of under-five deaths globally 

occur in the neonatal period, resulting in 3.1 million new-born deaths each 

year. The majority of these deaths usually occur in low-income countries 

and almost 1 million of these deaths are attributed to infectious causes 

including neonatal sepsis, meningitis, and pneumonia (World Health 

Organization, 2012). On the other hand, the survivors of neonatal sepsis are 

vulnerable to short and long-term neurodevelopmental morbidity. This 

study was aimed to identify the bacterial causative agent of preterm sepsis. 
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1.3. OBJECTIVES 

1.3.1. General objective: 

To detect the bacterial causative agents among preterm neonates with 

features of sepsis.  

1.3.2. Specific objectives: 

1. To isolate causative agents from pediatric blood culture aerobic 

(Brain heart infusion) and anaerobic (Thioglycolate broth). 

2. To correlate between the infection and relative risk (age, weight, 

gender and medical device used). 

3. To make association between sepsis and clinical remark.    

4. To correlate the infection with some hematological indices (e.g. 

Number of white blood cells, neutrophils and platelets) and 

biochemical markers of inflammation such as C-reactive protein.  

5. To determine antibiotic sensitivity for this isolates using disk 

diffusion method. 
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LITERATURE REVIEW 

2.1. Epidemiology and Public Health Issues 

Neonatal mortality is increasingly recognized as an important global public 

health challenge that must be addressed if we wish to reduce child death 

disparities between rich and poor countries. Most of the estimated (Qaziet 

al, 2009) million neonatal deaths per year occur in low and middle income 

countries. More than one-third of neonatal deaths are estimated to be due to 

severe infections, and a quarter is due to the clinical syndrome of neonatal 

sepsis/pneumonia (Qaziet al, 2009).  

The reported incidence of neonatal sepsis varies from 7.1 to 38 per 1000 

live births in Asia, from 6.5 to 23 per 1000 live births in Africa, and from 

3.5 to 8.9 per 1000 live births in South America and the Caribbean. By 

comparison, rates reported in the United States and Australia range from 1.5 

to 3.5 per 1000 for early onset sepsis and up to 6 per 1000 live births for 

late onset sepsis, a total of 6 – 9 per 1000 for neonatalSepsis (Vergnanoet 

al, 2005). 

Currently, neonatal mortality rate in Bangladesh is 32 per 1000 live births 

which accounts for 60% of all under five deaths (Bangladesh Demographic 

and Health Survey, 2011). In a study assessing causes of neonatal deaths in 

rural Bangladesh it is shown that sepsis/ meningitis constituted 12% of 

direct causes of neonatal deaths (Chowdhury, 2010). In another study 

conducted in Dhaka slums showed sepsis as a direct cause of neonatal 

deaths in 20% cases (Khatunet al, 2012). In another study in Bangladesh, 

estimated causes of mortality around the year 2010 for 102,000 neonatal 

deaths showed that severe infections (sepsis, meningitis, pneumonia and 

tetanus) contributed 20% of neonatal deaths(Liu L et al ,2012 ) ,( Rubayetet 

al,2012). 
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2.2. Definition 

Systemic illness caused by microbial invasion of normally sterile parts of 

the body is referred to as ‘sepsis’. This is a term that specifically serves to 

differentiate an illness of microbial origin from an identical clinical 

syndrome that can arise in several non-microbial conditions. When 

accompanied by evidence of hypoperfusion or dysfunction of at least one 

organ system, this becomes ‘severe sepsis’. Finally, where severe sepsis is 

accompanied by hypotension or need for vasopressors, despite adequate 

fluid resuscitation, the term ‘septic shock’ applies. Within this terminology, 

the archaic term ‘septicemia’, which persists in the language of the non-

specialist and layman, straddles the definitions of sepsis, severe sepsis, and 

septic shock (Lever et al, 2007). 

Neonatal sepsis is a clinical syndrome of systemic illness accompanied by 

bacteremia occurring in the first month of life (Tricia et al, 2009). The 

condition may be defined both clinically and/or microbiologically, by 

positive blood and/or cerebrospinal fluid cultures (Vergnanoet al, 2005). 

2.3. Classification 

Neonatal sepsis may be classified according to the time of onset of the 

disease: early onset (EOS) and late onset (LOS). The distinction has clinical 

relevance, as EOS disease is mainly due to bacteria acquired before and 

during delivery, and LOS disease to bacteria acquired after delivery 

(nosocomial or community sources). In the literature, however, there is little 

consensus as to what age limits apply. A few papers distinguish between 

very early onset (within 24 hours), EOS (24 hours to six days), and LOS 

(more than six days) sepsis (Vergnanoet al, 2005). Very late onset sepsis is 

demarcated by onset at >30 days of age. 

2.4. Risk factors 

Several obstetric and neonatal factors have been identified that may be 

associated with an increased risk of neonatal infection. The presence of any 
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of these factors alone is not an indication for a complete sepsis 

(Vergnanoetal, 2005) work-up and antibiotic therapy; however, 

combinations of risk factors are clearly additive and should greatly enhance 

the suspicion of sepsis (Maryet al, 2007). 

• Prematurity and low birthweight 

• Premature or prolonged rupture of membranes (>18 h) 

• Maternal peripartum fever (>100.40F) or infection 

• Resuscitation at birth 

• Multiple gestations 

• Invasive procedures 

• Infants with galactosemia (predisposition to E. Colisepsis), immune 

defects, or asplenia. 

• Other factors: Male sex (four times more affected than females), bottle-

feeding (as opposed to breast-feeding), low socio-economic status, 

improper hand washing practice of NICU staff and family members etc. 

2.5. Bacteria causing neonatal sepsis 

Bacteria, such as Staphylococcus , Streptococcus, L. monocytogenes, 

E.faecalis,E. faecium, group D Streptococci, α-hemolytic Streptococci and 

Staphylococci,S.pneumoniae,H. Influenza type B, are recognized as the 

principal cause of earlyneonatal sepsis. Less commonly, N. meningitidis 

and N. gonorrhoeae have been also reported as a cause of neonatal 

septicemia and Gram-negative enteric organisms 

Predominantly E. coli, Klebsiella species are included (Simonsenet al, 

2014). On the other hand, late-onset sepsis is predominantly caused by 

Staphylococci species and E. coli and most frequently related with low birth 

weight of infants and use of intravascular catheters, endo-tracheal 

intubation, assisted ventilation, surgery, contact with hand of colonized 

personnel and contact with contaminated equipment as the main risk factors 

for late onset of neonatal sepsis. Sometimes E. cloacae or Citrobactor from 
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blood or CSF may be due to contaminated feedings. Contaminated 

respiratory equipment is suspected in outbreaks of hospital-acquired P. 

aeroginosa pneumonia or sepsis (Mohammad et al, 2011). 

Staphylococci are Gram-positive cocci, which often stick together in grape-

like clusters. They belong to the family Micrococcacea. There are 45 

species and 24 subspecies of the genus Staphylococcus. With a few 

exceptions, all species are catalase-positive, and they are all facultative 

anaerobe. The genus can be separated into two groups based on the ability 

to produce coagulase, an enzyme that causes clotting of blood plasma: The 

coagulase-positive staphylococci (Staphylococcus aureus and a few others) 

and the coagulase-negative staphylococci (CONS) (Shaw et al, 2015) 

2.6. Pathogenesis 

The pathophysiology of sepsis arises largely from the response of the host’s 

innate immune system under the influence of genetic factors. Sepsis 

originates from a breach of integrity of the host barrier, either physical or 

immunological, and direct penetration of the pathogen into the bloodstream, 

creating the septic 

state. (Lever et al, 2007). 

2.7. Clinical manifestations 

The signs and symptoms of sepsis are influenced by the virulence of the 

pathogen, the portal of entry, the susceptibility and response of the host, and 

the temporal evolution of the condition. (Lever et al, 2007).  

Initial signs and symptoms of infection in newborn infants:( Barbara et al, 

2011) 

• General: Fever, temperature instability, “not doing well”, poor feeding, 

edema 

• Gastrointestinal system: Abdominal distension, vomiting, diarrhea, 

hepatomegaly 
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• Respiratory system: Apnea, dyspnea, tachypnea, retractions, flaring, 

grunting, cyanosis 

• Renal system: Oliguria 

• Cardiovascular system: Pallor, mottling; cold, clammy skin, tachycardia, 

hypotension, bradycardia 

• Central nervous system: Irritability, lethargy, tremors, seizures, 

hyporeflexia, hypotonia, abnormal Moro reflex, irregular respirations, full 

fontanel, high-pitched cry 

• Hematologic system: Jaundice, splenomegaly, pallor, petechiae, purpura, 

bleeding 

Early-onset sepsis is usually a multisystem illness with prominent 

respiratory symptoms. It is characterized by a sudden onset and fulminant 

course that can progress rapidly to septic shock and death. Late-onset sepsis 

is usually more insidious but it can be fulminant at times. In addition to 

bacteremia, these infants may have an identifiable focus, most often 

meningitis in addition to sepsis. (Tricia et al, 2009) 

2.8. S. epidermidis - clinical significance 

Ubiquitous colonization of S. epidermidis on the iucus membranes gives 

them the opportunity to cause infections under special circumstances. 

However, in general S.epidermidisare low virulent bacteria with few 

virulence factors.(Otto,2007)epidermidishas emerged as an important 

opportunistic human pathogen, reflecting the increased use of indwelling 

medical devices and an increasing number of patients with impaired 

immune systems,e.g. patients receiving immune-suppressive therapy, 

preterm infants, AIDS patients, and drug abusers. S. epidermidis is now 

considered one the most frequent causes of nosocomial infections  
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2.9. S. epidermidis infections in neonates 

S. epidermidismay cause a wide spectrum of infections in neonates. 

Isolation of S. epidermidishas been associated with wound abscesses, 

pneumonia, urinary tract infections, necrotizing enterocollitis (NEC), 

endocarditis, omphalitis and meningitis. However, clearly the most 

important and prevalent S.epidermidis infection in neonates is sepsis with 

or without the association to indwelling catheters.Neonatal sepsis is an 

important cause of morbidity in neonatal intensive care units. Over the past 

twenty years there has been a substantial shift in pathogen patterns for late-

onset sepsis in neonates (305), where the nosocomial pathogens have 

become more important. CONS are now the most prevalent pathogen 

causing late-onset sepsis, accounting for more than 50% of the episodes. 

(Van den Hoogenet al,2010)These infections are associated with low birth 

weight, low gestational age, need of mechanical ventilation, parenteral 

nutrition (PN) and a history of intravascular catheterization. A large 

proportion of systemic infections due to S. epidermidis in the neonatal 

period are associated with indwelling catheters or other devices that causes 

a break in the skin. Many neonatal infections are caused by bacteria that 

colonize the patient’s own skin, indicating that invasive S. epidermidis 

infections often are derived from the skin and that indwelling vascular lines 

may be a major source of infection. Late onset-sepsis caused by S. 

epidermidis is seldom fatal, but they cause significant morbidity with 

longer in-hospital time, and a significant increase in total hospital costs 

(Blot et al, 2005).The diagnosis of S. epidermidis late onset-sepsis in 

neonates is difficult. The clinical signs of infection in neonates, and 

especially in premature neonates, are subtle and non-specific and the 

laboratory tests including the “gold standard” blood culture are not always 

reliable. (Blotet al,2005).To minimize the amount of blood drawn and 

puncture of the skin of the neonates, usual practice in many neonatal 
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intensive care units (NICUs) are to obtain only a single blood culture. The 

most used definition for S. epidermidis sepsis in neonates is: One positive 

blood culture and the addition of clinical signs of sepsis such as apnea, 

tachypnea, need for increased respiratory support, bradycardia, hypotonia, 

feeding intolerance, abdominal distentionor in the early phase only “the 

baby is just not right .S. epidermidisinfections may have a significant 

impact on the innate immune response of the neonate. The preterm neonates 

are especially vulnerable because of an immature functioning immune 

system. S.epidermidis infections induce significant secretion of both pro-

and anti-inflammatory cytokines, but the secretion of pro-inflammatory 

cytokines seems to be gestational age dependent. It has been reported that 

glucose and especially intravenous lipids may modulate host defense and 

increase the risk of infections in neonates. The use of total parenteral 

nutrition (TPN) may also reduce the function of neutrophils. Recently it 

was shown that the pro-inflammatory cytokine response to S. epidermidis in 

vitro was affected by both lipids and glucose. However, further studies are 

needed to investigate whetherthese findings are applicable to clinical 

settings and to evaluate the role of cytokine monitoring in infants receiving 

long-term parenteral nutrition.(Haase et al, 2011) S. epidermidis  biofilms 

also activate leukocytes, but their ability to up-regulate oxidative burst, 

induce opsonophagocytosis and bacterial killing is impaired in infants 

compared to adults. This is probably due to the immaturity of their immune 

system, with a significant hypo gamma globulinemia and reduced 

complement activity both in the classical and alternative pathway. Also, the 

inflammatory response in neonates, assessed by CRP, is compromised 

when challenged with S. epidermidis biofilm producing strains. Deficiency 

of complement factor C3 and IgG have been related to greater risk for 

CONS associated infections in neonates. In conclusion, defects in the 
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neonatal immune response, may partly explain why this otherwise low 

virulent pathogen, causes such serious infections among these patients. 

2.10. Virulence factors –general. 

Virulence has been defined in several different ways, such as:“Harmfulness, 

and describes the ability of a pathogen to reduce host fitness”,(Massey  et 

al, 2006) or “The ability of a microorganism to establish an infection and 

cause disease in a host”. Factors important for the pathogens virulence 

generally contributes to either i) immune evasion, ii) immune stimulation, 

iii) colonization, or iv) factors that cause damage to the host.  In general, 

S.epidermidishas few virulence factors which directly cause damage to the 

host, compared to its more virulent relative, S. aureus, S. epidermidis 

therefore have to rely on factors modulating the immune system of the host 

in order to maintain a persistent infection.  

2.11. Biofilm formation in S. epidermidis 

Biofilm formation is the most important virulence factor of S. epidermidis. 

The adaptation to environmental factors and the metabolic shift contributes 

to S. epidermidis success in colonization of host tissue and medical devices, 

and protects the bacteria against the host's immune system (Foster, 2005) 

and attempts of antibiotic treatments. It is now generally accepted that S. 

epidermidis infections are dependent on the species ability to adhere to 

artificial surfaces and to assemble biofilm consortia. (Mack et al, 2006)  

Biofilm formation is commonly described as two-step process with initial 

attachment to surfaces with ii) a subsequent aggregation and maturation 

into multicellular structures (Horstkotte et al, 2006). A final detachment 

phase after steady-state has been acquired then follows. The detachment 

phase involves the detachment of single cells or cell cluster by various 

mechanisms and is believed to be crucial for the dissemination of the 

bacteria.  
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2.12. Premature rupture of membranes (PROM)  

Mother and respiratory distress syndrome  (RDS) symptoms related to 

preterm sepsis PROM may occur in response to an untreated urinary tract 

infection (UTI) or birth canal infection. Other risk factors are previous 

preterm delivery, uterine bleeding in pregnancy and heavy cigarette 

smoking during pregnancy. Rupture of membranes without other 

complications for more than 24 hours before delivery is associated with a 

1% increase in the incidence of neonatal sepsis; however, when 

chorioamnionitis accompanies the rupture of membranes, the incidence of 

neonatal infection is quadrupled. When membranes have ruptured 

prematurely before 37 weeks’ gestation, a longer latent period precedes 

vaginal delivery, increasing the likelihood that the infant will be infected. 

The duration of membrane rupture before delivery and the likelihood of 

neonatal infection are inversely related to gestational age. Thus, the more 

premature an infant is, the longer the delay between rupture of membranes 

and delivery and the higher the likelihood of neonatal sepsis. 

2.13. Prematurity 

In addition to the relation between preterm PROM and neonatal sepsis, 

there are other associations between prematurity and neonatal sepsis that 

increase the risk for premature infants. Preterm infants are more likely to 

require invasive procedures, such as umbilical catheterization and 

intubation. Prematurity is associated with infection from cytomegalovirus 

(CMV), herpes simplex virus (HSV), hepatitis B virus (HBV), Toxoplasma, 

Mycobacterium tuberculosis, Campylobacter fetus, and Listeria species. 

Intrauterine growth retardation and low birth weight are also observed in 

CMV infection and toxoplasmosis. Premature infants have less 

immunologic ability to resist and combat infection. Consequently, they are 

more susceptible to infection caused by common organisms such as 

http://emedicine.medscape.com/article/976034-overview
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coagulase-negative Staphylococcus-an organism usually not associated with 

severe sepsis. 

2.14. Physical Examination 

The clinical signs of neonatal sepsis are nonspecific and are associated with 

the characteristics of the causative organism and the body’s response to the 

invasion. These nonspecific clinical signs of early sepsis are also associated 

with other neonatal diseases, such as respiratory distress syndrome (RDS), 

metabolic disorders, intracranial hemorrhage, and a traumatic delivery. In 

view of the non-specificity of these signs, it is prudent to provide treatment 

for suspected neonatal sepsis while excluding other disease processes. To 

obtain the most information from the examination, systematic physical 

assessment of the infant is best performed in a series that should include 

observation, auscultation, and palpation, in that order. Changes in findings 

from one examination to the next provide important information about the 

presence and evolution of sepsis.  

2.15. Practices related to late onset sepsis in very low birth weight 

preterm infants. 

Late-onset sepsis (LOS) is a major cause of neonatal morbidity and 

mortality. The World Health Organization (WHO) estimates that of the four 

million neonatal deaths worldwide per year, more than one-third are caused 

by severe infections and one-quarter are due to neonatal sepsis/pneumonia. 

(Qazi SA et al, 2009)1 and 2 In Brazil, the neonatal mortality rate 

represents 60% of infant mortality, and sepsis is a major cause of neonatal 

deaths. (Brasiet al, 2007) 

Research networks worldwide are dedicated to the study of neonatal sepsis. 

The National Institute of Child Health and Human Development (NICHD 

Neonatal Research Network) documented a 21% incidence of LOS 

confirmed in preterm infants weighing < 1,500 g, ranging from 10-38% 

http://emedicine.medscape.com/article/976034-overview
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among centers. In the Brazilian Neonatal Research Network (BNRN), 

consisting of 16 reference centers in the maternal-child health area, the LOS 

study group showed, in the years 2009-2010, 50% incidence of LOS (range 

29-72% among centers) in preterm infants weighing < 1,500 g, with 27.5% 

confirmed LOS (unpublished data). LOS is related to the postnatal 

environment, characteristics of the newborn, and care practices. Among 

these practices, the use of vascular catheters and parenteral nutrition are 

important risk factors for sepsis. (Richtmannet al, 2011). Hand hygiene is 

another practice that deserves attention, as the transmission of 

microorganisms through the caregivers' hands is a constant concern. The 

Centers for Disease Control and Prevention (CDC), the WHO, (WHO , 

2012)and the Brazilian National Health Surveillance Agency (ANVISA) 

periodically publish guides on hand sanitizing, but warn that the adherence 

of health professionals is low, even in campaign periods.(Brasil,2012). The 

percentage of professionals' adherence to hand washing varies from 28% to 

62%, and greater adherence to hand hygiene practices is associated with 

reduced rates of hospital infection.(Ferraz and Higienização das mãos,2011) 

Another relevant aspect is the difficulty in the diagnosis of sepsis, as 

clinical data and laboratory tests are nonspecific and blood culture, 

considered the gold standard, has low positivity. The difficulty in diagnosis 

can lead to treatment delay or excessive use of antibiotics, allowing the 

selection of flora and development of bacterial resistance, another frequent 

problem in the neonatal intensive care unit (NICU). 
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2.16. S.epidermidis major cause of preterm sepsis. 

Blood infection (sepsis) causes millions of deaths worldwide and is the 

most frequent cause of death in hospitalized patients. Sepsis is most 

commonly due to bacteria. (Stearns and Kurosawa et al, 2011). In addition 

to symptoms related to the specific bacterial infection, symptoms of sepsis 

include fever, tachycardia and tachypnea. The definition of sepsis is 

clinical, with the sepsis-related organ failure assessment score, a 

combination of scores for the respiratory, cardiovascular, hepatic, 

coagulation, renal and neurological conditions, giving an understanding of 

the severity of sepsis in terms of the prediction for a fatal outcome. Sepsis 

develops from bacteria being present in the blood (bacteremia) when the 

immune system launches an overwhelming responsive defense. (Stearns 

and Kurosawaet al, 2011)While sepsis is well defined clinically, the 

molecular immunological mechanisms that underlie the development of 

sepsis are poorly understood. Long believed to be predominantly due to 

Gram-negative bacteria, during the second half of the 20th century, Gram-

positive bacteria, in particular Staphylococcus aureus, have become leading 

causes of sepsis and sepsis-related deaths. Coagulase-negative 

staphylococci (CNS), with the major species S. epidermidis, are also often 

reported as frequent causes of sepsis, particularly among neonates (Qin et 

al, 2016). However, the fact that they are ubiquitous commensals on the 

human skin makes the microbiological diagnosis of a true CNS blood 

infection difficult, as the detection of CNS in blood samples is often due to 

contamination rather than a true infection (Kleinschmidtet al, 2015). The 

precise percentage of how many positive blood cultures are due to 

contamination varies considerably among the many studies that have 

attempted to estimate that number. Nevertheless, there is agreement that S. 

epidermidis is among the most frequent bacterial sources underlying 
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bacteremia and sepsis. (Wang et al, 2010). In theory, bacterial factors can 

influence the development of sepsis in at least two different ways. First, the 

reaction of the immune system differs depending on the bacterial triggers or 

pathogen-associated molecular patterns. In Gram-negative bacteria, the 

most important proinflammatory trigger is lipopolysaccharide. Structural 

modifications of this surface structure, which is ubiquitous in Gram-

negative bacteria, can have a significant impact on the strength of the 

immune reaction. In Gram-positive bacteria, lipoteichoic acid is often stated 

to play a similar role (Spaanet al, 2017). In addition to those invariant 

structures on the Gram-negative or Gram-positive cell envelope, some 

particularly aggressive bacteria such as S. aureus produce toxins that may 

further significantly exacerbate the immune reaction. Sepsis often arises 

from the constant seeding of bacteria from contaminated indwelling 

medical devices. For CNS, this is by far the most common cause of 

bacteremia. CNS are among the most frequent causes of bloodstream 

infection originating from indwelling medical device contamination. (Qin et 

al, 2016). The most frequent types of such device-associated infections are 

central line-associated bloodstream infection and catheter-related 

bloodstream infection. Their severity is ultimately dependent on the extent 

of bacterial colonization. Thus, the most important bacterial factors 

underlying the pathogenesis of such infections have always been considered 

those that increase the propensity of the bacteria to form biofilms on the 

devices, which significantly decreases the capacity of phagocytic cells and 

other innate immune mechanisms to remove the bacteria. For S. 

epidermidis, these factors include the biofilm exopolysaccharide 

polysaccharide intercellular adhesin (PIA), in addition to a series of proteins 

and other matrix components such as teichoic acids.(Qin  et al,2008). In 

contrast to S. aureus, S. epidermidis as well as other CNS have not been 

known to produce aggressive proinflammatory or even cytolytic toxins. 
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(Qin et al, 2016) Reports that claim that α-toxin or superantigenic toxins are 

widespread in S. epidermidis or other CNS have to be regarded as incorrect 

due to the failure to appropriately identify isolates. The notion that CNS do 

not produce toxins, however, had to be corrected when it was found that S. 

epidermidis produces PSMs. PSMs are amphipathic, α-helical peptides with 

surfactant character. Many PSMs have strong proinflammatory and broadly 

cytolytic properties. At nanomolar concentrations, in predominantly formyl 

peptide receptor-2 mediated fashion, (Kretschmeret al, 2010) they elicit 

leukocyte chemotaxis, activation and cytokine release. In contrast, their 

cytolyticproperties, which are observed at micromolar concentrations and 

have been described for neutrophils, monocytes, erythrocytes and 

osteoblasts are receptor-independent. Notably, PSMs are produced in high 

amounts in a quorum-sensing controlled fashion, with stationary phase 

bacterial cultures reaching far more than the concentrations needed for 

cytolysis. In S. aureus, PSMs have been shown to contribute significantly to 

pathogenesis.(Quecket al, 2008). PSMs have been grouped according to 

length. The α-type PSMs are 20–25 and the β-type PSMs are approximately 

44–45 amino acids long. All PSMs are secreted by a dedicated transporter 

without a signal peptide and thus have an N-terminal formyl-methionine. 

(Chatterjee et al, 2013). While virtually every staphylococcal species 

produces PSMs, the pattern is different and characteristic for every species. 

After the initial description of three PSMs in S. epidermidis (PSMα, PSMβ 

and PSMγ, which is equal to δ-toxin), the entire S.epidermidis PSM pattern 

was determined. One particular  S.epidermidis  PSM, PSMδ, has astounding 

cytolytic character at the level of the most strongly cytolytic S. aureus PSM 

(PSMα3).(Qin et al, 2016) 
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2.17. Previous studies: 

Coagulase-negative staphylococcus especially S. epidermidis have emerged 

as the predominant pathogen of late-onset sepsis (LOS) In very low birth 

weight (VLBW) infants. Accounting for up to 77.90, of  Neonatal in 

industrialized countries and 46.5 % in some developing countries. VLBW 

neonates with indwelling medical devices are most susceptible for 

S.epidermidis sepsis, the incidence rate of which is approximately 25% 

.Four Studies in preterm sepsis In Sudan. The objectives of the study were 

to determine the causes, clinical presentation, management and outcome of 

neonatal sepsis in Gadarif Teaching Hospital, Sudan, inmethods:The study 

was descriptive conducted in the department of neonatology in Gedarif 

Teaching Hospital, Sudan. All the 240 records of patients attended the 

hospital during 2008-2010, and diagnosed as neonatal sepsis were 

considered in the study. Data were collected by a check list and analyzes by 

the computer using SPSS version 16, inresults.  The causes of neonatal 

sepsis were low birth weight, premature rupture of the membrane, mother 

infection and meningocele constituted 39.6%, 31.3%, 20.8% and 2.5% 

respectively, other causes constituted 5.8%. Most ofthe patients.Were 

presented with poor sucking (59.2%). Other presentations were fever, 

pallor, respiratory distress, vomiting, diarrhea, and jaundice constituted 

43.8%, 43.8%, 39.6%, 35.4%, 27.1%, and 27.1% respectively. Other causes 

constituted 16.3%. Death ratio for neonatal sepsis was 12.5%, in 

conclusion:The study concluded that neonatal sepsis is more common 

among males. Neonatal sepsis is related to Low birth weight, premature 

rupture of the membrane, mother infection before delivery and 

meningocele. Most of the patients with neonatal sepsis present with poor 

sucking, fever, pallor and respiratory distress. Death ratio from neonatal 

sepsis is 12.5%.(Elsadiget al,2018(. In Sudan prevalence and Causes of 
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Neonatal Sepsis in Soba University Hospital, Sudan Wafa Babiker1 

,Amany Ahmed1 , Taiser Babiker1 , Elamin Mohamed Ibrahim1 and 

BabikerSaad Almugadam2 Abstract objective,this study aimed to determine 

the isolated organisms and, the most common causes of neonatal sepsis; and 

to evaluate the susceptibility pattern of isolates to different antibiotics. 

Methods: A total of 119 blood samples were collected and inoculated in 

brain heart infusion broth, then incubated up to 7days at 37°C. All isolates 

were identified based on culture charters, Gram stain, and standard 

biochemical test. Antimicrobial susceptibility tests were done according to 

CLSI guidelines 2011. Results: Out of 119 blood samples investigated only 

37.8% (45/119) were found to be positive for neonatal septicemia and all 

cases was early onset sepsis. The frequency of Gram-positive and Gram 

negative bacteria is 57.8% and 42.2% respectively. MRSA and K. 

pneumoniae are the most common isolated organisms. All Gram–ve isolates 

were resistant to ceftriaxone, cephalexin, and cotrimoxazol and sensitive to 

imipenem (100%). While most isolates were sensitive to Vancomycin, and 

resistant to Ciprofloxacin, Amoxyclav, Erythromycin, and Oxacillin. 

Conclusion: Neonatal sepsis is a major health problem worldwide, and the 

emergence of MDR isolates can limit the therapeutic options. Proper 

antibiotic discretion and regular updating of antibiotics susceptibility 

through continuous surveillance is essential to maintain a good infection 

control program and it can play a key role in avoiding and limiting the 

extending of this problem. Keywords  Neonatal sepsis; Antimicrobial; 

Gram -ve; Gram +ve; Sudan )WafaBabiker andAmany Ahmed, 2018(. In 

South Sudan by (NorthanHurtadoetal, 2015). neonatal deaths comprise a 

growing proportion of global under-five mortality. However, data from the 

highest-burden areas is sparse. This descriptive retrospective study analyses 

the outcomes of all infants exiting the Médecins sans Frontières-managed 

neonatal unit in Aweil Hospital, rural South Sudan from 2011 to 2014. A 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hurtado%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27789662
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total of 4268 patients were treated over 4 years, with annual admissions 

increasing from 687 to 1494. Overall mortality was 13.5% (n = 576), 

declining from 18.7% to 11.1% (p for trend <0.001). Newborns weighing 

<2500 g were at significantly increased mortality risk compared with babies 

≥2500 g (odds ratio = 2.27, 95% confidence interval = 1.9–2.71, p < 0.001). 

Leading causes of death included sepsis (49.7%), tetanus (15.8%), 

respiratory distress (12.8%) and asphyxia (9.2%). Tetanus had the highest 

case fatality rate (49.7%), followed by perinatal asphyxia (26.5%), 

respiratory distress (20.4%) and neonatal sepsis (10.5%). Despite increasing 

admissions, overall mortality declined, indicating that survival of these 

especially vulnerable infants can be improved even in a basic-level district 

hospital programme. Delair, H.  done in ,Late-onset sepsis (occurring after 3 

days of age) is an important problem in very low birth weight (VLBW) 

infants. To determine the current incidence of late-onset sepsis, risk factors 

for disease, and the impact of late-onset sepsis on subsequent hospital 

course, we evaluated a cohort of 6956 VLBW (401–1500 g) neonates 

admitted to the clinical centers of the National Institute of Child Health and 

Human Development Neonatal Research Network over a 2-year period 

(1998–2000), in  methods. The National Institute of Child Health and 

Human Development Neonatal Research Network maintains a prospective 

registry of all VLBW neonates admitted to participating centers within 14 

days of birth. Expanded infection surveillance was added in 1998, 

results. Of 6215 infants who survived beyond 3 days, 1313 (21%) had 1 or 

more episodes of blood culture-proven late-onset sepsis. The vast majority 

of infections (70%) were caused by Gram-positive organisms, with 

coagulase-negative staphylococci accounting for 48% of infections. Rate of 

infection was inversely related to birth weight and gestational age. 

Complications of prematurity associated with an increased rate of late-onset 

sepsis included patent ductusarteriosus, prolonged ventilation, prolonged 
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intravascular access, bronchopulmonary dysplasia, and necrotizing 

enterocolitis. Infants who developed late-onset sepsis had a significantly 

prolonged hospital stay (mean length of stay: 79 vs 60 days). They were 

significantly more likely to die than those who were uninfected (18% vs 

7%), especially if they were infected with Gram-negative organisms (36%) 

or fungi (32%),. Late-onset sepsis remains an important risk factor for death 

among VLBW preterm infants and for prolonged hospital stay among 

VLBW survivors. Strategies to reduce late-onset sepsis and its medical, 

social, and economic toll need to be addressed urgently.Staphylococcus 

epidermidis accounts for the majority of cases of neonatal sepsis. Moreover, 

it has been demonstrated to be associated with neonatal morbidities, such as 

bronchopulmonary dysplasia (BPD), white matter injury (WMI), 

necrotizing enterocolitis (NEC) and retinopathy of prematurity (ROP), 

which affect short-term and long-term neonatal outcome. Imbalanced 

inflammation has been considered to be a major underlying mechanism of 

each entity. Conventionally regarded as a harmless commensal on human 

skin, S.epidermidis has received less attention than its more virulent 

relative Staphylococcus aureus. Particularities of neonatal innate immunity 

and nosocomial environmental factors, however, may contribute to the 

emergence of S. epidermidis as a significant nosocomial pathogen. Neonatal 

host response to S.epidermidis sepsis has not been fully elucidated. 

Evidence is emerging regarding the implication of S.epidermidis sepsis in 

the pathogenesis of neonatal inflammatory diseases. This review focuses on 

the interplay among S.epidermidis, neonatal innate immunity and 

inflammation-driven organ injury. (Ying Donget al, 2018). 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29405832
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Material and method  

3.1. Study design: 

Clinical base, case study. 

3.2. Study area: 

Study was conducted in ALSAAHA Specialized Hospital south Khartoum 

State Sudan, in period between June 2018-Febuary 2019. 

3.3. Study population: 

Preterm neonates with signs of sepsis  

3.4. Inclusion Criteria: 

Preterm neonates under 35 weeks of gestational age with clinical sign of 

sepsis  

3.5. Exclusion criteria: 

Preterm neonates with cancer and HIV  

Preterm neonates on antibiotics before the blood culture sample 

3.6. Ethical consideration: 

This study was approved by the college of MedicalLaboratory Science 

Ethical Committee SUST. 

3.7. Sample Size: 

Following equation was used to determine the samplesize: 

                n= zpq 2 

                       d² 

n:samplesize 

z: stander deviation when significant level is 95% 

p:previousprevalence 

q:1-p 

d²:desiredmargin of error 

The 70 blood samples were collected to carry the study. 
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3.8. Data collection tools: 

Data was collected by questionnaire sheet (appendix)1. 

3.9.Method: 

3.9.1. Sample collection 

Five ml of blood were drawn from each preterm with clinical sign of sepsis 

by Aseptic technique. 3 ml of blood were   inoculated into two blood 

culture bottle one incubated aerobic and the other anaerobic, all the 

procedures were done under Aseptic technique, and the other 2 ml of blood 

drown into EDTA container and was used for the hematological indices and 

biochemical marker of inflammation such as C - reactive protein 

3.9.2. Processing of Specimens: 

The blood cultures were incubated aerobically at 37C O and observed daily 

for the first 3 days for the presence of visible microbial growth by one of 

the following: haemolysis, air bubbles (gas production), and coagulation of 

broth. At the same time, subcultures were made during 3 successive days on 

enriched and selective media including blood, chocolate, MacConkey, and 

mannitol salt agar plates and examined for growth after 24–48 hours of 

incubation. The same protocol was repeated until the 7th day before blood 

culture was considered to be free of microorganisms. Isolates obtained were 

identified by standard microbiological techniques, namely, Gram staining, 

colony characteristics, and biochemical properties including catalase, 

coagulase (free and bound), DNase production, growth on mannitol salt 

agar, and hemolytic activity on blood agar plates for Gram-positive isolates, 

and triple sugar iron (TSI), motility, indole, citrate utilization, urease, 

oxidase and hydrogen sulphide production (B. Murray and T. Pfaller,1999).  

Candida isolate was confirmed by growth on Sabouraud media. 
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3.9.3. Antimicrobial Susceptibility Testing  

Antimicrobial susceptibility testing of all bacterial isolates was performed 

by the Kirby-Bauer disc diffusion method on Mueller-Hinton agar (Oxoid) 

according to the recommendations of the CLSI (2010). 

Table 4.1: Antimicrobial Agents used for Gram Positive bacteria: 

NO Antimicrobial 

agent  

Code Resistance 

mm 

Intermediate 

mm 

Sensitive 

mm 

1.  Vancomycin (VA) -- -- 15 

2.  Clindamycin  (DA) 14 15-20 21 

3.  Co-trimoxazole (COT) 10 11-15 16 

4.  Tetracycline (TE) 14 15-18 19 

5.  Ampicillin (AM) 28 -- 29 

6.  Penicillin  (P) 28 -- 29 

7.  Erythromycin  (E) 13 14-22 23 

8.  Amoxicillin+ 

Calvulanic acid  

(AMC) 19 -- 20 

9.  Gentamicin  (CN) 12 13-14 15 

10.  Ceftazidime (CAZ) 14 15-17 18 
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Table 4.2:Antimicrobial Agents used for Gram Negative bacteria: 

NO Antibiotic  Code Resistance 

mm 

Intermediate 

mm 

Sensitive  

mm 

1.  Meropenem (MEM) 19 20-22 23 

2.  Amikacin (AK) 14 15-16 17 

3.  Imipenem (IPM) 19 20-22 23 

4.  Ciprofloxacin  (CIP) 15 16-20 21 

5.  Ceftriaxone  (CRO) 19 20-22 23 

6.  Ceftazidime (CAZ) 14 15-17 18 

7.  Aztreonam (ATM) 17 18-20 21 

8.  Amoxicillin+ 

Calvulanic 

acid  

(AMC) 13 14-17 18 

9.  Tetracycline  (TE) 14 15-18 19 

 

3.9.4. C-reactive protein detection 

Three ml of venous blood from preterm neonates were taken for in vitro 

qualitative determination of CRP. Neonate CRP agglutinates with latex 

particles coated with monoclonal anti-CRP antibodies. The aggregates were 

determined turbidimetrically by Cobas C311 machine.  

3.9.5. Hematology analyzer 

EDTA blood samples were analyzed using Sysmex for hematological 

indices. 

  



27 
 

3.10. Data Analysis: 

Data collected was analyzed by SPSS program version 16. 
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REULST 

Total of 70 (100%) samples were collected to detect preterm sepsis, the 

isolates detected were as follows: S.epidermidis15(21.5%), 

E.coli10(14.4%),Psuedomonasaeruginosa6(8.6%) , Klebiella pneumonia 

5(7%)and Candida species 1(1.5%). while no growth was found in 33 

blood culture  (47%) Table: (4.1) 

The study population were distributed according to the age interval , high 

rate of frequency isolates were found  in age group of 26-30 week with 

positive isolate of 23(62%) while those with no growth were found to be 

2(6%) among this group, followed by age group of 35-38 week with 

positive isolate of 9(24.5 %) and no growth in this group was found 

18(54.5%), lastly age group of 31-34 week  the positive isolate was found 

5(13.5%) and no growth was found 13(39.5%). It was significant value 

p.value(0.03)Table: (4.2)  

The study population was distributed according to weight, the high rate of 

isolate was found in weight of (1.1 - 2.0) kg the isolate detected 26(70.3 %) 

and no growth was found 15(45.5%), then weight of (2.1 - 3.0) kg 11 

(29.7%) and no growth was found 18(52.5%).it was significant value 

(0.01)Table: (4.3) 

The gender was found insignificant in this study p.value(0.3).male had high 

rate of growth 24(65%) no growth found 13(39.5%) compared with female 

growth 13(35%) no growth in this group was found 20(60.5%)Table: (4.4) 

The contamination of the medical device was taken as probable source of 

infection ,the high rate of growth was found in nasal cannula8(21.5%) and 

CPAP 6(16.5%) no growth in this group was found 4(12%) followed by 

Nasal  cannula and the growth found 13(35%) no growth in this group was 

found 6(18.2%) then CPAP device the growth found 6(16.5%) no growth in 
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this group was found 4(12%) lastly UVC device the growth found 3(8%) no 

growth in this group was found 1(3%). On the other hand in patients with 

no device the growth was found 4(21.1%) no growth in this group was 

found 9(42.9%) this was appear to be in significantp.value(0.4)Table: (4.5) 

The frequency of growth for the following clinical remarks was found as 

follow Distressed(RDS) 53 (43%), Coffee  ground secretion 6(16%), 

Tachycardia 18 (48.7%), Cannot  tolerate feeding 23(62%), Apnea 23(62%) 

and Convolution 2(5.4%) look ills 13(35%)Table: (6), Table: (4.7) 

The white blood cells and platelet were estimated to the study population, 

the mean of lymphocyte was found in positive growth 17.9 and in the no 

growth 13.5 which is significant p.value(0.02) , Neutrophil mean found 

59.6 in growth and 37.4 in the no growth this is insignificant p.value(0.4) 

and plat let mean was detected 188.7 and in the no growth the platelet mean 

was found 270 p.value(0.01)Table: (4.8) 

c- reactive protein was identify to study population and was found positive 

in 37(100%)  in  the group of isolated microorganism, while the group of no 

growth was detected  positive in 4(12.0%) and negative in 29(88.0%) 

significanp.value(0.00)Table: (4.9) 

the antimicrobial susceptibility was done to all isolate of  S.epidermidis and 

found as follow Vancomycin (100%), DA(60%) , Cotrimethaxazol (33%), 

TE(40%) ,penicillin (13%),erythromycin (27%),  and resistance  (0%) for 

AMC, CN, CAZ, AMTable: (4.10) 

Antibiotic susceptibility was done against E.coli, pseudomonas and 

klebiellaspp.E.coliwas found sensitive to all antibiotic used (MEM, IPM, 

CEFO, CAZ, AMC and TE)(100%) except AK ,CIP and ATM(0.0%)  

.Psuedomonaswas found sensitive (100.0%) to (MEM, CAZ and AMC) and 

resistance (0.0%) to (AK, IPM, CIP, CRO, ATM and TE) and (50.0%) of 
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the Psuedomonas appear sensitive to (CIP). Regarding klebsiellaspp it was 

found sensitive (100.0%) to (MEM, AK, IPM, CAZ and AMC) resistance 

(0.0%) to (CRO and TE) and (50.0%) of them appears sensitive to (CIP) 

Table (4.11) 

Table (4.3) Frequency of isolated microorganism 

No  Isolation  Frequency (%) 

1.  S.epidermidis 15(21.5%) 

2.  E.coli 10(14.4%) 

3.  Psuedomonas aeruginosa 6(8.6%) 

4.  Klebiella pneumoniae 5(7%) 

5.  Candida  spp 1(1.5%) 

6.  No growth 33 (47%) 

 Total  70(100%) 

Table (4.4) distribution of isolated bacteria according to age  

age per week 

Isolation  growth 

p.value 
growth 

no 

growth 

26-30 week 
Count 23 2 

0.03 

% 62 % 6 % 

31-34 week 
Count 5 13 

% 13.5% 39.5% 

35-38 week 
Count 9 18 

% 24.5% 54.5% 
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Table (4.5) distribution of isolated bacteria according to Weight 

Weight  

Isolation  growth 

p.value 
Growth  

No  

growth 

(1.1 - 2.0) kg 
Count 26 15 

0.01 
% 70.3% 45.5% 

(2.1 - 3.0) kg 
Count 11 18 

% 29.7% 54.5% 

     

Table (4.6) distribution of isolated bacteria according to Gender 

Gender  

Isolation  growth 

p.value 
Growth  

No  

growth 

Male  
Count 24 13 

0.3 
% 65% 39.5% 

Female  
Count 13 20 

% 35% 60.5% 
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Table (4.7) Distribution of isolate among medical device 

Medical  devices 

Isolation  growth 

p.value 
Growth  

No  

growth 

Nasal  cannula 
Count 8 8 

0.4 

% 21.5% 24.3% 

UVC 
Count 3 1 

% 8 % 3 % 

CPAP 
Count 6 4 

% 16.5% 12% 

nasal cannula and 

CPAP 

Count 13 6 

% 35% 18.2% 

NON 
Count 7 14 

% 19% 42.5% 

 

 

Table (4.8) Frequency of clinical remarks among study population  

No  Clinical  remarks Frequency (%) 

1.  Distressed  (RDS) 53 (43%) 

2.  look ills 18(45%) 

3.  Cannot  tolerate feeding 3(8%) 

4.  Apnea  3(8%) 

5.  Coffee  ground secretion 7(18%) 

6.  Convolution  1(3%) 

7.  Tachycardia  4(10%) 
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Table (4.9) Distribution of isolation according to clinical remarks 

 Clinical remarks 
Isolation  growth 

p.value 
Growth  No  growth 

Distressed RDS 
Count 26 11 

0.3 
%  70.0% 30.0% 

look ills  
Count 13 24 

0.00 
%  35% 65% 

Cannot  

tolerate feeding 

Count 23 14 
0.4 

%  62% 38% 

Apnea  
Count 23 14 

0.4 
%  62% 38% 

Coffee  ground 

secretion 

Count 6 31 
0.5 

%  16% 84% 

Convolution  
Count 2 35 

0.2 
%  5.4% 94.6% 

Tachycardia  
Count 18 19 

0.9 
%  48.7% 51.3% 
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Table: (4.10) distribution of isolation according to white blood cells 

Growth   Mean p.value 

TWBC 
Growth  17.9 

0.02 
No  growth 13.5 

L 
Growth  33.3 

0.4 
No  growth 37.4 

N 
Growth  59.6 

0.3 
No  growth 54.7 

PLT 
Growth  188.7 

0.01 
No  growth 270.0 

 

Table: (4.11) identification of CRP among study population 

Growth  
CRP 

p.value 
positive negative 

Growth  
Count 37 0 

0.00 
%  100.0% 0.0% 

No  

growth 

Count 4 29 

%  12.0% 88.0% 

 

 

 

 

 

 

 



35 
 

Table: (4.12) Antibiotic susceptibility against S.epidermidis 

Antibiotic   sensitive to S.epidermidis 

VA 100% 

DA 60% 

COT 33% 

TE 40% 

AM 0% 

P 13% 

E 27% 

AMC 0% 

CN 0% 

CAZ 0% 

VA=vancomycin , DA= Clindamycin , COT=Co-trimoxazole , TE= 

tetracycline, AM=Ampicillin , P= penicillin , E=erythromycin, 

AMC=Amoxicillin+Calvulanic acid , CN= Gentamicin , 

CAZ=Ceftazidim 
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Table: (4.13) Antibiotic susceptibility against E.coli, 

Pseudomonasaeruginosaand Klebsiella pneumoniae 

Sensitive  of 

antibiotic 

Isolation  

E.coli P.aeruginosa K.pneumoniae 

MEM 100.0% 100.0% 100.0% 

AK 0.0% 0.0% 100.0% 

IPM 100.0% 0.0% 100.0% 

CIP 0.0% 50.0% 50.0% 

CRO 100.0% 0.0% 0.0% 

CAZ 100.0% 100.0% 100.0% 

ATM 0.0% 0.0% 50.0% 

AMC 100.0% 100.0% 100.0% 

TE 100.0% 0.0% 0.0% 

MEM=Meropenem, IPM=Imipenem, CRO=ceftrixone,CAZ 

=Ceftazidim, AMC =Amoxicillin+Calvulanic acid  

,TE=tetracycline,AK=amkacin ,CIP = ciprofloxacin,  ATM=Aztreonam 
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Discussion  

5.1. Discussion 

The clinical signs and symptoms of neonatal sepsis are subtle and non-

specific, making its early diagnosis difficult, and it can interfere with other 

life-threatening diseases, such as necrotizing enterocolitis and perinatal 

asphyxia . Blood culture is still the gold standard for definitive diagnosis of 

neonatal sepsis, in spite of some drawbacks of blood cultures as being time 

consuming, low sensitivity, and possible contamination especially with 

commensal that could be produced. 

In our study, the prevalence rate of suspected neonatal sepsis during the 

study period was 21 (52.5%) which is  Similar   in high rates were 

previously reported in Egypt (Moore et al, 2005) and other developing 

countries such as Tanzania 39% (N. Kayangeet al ,2010) and Cameroon 

34.7% (Chiabi et al, 2011). In contrast, very low rates were reported in the 

developed countries ( Li et al ,2013 ), which can be explained by the high 

quality of life and high standard measures of health care and hospital 

services in these countries. 

In our study, the incidence of neonatal sepsis was predominantly associated 

with Gram positive cocci, specifically S. epidermidis  compared to Gram-

negative and Candida spp. Similar findings were obtained in other studies 

in Egypt (Shokry et al ,2007) and other different countries (including 

China,Mexico, South Africa, and Kenya) ( Li et al ,2013) (Ballot,2012) ( 

Leal ,2012 ).High rates of  infections were reported in the Middle East, 

Southeast Asia, and Latin America  .On the contrary, Gram-negative 

neonatal sepsis was predominant in other studies (Chiabi et al ,2011) 

(Afsharpaiman ,2012) (Shah,2012).  

The extensive use of invasive devices for caring for the immunologically 

immature neonates especially preterm is the main cause of bacteraemia. 

This finding is supported by the study of (Afsharpaiman, 2012), as, in more 
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than 50% of the cases of bacteremia in NICU, the infection could be 

correlated with the use of venous catheters. Despite the importance and role 

of CONS as etiological agents of neonatal sepsis as proved in many studies, 

determination of the identity of coagulase negative isolates whether being 

true pathogens or contaminants is still problematic. 

 In ourstudy, S. epidermidis15 (37.5%) was the most frequently recovered 

isolate in blood cultures, followed byE.coli 10 (14.4) then Psuedomonas 

aeruginosa 6 (8.6%) and Klebiella pneumoniae5(7%), Candida  

spp1(1.5%)., respectively. Similar findings were reported in other previous 

studies (Liet al, 2013) (F. Koksalet al, 2009) (Piette and Verschraegen, 

2009) 

In our study, all  isolates showed high resistance to ampicillin and 

gentamicin Interestingly, all staphylococcal isolates were sensitive to 

vancomycin as previously found in other reports (A. Chiabiet al ,2011), 

(Kari et al ,2007), but it’s over prescription may result in the development of 

vancomycin-resistant strains such as enterococci. 
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5. 2. Conclusion: 

 

 Both Gram positive and Gram negative bacteria can cause sepsis of 

preterm. 

 S.epidermidis was the most frequent bacteria isolated followed by 

E.coli, Pseudomonas aeruginosa then Klebsiella pneumoniae. 

 VLBW and gestational age of the preterm was found to be a high risk 

factor for preterm sepsis. 

 Preterm gender had no effect on the preterm septic status. 

 CRP test came out as a good indicator for the preterm septic status. 

 RDS was the most clinical remark that showed septicaemia. 

 Medical devices were found to be as source of infection. 
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5.3. Recommendations: 

1. Follow hand hygiene protocol (your 5min for hand hygiene) when 

handling with the Preterm. 

2. Good and frequent care of the preterm by the nurses can prevent 

preterm sepsis. 

3. Appropriate identification of the sepsis source. 

4. Prompt antibiotic prescription and aggressive management can 

effectively prevent adverse events following neonatal sepsis. 

5. Determination of the neonatal sepsis incidence, causative pathogens, 

and the patterns and rates of antibiotic resistance among all the 

neonate and infant populations are necessary to prevent 

complications. 

6. More studies using molecular to identify the resistance gene 

7. Minimise the use of clinical device and asses daily the need of them. 

  



41 
 

REFERENCES 

o Afsharpaiman ,2012Intravenous immunoglobulins suppress 

immunoglobulin production by suppressing Ca2B lymphocytes. Scand J 

Immunol; 40: 37-42. 

o Barbara J.2011. Stoll: Infections of the Neonatal Infant.In: Robert 

M. Kliegman et al (19th eds): NelsonTextbook of Pediatrics. Philadelphia, 

PA:Elsevier Saunders:629-648. 

o Ballot,Rubayet S, Shahidullah M, Hossain A .2012.Newborn 

survival in Bangladesh: a decade ofchange and future implications. Health 

Policy andPlanning;27:iii40-iii56 

o Aggarwal R, Sarkar N, Deorari AK, Paul VK.,2014. Sepsis in the 

newborn, New Delhi.110029 

o Bangladesh Demographic and Health Survey – Preliminary report 

2011. Barbara J. Stoll: Infections of the Neonatal Infant. In: Robert M. 

Kliegman et al (19th eds): NelsonTextbook of Pediatrics. Philadelphia, PA: 

Elsevier Saunders, :629-648. 

o Blot SI, Depuydt P, Annemans L, Benoit D, Hoste E and De Waele 

JJ (2005).  Clinical and economic outcomes in critically ill patients with 

nosocomial catheter-related bloodstream infections. Clinical Infectious 

Diseases. Dec 1;41(11):1591-8. 

o B. Murray and T. Pfaller.,1999 Human formyl peptide receptor 2 

senses highly pathogenic Staphylococcus aureus . Cell Host 

Microbe. ;7(6):463–473.  

o Brasil (ANVISA) and. Higienização das mãosemserviços de saúde. 

Brasília(2007)..Available from: http://www. anvisa.gov.br/hotsite 

/higienizacaomaos . 



42 
 

o Brasil (Datasus) and Ministério da SaúdeInformações de saúde-

Estatíst(2012). Available from http: // tabnet. Datasus .gov.Caputo GM,. 

o Chiabi, M. Djoupomb, E. Mah T. G. Abrahamsen, P. Gaustad, and 

P. H. Finne  (2011) . “The clinical and bacteriogical spectrum of neonatal 

sepsis in a tertiary hospital in Yaounde, Cameroon,” Iranian Journal of 

Pediatrics.4(21( . 441–448,. 

o Chowdhury HR, Thompson S, Ali M, AlamN .(2010). Causes of 

Neonatal Deaths in a Rural Subdistrict of Bangladesh: Implications for 

Intervention. J Health PopulNutr2010;28(4):375-382. 

o Chatterjee.,xiaoH,Bollong M, Ai HW ,Schultz PG ,2013.efficient 

viral delivery system for unnatural amino mutagenesis 

Jul16;110(29):11803-8dio 

o Diekema DJ, Pfaller MA, Schmitz FJ, Smayevsky J, Bell J and 

Jones RN, (2001). Survey of infections due to Staphylococcus species: 

frequency of occurrence and antimicrobial susceptibility of isolates 

collected in the United States, Canada, Latin America, Europe, and the 

Western Pacific region for the SENTRY Antimicrobial Surveillance 

Program, 1997-1999. Clin Infect Dis. May 15;32 (l 2):S114-S132. 

o E. Ballot, T. Nana, C. Sriruttan, and P. A. Cooper (2012) . “Bacterial 

bloodstream infections in neonates in a developing country,” ISRN 

Pediatrics. ,Article ID 508512, 6 . 

o El-Din EM, El- Sokkary MM, Bassiouny MR and Hassan R.,(2015). 

Epidemiology of neonatal sepsis and implicated pathogens, Egypt. BioMed 

Res Int.;509484:11.  

o ElsadigYousif Mohamed, Sami Eldirdiri, Humida Ali Gurashi, 

Mohamed Ahmed A/GadirElimam. Sawsan M. Abdalla and Abdalla Ali 



43 
 

Khamis(2018). .Neonatal sepsis in a General Sudanese Teaching Hospital, 

Sudan. Article (PDF Available). January with 209 Reads.Neonatal sepsis 

in a General Sudanese Teaching Hospital, Sudan 

o Ferraz .andHigienização das mãos,2011. neonatal sepsis and 

implicated pathogensclinical journal of amarican society of nephrology 

6(5),554-561 

o F. Koksal, H. Yasar, and M. Samasti, (2009) . Antibiotic resistance 

patterns of coagulase-negative staphylococcus strains isolated from blood 

cultures of septicemic patients in Turkey,” Microbiological Research. 

4(164) : 404–410. 

o Foster TJ(2005). Immune evasion by staphylococci. Nat Rev 

Microbiol  Dec;3(12):948-58. 

o Haase B, Faust K, Heidemann M and Scholz T ,Demmert M, Troger 

B, (2011). The modulatory effect of lipids and glucose on the neonatal 

immune response induced by Staphylococcusepidermidis. Inflamm Res. 

Mar;60(3):227-32. 

o HoogenBM,Boss FL, Bussman J .(2009).require for embryonic 

lymphangiogenesis .Nat genet 41(4)396-398. 

o Horstkottej ,Streeker U  ,Daies .2006.  bioflimformationin the 

medical device relatedinfection.journal of artfcial medical research BIOL 

24:9414 

o Goldstein SL ,sDutta ,Pgarcia,(2015) Hosptalized children .clinical 

journal of amarican society of nephrology 10(4),554-561 

o Kayange, Gleske AK, Faoagali ,2010, Cousens S et al. Global, 

regional, and national causes of child mortality: an updated systematic 

analysis for 2010 with time trends since 2000. Lancet 2012;379:2151- 61 



44 
 

o Kari A. Simonsen, Ann L. Anderson-Berry, Shirley F. Delair, H. Dele 

Davies Early(2007)-Onset Neonatal Sepsis DOI: 10.1128/CMR.00031-13 

o Khatun F, Rasheed S, Moran AC et al. Causes of neonatal and 

maternal deaths in Dhaka slums: Implications for service delivery. BMC 

PublicHealth2012, 12:84. 

o Kleinschmidt S, Huygens F, Faoagali J, RathnayakeIU,andHafner 

LM (2015). Staphylococcus epidermidis as a cause of bacteremia. Future 

Microbiol.;10(11):1859–1879.  

o Kretschmer D, Gleske AK, Rautenberg M (2010). Human formyl 

peptide receptor 2 senses highly pathogenic Staphylococcus aureus . Cell 

Host Microbe. ;7(6):463–473.  

o Lawn JE, Mongi P and Cousens S.,(2012). Africa’s newborns-

counting them and making them count. Opportunities for Africa’s 

newborns: practical data, policy and programmatic support for newborn 

care in Africa. 

Leal Y, Álvarez VJ, Rosado U, Diego N, Paz E, 2012. Risk factors and 

prognosis for neonatal sepsis in southeastern Mexico: analysis of a four-

year historiccohort follow-up. BMC Pregnancy Childbirth. 2012;12(1):1 

o Lever A, Mackenzie I. Sepsis: definition, epidemiology, and 

diagnosis. BMJ 2007;335:879- 83. 

o Liu L, Johnson HL, Cousens S.2012. Global, regional, and national 

causes of child mortality: an updated systematic analysis for 2010 with time 

trends since 2000. Lancet ;379:2151- 61. 

o Li,T. Nana, C. Sriruttan, and P. A. Cooper .2013 . “Bacterial 

bloodstream infections in neonates in a developing country,” ISRN 

Pediatrics. ,Article ID 508512, 6  



45 
 

o Mack D, Horstkotte MA., Rohde H and Knobloch J.,(2006). 

Coagulase-negative staphylococci. In: Biofilms, infections and 

Antimicrobial Therapy. Editors: JL, Rupp M, Finch RG. Boca Raton: CRC 

Press; 109-53. 

o Malik A, Hui CPS, Pennie RA and  Kirpalani H.(2003).  Beyond the 

complete blood cell count and C-reactive protein: A systematic review of 

modern diagnostic tests for neonatal sepsis. Arch PediatrAdolesc Med. Jun 

1;157(6):511-6. 

o Mary C. Harris, David A. Munson: Infection and Immunity. In: 

Richard A. Polin, Alan R. Spitzer (eds): Fetal and Neonatal Secrets. New 

Delhi:Elsevier, 2007;292-344. 

o Massey RC, Horsburgh MJ, Lina G and  Hook M (2006). Recker M. 

The evolution and maintenance of virulence in Staphylococcus aureus: a 

role for host-to-host transmission? Nat Rev Micro. Dec;4(12):953-8. 

o Milka B (2013).  To determine the bacterial aetiological agents of 

neonatal sepsis, risks associated with acquisition and the susceptibility of 

these organisms to commonly used antimicrobial agents at kenyatta national 

hospital, Nairobi, Kenya, thesis of masters.MolecularApproach.Washinton 

DC1994.: American Society for Microbiology; 30-46.  

o Mohammad S, Aletayeb H, Khosravi AD, Dehdashtian M, Kompani 

F, Mortazavi M, et al. Identification of bacterial agents and antimicrobial 

susceptibility of neonatal sepsis: a 54-month study in a tertiary hospital. Afr 

J Microbiol res. 2011;5:528–31. 

o Moore K. L, M. A. Kainer, N. Badrawi (2010) “Neonatal sepsis in 

Egypt associated with bacterial contamination of glucose-containing 

intravenous fluids,” Pediatric Infectious Disease Journal. BioMed Research 

International. 7(24):590–594,10  



46 
 

o Otto M.,(2007) Virulence factors of the coagulase-negative 

staphylococci. Front Biosci. Jan 1;9:841-63. 

o Piette and G. Verschraegen, (2009) . Role of coagulase-negative 

staphylococci in human disease,” Veterinary Microbiology.1 (134):45–54,  

o Qazi SA and Stoll BJ (2009). A major global public health challenge. 

Pediatr Infect Dis J.;28:S1-2.  

o Qin L, Da F, Fisher EL,(.,2008). Toxin mediated sepsis caused by 

methicillinresistant  Staphylococcus, epidermidis .  PLoSPathog.  ;13 (2): 

e1006153.  

o Qin L, Mccausland JW, Cheung GY and Otto M (2016). PSM-Mec-

A virulence determinant that connects transcriptional regulation, virulence, 

and antibiotic resistance in staphylococci. Front. Microbiol;7:1293.   

o Queck SY, Jameson-Lee M, Villaruz AE (2008). RNAIII-

independent target gene control by the agr quorum-sensing system: insight 

into the evolution of virulence regulation in Staphylococcus aureus . Mol. 

Cell. ;32(1):150–158. . 

o RichtmannR.(2011). Prevenção de infecçãorelacionada à assistência 

a saúde (IRAS). Cateter vascular central e periférico. In: APECIH. 

Diagnóstico e prevenção de IRAS emNeonatologia, 2nd ed. São Paulo: 

EditoraAnvisa;157-74.  

o Rubayet S, Shahidullah M, Hossain A et al. Newborn survival in 

Bangladesh: a decade of change and future implications. Health Policy 

andPlanning2012;27:iii40 iii56. 

o Setiawan DE, Elliott,AMetwali, ABlum.(2004) . inflammatery bowel 

disease prevent indusreialcontery .Eurpean journal of science Apr ; 

5(4):292-294 



47 
 

o Shah BA, PadburyJF(2014 ).Neonatal sepsis an old problem with 

new insights USA. Landes Biosci.;5(1):170–178.  

o Shah, S. A. Mulla, and S. B. Revdiwala (2012). “Neonatal sepsis: 

high antibiotic resistance of the bacterial pathogens in a neonatal intensive 

care unit of a tertiary care hospital,” Journal of Clinical Neonatology. 2(1): 

72–75, 50. 

o Shaha C, Dey S, Shabuj H, Chisti J, Mannan M, Jashimuddin M, 

etal(2012). Neonatal sepsis review. Bangladesh J Child Health.;36(2):82–9. 

o Shaw G,Sim K, Randell P, Cox J, McClure Z, Li M-S, et al. Late-

Onset Bloodstream Infection and Perturbed Maturation of the 

Gastrointestinal Microbiota in Premature Infants. PloS one. 

2015;10(7):e0132923. 

o Shokry, M. I. Bassyouni, S. Abu-El-Moon, M. Maoz, and S. Tamer, 

(2007). “Evaluation of 16s rDNA amplification by PCR and some 

immunological mediators assessment compared with blood culture in 

diagnosis of neonatal sepsis,” El-MiniaMedical Bulletin. (18):1–17. 

o Simonsen KA, Anderson-Berry AL, Delair SF, Davies HD.,(2014). 

Early-onset neonatal sepsis. ClinMicrobiol Rev.;27(1):22–47.  

o Spaan AN, Van StrijpJaG, Torres VJ (2017). Leukocidins: 

staphylococcal bi-component pore-forming toxins find their receptors. Nat. 

Rev. Microbiol. ;15(7):435–447.  

o Stearns-Kurosawa DJ Osuchowski MF, Valentine C, Kurosawa S, 

Remick DG. (2011) The pathogenesis of sepsis. Annu. Rev. Pathol.;6:19–

48.  



48 
 

o Tricia L. Gomella: Sepsis. In: Tricia L. Gomella et al (eds): 

Neonatology: Management, Procedures, On-call Problems, Diseases, 

andDrugs. New York: McGraw-Hill, 2009:665-672 

o Van den Hoogen. 2010. longe trend in the epidemiology of neonatal 

sepses and antibiotic;997(1):22-8doi 

o Vergnano S, Sharland M, Kazembe P and MwansamboC(2005). Heat 

PT. Neonatal sepsis: an international perspective, London. Arch Dis Child 

Fetal Neonatal Ed.;90:F220–F224.  

o Vuong C, Kocianova S, Voyich JM, Yao Y,. Fischer ER, DeLeo FR, 

(2004). A crucial role for exopolysaccharide modification in bacterial 

biofilm formation, immune evasion, and virulence. J Biol 

Chem;279(52):54881-6. 

o WafaBabiker1 ,Amany Ahmed1 , Taiser Babiker1 , Elamin 

Mohamed Ibrahim1. andBabikerSaadAlmugadam (2018) . Prevalence and 

Causes of Neonatal Sepsis in Soba University Hospital, Sudan. Babiker, 

Med Microbiol Rep: 1:2 

o Wang R, Khan BA, Cheung GY (2011).Staphylococcus 

epidermidis surfactant peptides promote biofilm maturation and 

dissemination of biofilm-associated infection in mice. J. Clin. 

Invest.;121(1):238–248.  

o Woldu MA, Guta MB, Lenjisa JL, Tegegne GT, TesafyeG.(2014) 

Assessment of the incidence of neonatal sepsis, its risk factors, 

antimicrobials use and clinical outcomes in bishoftu general hospital, 

neonatal intensive care unit, Debrezeit-Ethiopia. PediatTherapeut .;4(4):1–

7. 



49 
 

o World Health Organization.(2012). The WHO Guidelines on Hand 

Hygiene in Health Care. Global patient safety challenge: clean care is safer 

care. 

o Y. A. Leal, J. ´ Alvarez-Nemegyei, J. R. Vel´azquez (2012) . “Risk 

factors and prognosis for neonatal sepsis in southeasternMexico: analysis of 

a four-year historic cohort follow-up,” BMC Pregnancy and Childbirth.(12) 

article 48,  

o Ying Dong,Christian P. Speer,and Kirsten Glaser.(2018) 

Staphylococcus epidermidis is an underestimated but significant contributor 

to neonatal morbidityVirulence. 2018; 9(1): 621–633. Published online  Feb 

27.  

o Z. Li, Z. Xiao, Q. Zhong, Y. Zhang, and F. Xu,(2013) “116 cases of 

neonatal early-onset or late-onset sepsis: a single center retrospective 

analysis on pathogenic bacteria species distribution and antimicrobial 

susceptibility,” International Journal of Clinical and Experimental 

Medicine .8(6): 693–699 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29405832
https://www.ncbi.nlm.nih.gov/pubmed/?term=Speer%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=29405832
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glaser%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29405832
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5955464/


50 
 

Appendix 1 

Sudan University of science and technology 

Detection of Bacterial Causative Agent in Preterm Neonatal sepsis Infants 

in Khartoum state 

Questionnaire  

Patient name: …………………………………………………………….. 

Patient gender:……………………………………………………………. 

Patient age:……………………………………………………………….. 

Patient weight:……………………………………………………………. 

Currently antibiotics used………………………………………………... 

Medical devices attached to the patient: ………………………………  

 Month of delivery or section operation:………………………………… 

 Name of hospital admitted to:…………………………………………... 

Clinical remarks of sepsis:……………………………………………… 

Blood culture result: ……………………………………………………. 

Antibiotic sensitivity test ……………………………………………….. 

CRP result: ……………………………………………………………… 

Hematological indices result: ………………………………………...... 


