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Antibiotic overuse and infections caused by 
antibiotic resistant pathogens is a worldwide 
problem that threatens the achievements of 

modern medicine 
 

 

WHO REPORT 2014 
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1.  DEFINING EOS 

• MODE 

*Image from Goldenberg et al. N Engl J Med. 2000; Benirschke et al Obstet&Gynecol 1959 



1.  DEFINING EOS: LACK OF CONSENSUS 

• MODE • AGE LIMIT 

neonIN 
Surveillance 

network 

<48 hours 

<72 hours 

<7 days 

*Bedford Russell et al. ADC - Fetal and Neonatal Edition 2015; Stoll et al Pediatrics 2011; Cortese et al Pediatrics and Neonatology 2016 
 



1.  DEFINING EOS: LACK OF CONSENSUS 

• MODE • AGE LIMIT or not? 

LMIC:  Community acquired 
infection 

HIC:  
<72 hours - VLBW 

<7 days- Term 

*Mukhopadhyay et al Seminars in perinatology 2012;  Fuchs et al Pediatrics and International Child Health 2017 



2.  GEOGRAPHY OF INCIDENCE 

 

*Stocker et al Lancet 2017 
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*Sgro et al, Paediatrics & Child Health 2018 ; Schrag et al Pediatrics 2016; Singh et al ADC Fetal and Neonatal Edition 2018 
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*Seale et al Lancet 2009; Vergagno et al ADC 2005 
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Underreported: 

 
• Home deliveries 
• Limited access to healthcare 
• Limited access to diagnostic tests 
• Available data from tertiary centers not 

representative 
 

*Seale et al Lancet 2009; Vergagno et al ADC 2005 

EOS rates per 1000 live births superimposed on NNMR: 
LMIC  



 

• 124 neonatal beds 
• 8 NICU beds 
• 4 High Care beds 

 
• Total deliveries region 33 360 
• Total institutional deliveries 7986 

 

• EOS 1.9/1000 live births 
• GBS 0.5/1000 live births 

• Excluding Listeria outbreak 0.9/1000 live 
births 
 

Tygerberg Hospital: 2017 

*Unpublished data 



 

• 124 neonatal beds 
• 8 NICU beds 
• 4 High Care beds 

 
• Total deliveries region 33 360 
• Total institutional deliveries 7986 

 

• EOS 1.9/1000 live births 
• GBS 0.5/1000 live births 

• Excluding Listeria outbreak 0.9/1000 live 
births 
 

Not representative of South Africa  
 

Tygerberg Hospital: 2017 

*Unpublished data 



3.  ETIOLOGIES: HIC 

1. Group B streptococcus  2. Escherichia coli  3. Listeria monocytogenes 

5. S. aureus 4. CoNS 6. H. influenzae 

* Singh et al ADC Fetal and Neonatal Edition 2018; Fuchs et al Pediatrics and International Child Health 2017   



Early-onset neonatal infections in Australia and New Zealand, 2002-2012 
Tarun Singh, Elizabeth H Barnes, David Isaacs, Australian Study Group for Neonatal Infections 

Archives of Disease in Childhood – Fetal and Neonatal Edition Published Online First: 27 March 2018 



3.  ETIOLOGIES: LMIC 

4. Group B streptococcus  

3. Escherichia coli  2. S. aureus 

5. S. pneumoniae 6. Salmonella spp. 

1. Klebsiella spp. 

* Fuchs et al Pediatrics and International Child Health 2017; Zea-Vera et al J Trop Pediatrics 2015; Downie et al ADC 2013   



Challenges in the diagnosis and management of neonatal sepsis 
Alonzo Zea-Vera, Theresa J. Ochoa 

Journal of Tropical Pediatrics, Volume 61, Issue 1, 1 February 2015 

Developing countries 
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TYGERBERG: ETIOLOGY OF EOS 2017 

*Unpublished data 
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TYGERBERG: ETIOLOGY OF EOS 2017 

Combination of  
HIC and LMIC 

 etiologies 

*Unpublished data 

Listeria outbreak 

Listeria 
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E faecalis 
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27% 
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WORLD’S LARGEST LISTERIA OUTBREAK 



WORLD’S LARGEST LISTERIA OUTBREAK 

 

• 1034 cases 

 

• 13% in Western Cape 

 

• 43% in neonates 

 

• 28% mortality 



Figure 2: Outcome of laboratory-confirmed listeriosis cases by age group, South Africa, 01 January 
2017 to 17 May 2018 (n=735, where outcome is known) 



Figure 1: Epidemic curve of laboratory-confirmed listeriosis cases by date of clinical specimen 
collection ( n= 1034) and sequence type (ST) (n-541), South Africa, 01 January 2017 to 17 May 2018 



Neonatal listeriosis during a countrywide epidemic:  
a tertiary hospital’s experience 

Dramowski A, Lloyd LG, Bekker A, Holgate S, Reddy K, Aucamp M, Finlayson H 
Accepted for publication: South African Medical Journal  23 April 2018 
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Neonatal listeriosis during a countrywide epidemic:  
a tertiary hospital’s experience 

Dramowski A, Lloyd LG, Bekker A, Holgate S, Reddy K, Aucamp M, Finlayson H 
Accepted for publication: South African Medical Journal  23 April 2018 

 

• Listeria sequence type 4b most common in outbreaks 

 

• RSA outbreak – Sequence type 6 

 

• Lower mortality during outbreak when compared to sporadic cases 

 

• Higher mortality than global (25% vs 16%) 
• Reflects mortality at a tertiary center 

 
 



Neonatal listeriosis during a countrywide epidemic: a tertiary 
hospital’s experience 
Dramowski A, Lloyd LG, Bekker A, Holgate S, Reddy K, Aucamp M, Finlayson H 
Accepted for publication: South African Medical Journal  23 April 2018 

 
 

WORLD’S LARGEST LISTERIA OUTBREAK: 
SOURCE IDENTIFIED 



4.  PREVENTION PROGRAMS: GBS 

*Benitz et al J Ped 2015; Seale et al Lancet 2009; Dagnew et al Clinical Infectious Diseases 2012; Darlow et al Obs & Gynecol 2015 

1.8/ 1000 LB 0.25/ 1000 LB GBS prophylaxis 
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• Poor identification previous baby with GBS 
• Limited/No screening 
• High maternal carriage (13-22%) 
• High incidence 1.8-3.06/1000 LB 



VACCINE VS INTRAPARTUM ANTIBIOTIC 
PROPHYLAXIS IN AFRICA 

Prevent 30-54% of invasive  
neonatal disease 
(Vs 10% with IAP) 

Vaccinate 75% women 

If vaccine 50-90% effective 
 

*Cortese et al Ped & Neonatology 2016; Heyderman et al Lancet Inf Dis 2016 



5.  WHO IS AT RISK? 

10 x increased risk 
Poor immune defense 

Fever 
Fetal tachycardia 

Uterine tenderness  
Foul odor of amniotic 

fluid 

>18 hours – 
 4x increased risk 

*Mukhopadhyay et al Semin Perinatol 2012; Benitz et al Pediatrics 1999; Higgins et al Obstet Gynecol 2016; Schrag et al Pediatrics 2016 

<37 weeks Chorioamnionitis 
Rupture of 

membranes 
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>18 hours – 
 4x increased risk 

*Cuna et al Frontiers Pediatr 2014; Benitz et al Pediatrics 1999; Higgins et al Obstet Gynecol 2016; Schrag et al Pediatrics 2016 
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5.  WHO IS AT RISK? 

*Mukhopadhyay et al Semin Perinatol 2012; Benitz et al Pediatrics 1999; Higgins et al Obstet Gynecol 2016; Schrag et al Pediatrics 2016 

<37 weeks Chorioamnionitis 
Rupture of 

membranes 

85% preterm 
births occur in 
Africa and Asia 

17% get EOS 
Undiagnosed 

Untreated 

Poor transport 
Home deliveries 

Education ↓ 



5.  WHO IS AT RISK? 

12-27% asymptomatic 
colonization 

50% perinatal 
transmission 

1-2% invasive disease 

Ethnicity  
Socio-economic status 

Frequent vaginal exams 
Invasive fetal 
monitoring 

Pharmacological 
cervical ripening 

*Mukhopadhyay et al Semin Perinatol 2012; Schuchat et al Pediatrics 2000; Van Dyke et al NEJM 2009; Meyn et al Am J Epidemiol 2002 
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Maternal 

demographics 
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5.  WHO IS AT RISK? 

Frequent vaginal exams 
Invasive fetal 
monitoring 

Pharmacological 
cervical ripening 

*Cortese et al Ped&Neonatology 2016; Schuchat et al Pediatrics 2000; Van Dyke et al NEJM 2009; Cools et al Scientific Reports 2017 

GBS colonization 
Maternal 

demographics 
Obstetric practices 

Poor antenatal 
care 

Limited IAP 

African 
Poor socio-

economic status 
HIV 



Role of HIV exposure and infection in relation to neonatal GBS disease 

and rectovaginal GBS carriage: a systematic review and meta-analysis. 
Cools P, van de Wijgert JHHM, Jespers V, et al.  

Scientific Reports. 2017;7:13820. doi:10.1038/s41598-017-13218-1 

HIV-exposed neonates were 
not at increased risk for early-

onset neonatal disease, but 
were 4.43 times more likely to 
have late-onset neonatal GBS 

disease 



5.  WHO IS AT RISK? 

Frequent vaginal exams 
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5.  WHO IS AT RISK? 

*Mukhopadhyay et al Semin Perinatol 2012; Schuchat et al Pediatrics 2000; Van Dyke et al NEJM 2009; Meyn et al Am J Epidemiol 2002 

GBS colonization 
Maternal 

demographics 
Obstetric practices 

Poor antenatal 
care 

Limited IAP 

African 
Poor socio-

economic status 
HIV 

‘Unclean’ 
practices 

Home deliveries 



AT RISK: TO TREAT OR NOT TO TREAT 

*Berardi et al Pediatrics 2013; Bedford Russel ADC Fetal Neonatal Ed 2015; Polin et al Pediatrics 2012; Kuzniewich et al JAMA 2017   

Clinically symptomatic 

Well-appearing at risk newborns 

Empirical antibiotics per 
guideline 

Deciding who not to treat or 
when to stop treatment 



AT RISK: TO TREAT OR NOT TO TREAT 

*Berardi et al Pediatrics 2013; Bedford Russel ADC Fetal Neonatal Ed 2015; Polin et al Pediatrics 2012; Kuzniewich et al JAMA 2017   

Clinically symptomatic 

Well-appearing at risk newborns 

Empirical antibiotics per 
guideline 

Deciding WHO NOT TO TREAT or 
WHEN TO STOP treatment 



6.  THE DIAGNOSTIC DILEMMA 

*Bedford Russel ADC Fetal Neonatal Ed 2015; Benitz et al J Ped 2015; Malik et al Arch Ped Adolesc Med 2003; Manucha et al J Ped Child H 2002 

Gold standard 
Physiological 

variation 
I/T ratio 

Serial 
measurements 

Blood culture Complete blood count C-reactive protein 



6.  THE DIAGNOSTIC DILEMMA 

‘Flawed’ 
↓ yield 

↑ contamination 

*Unpublished data: Tygerberg Hospital Unit for Infection Control and Prevention, Sr M Aucamp 

Tygerberg Hospital 

Blood culture 
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6.  THE DIAGNOSTIC DILEMMA 

C-reactive protein 

‘Flawed’ 
↓ yield 

↑ contamination 

*Bedford Russel ADC Fetal Neonatal Ed 2015; Benitz et al J Ped 2015; Malik et al Arch Ped Adolesc Med 2003; Manucha et al J Ped Child H 2002 

Blood culture Complete blood count 

Difficult to 
interpret 
I/T ratio 

unavailable 

Serial 
measurements 
Point-of-care 



6.  THE DIAGNOSTIC DILEMMA 

*Stocker et al Lancet 2017; Bedford Russel ADC Fetal Neonatal Ed 2015; Benitz et al J Ped 2015 

New tests 

Diagnosis 
Disease severity 

De-escalation 

’Less’ invasive 
Blood culture 
CRP, PCT, IL-6 

Hepcidin 
CBC 

CD64; TNF∝; presepsin 
IL-6; IL-8, IL-35 

16s rRNA 
Proteonomics/ 

Genomics 
 

Procalcitonin Cord blood 
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6.  THE DIAGNOSTIC DILEMMA 

 

Serial 
measurements 
9.9 hours less 

Expensive 

Hospital delivery 
More research 

needed 

Expensive 
Not available 

*Bedford Russel ADC Fetal Neonatal Ed 2015; Benitz et al J Ped 2015; Motta et al Scand J Inf Dis 2014; Du et al PlosOne 2014 

Procalcitonin Cord blood New tests 



7.  EMPIRIC ANTIBIOTICS  

*Bedford Russel et al ADC Fetal Neonatal Ed 2015; Fuchs et al Ped and Int Child Health 2017; Stocker et al Lancet 2017   
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7.  EMPIRIC ANTIBIOTICS  

*Bedford Russel et al ADC Fetal Neonatal Ed 2015; Fuchs et al Ped and Int Child Health 2017; Stocker et al Lancet 2017   

Over- 
treatment 

Anti- 
biotic 

 resistance 

0.1% 

7% 
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Antibiotic use 

Altered  
micro- 
biome 



8.  OUTCOME OF EOS 

 

• Major contributor to neonatal mortality 
 

• 2-3% term infants 

 

• 20-30% preterm infants 

 

• Long-term neurological deficit 

 

*Hug et al Child Mortality Report 2017;Klinger et al Pediatrics 2010 



CONCLUDING REMARKS 

Early onset neonatal sepsis is a  

LOW INCIDENCE 

 HIGH CONSEQUENCE disease 



Table Mountain  


