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ABSTRACT

Background: Neonatal sepsis is poorly defined. The absence of a consensus
neonatal-specific definition for sepsis results in variability in reporting early-onset
neonatal sepsis and limitations with the comparison of current audits. There is limited
research on the epidemiology of early-onset neonatal sepsis in low and middle-

income countries.

Methods: To review the epidemiology of culture-proven early-onset neonatal sepsis
over six years at Charlotte Maxeke Johannesburg Academic Hospital. This was a
retrospective descriptive study of bloodstream culture-proven early-onset neonatal
sepsis at Charlotte Maxeke Johannesburg Academic Hospital between 1 January 2013
and 31 December 2018.

Results: There were 100 episodes of early-onset bacterial bloodstream infections over
the study period. The majority of infections were Gram-positive (73%). Mortality was
significantly higher in Gram-negative sepsis 12/27 (44.4%) as compared with Gram-
positive sepsis 9/73 (12.3%) P < 0.001. Group B streptococcus culture predominated
isolates 37/100 (37%) followed by Staphylococcus aureus (15%). Listeria
Monocytogenes sepsis peaked in 2017, in keeping with the epidemic in South Africa.

Conclusion: Gram-positive organisms continue to be the majority of organisms
cultured in newborns with early-onset neonatal sepsis, in the Charlotte Maxeke
neonatal unit. Gram-negative sepsis was associated with significantly higher mortality
in our study. In order to reach the Sustainable Development Goals and target a
neonatal mortality rate below 12 per 1000 by 2030, early-onset neonatal sepsis needs

to be addressed at a local and global level.

(Word count 226)
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ABSTRACT

Background: Neonatal sepsis is poorly defined. The absence of a consensus neonatal-
specific definition for sepsis results in variability in reporting early-onset neonatal sepsis
and limitations with the comparison of current audits. There is limited research on the

epidemiology of early-onset neonatal sepsis in low and middle-income countries.

Methods: To review the epidemiology of culture-proven early-onset neonatal sepsis over
six years at Charlotte Maxeke Johannesburg Academic Hospital. This was a retrospective
descriptive study of bloodstream culture-proven early-onset neonatal sepsis at Charlotte
Maxeke Johannesburg Academic Hospital between 1 January 2013 and 31 December
2018.

Results: There were 100 episodes of early-onset bacterial bloodstream infections over
the study period. The majority of infections were Gram-positive (73%). Mortality was
significantly higher in Gram-negative sepsis 12/27 (44.4%) as compared with Gram-
positive sepsis 9/73 (12.3%) P < 0.001. Group B streptococcus culture predominated
isolates 37/100 (37%) followed by Staphylococcus aureus (15%). Listeria
Monocytogenes sepsis peaked in 2017, in keeping with the epidemic in South Africa.

Conclusion: Gram-positive organisms continue to be the majority of organisms cultured
in newborns with early-onset neonatal sepsis, in the Charlotte Maxeke neonatal unit.
Gram-negative sepsis was associated with significantly higher mortality in our study. In
order to reach the Sustainable Development Goals and target a neonatal mortality rate
below 12 per 1000 by 2030, early-onset neonatal sepsis needs to be addressed at a local
and global level.

(Word count 226)



1. Background

Worldwide, an estimated four million children die annually within the neonatal period.(1)
Of these newborns, 75% will die within the first week of life with the highest risk of
death on the first day of life.(2) The majority of neonatal deaths (99%) occur in low and
middle-income countries (LMICs).(2) According to the 2016 Perinatal Problem
Identification Programme (PPIP) data, the leading causes of neonatal deaths in South

Africa are complications of prematurity, intrapartum-related events, and infections.(3)

Infections continue to cause significant mortality and morbidity in neonatal units across
the globe. Incidence and pathogens associated with early-onset neonatal sepsis (EONS)
(<72 hours of life) differ widely and change constantly between neonatal units. In

LMICs, epidemiology of EONS is largely unknown.(4)

Neonatal sepsis remains poorly defined. The lack of a consensus neonatal-specific
definition contributes to current inadequacies in evaluating and comparing neonatal
sepsis audits meaningfully.(5) Early clinical identification and diagnosis of neonatal
sepsis remains difficult as presentation of sepsis in newborns is non-specific and variable
and current markers of early-onset sepsis are neither sensitive nor specific. Delays in
initiation of empiric antibiotic treatment results in significant mortality and morbidity. (6)
Injudicious use of antibiotics, in neonatal units, has lead to the emergence of

antimicrobial-resistant organisms which also adds to neonatal mortality. (6)

Ongoing sepsis audits are essential within neonatal units. They guide programmes
designed to reduce the neonatal mortality rate (NMR), aid in the development of vaccines
for maternal immunisation against prevalent pathogens like Group B streptococcus and

guide empiric antibiotic prescriptions.(7, 8)

This study aimed to review the epidemiology of culture-proven EONS in a tertiary care

hospital in Johannesburg over six years.



2. Methods

2.1 Study setting

This was a secondary analysis of an established database reviewing newborns with
culture-proven EONS compared to those without EONS at Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH), a tertiary care academic hospital in
Johannesburg, South Africa. CMJAH neonatal unit services approximately 15 000
deliveries per annum — born both in hospital and at satellite midwifery obstetric units, or

other hospitals and referred.

Culture-proven EONS was defined as isolation of a pathogenic bacterial organism in the
bloodstream of a newborn, before 72 hours of life, associated with clinical signs or
laboratory features suggestive of sepsis. Newborns were included if they were inborn and
admitted within 72 hours of life to CMJAH neonatal unit between 1% January 2013 and
31% December 2018. Newborns were excluded if: they had missing data about EONS,
grew more than one organism on blood culture, or grew an organism considered to be a
contaminant on blood culture. Cultures growing Actinomyces viscosus, Bacillus species,
Corynebacterium and Sphingomonas paucimobilis were considered contaminants.
Coagulase-negative staphylococcus (CoNS) and Viridans Group Streptococci (VGS)
were excluded from analysis, as additional data was not available from the database to
assign clinical significance of these cultures. Only bacterial bloodstream infections were

included in this report.

As a standard of care, all newborns who were assessed by a physician to have a diagnosis
of a suspected bacterial infection were admitted to the neonatal unit and were
investigated for sepsis. This included: a full blood count, aseptically collected blood
culture and a C-reactive protein (CRP) at 24 hours. During the study period, empiric
intravenous antibiotics prescribed for all newborns with a suspected early-onset bacterial
infection was ampicillin together with gentamicin. Premature newborns presenting with

signs of respiratory distress were considered to have possible bacterial infection and



started on the above mentioned empiric antibiotic cover. Antibiotics were discontinued as
soon as sepsis was ruled out — that is, the newborn was clinically improving, negative

CRP at 24 hours and negative blood cultures at 24 to 48 hours.

2.2 Data collection

This study was a secondary analysis of an existing neonatal database. Data was routinely
collected from all newborns admitted to the unit, upon discharge or death, for the purpose
of clinical auditing and quality improvement. Data was managed using Research
Electronic Data Capture (REDCap) hosted by the University of the Witwatersrand.(9)
Data was exported to a Microsoft Excel (Version 14.6.0) spreadsheet. Limited data
pertaining to maternal, demographic and clinical characteristics for each patient were
included. Data included: maternal age, gravidity, parity, maternal hypertension, mode of
delivery, Human immunodeficiency virus (HIV) exposure, chorioamnionitis, presence of
culture-proven EONS, birth weight, sex, gestational age, Apgar score at 5 minutes, need
for invasive/non-invasive ventilation at delivery, presence of intraventricular
haemorrhage (IVH) Grade 3 or 4, length of hospitalization, and outcome at discharge
(survived or demised). Chorioamnionitis was based on the maternal records as being
present or absent. Grading of IVH was according to Papile.(10) Administration of

antenatal steroids was based on maternal records as being administered or not.

2.3 Statistical Analysis

Statistical analysis was done using SPSS version 26 (IBM, USA). Categorical variables
were described using frequencies and percentages. Normally distributed continuous
variables were described as means and standard deviations, skewed data was described
using medians and interquartile range. The group with culture-proven EONS was
compared with the group without EONS with regards to maternal, obstetric and clinical
characteristics and outcome at discharge using univariate analysis. Chi-square tests were
used to compare categorical variables, and continuous variables were compared using
unpaired t-tests (for normally distributed variables) and non-parametric tests (for those

variables with skewed distribution). Statistically significant differences with a p-value <



0.05 were reported. Cases with missing or unknown values were excluded from the

analysis of each variable.

2.4 Ethics

Approval of this study was obtained from the Human Research Ethics Committee of the

University of the Witwatersrand, Johannesburg (clearance certificate M191153).

3. Results

Figure 1 illustrates how the final sample of 7 720 newborns were selected for inclusion in

the study.

Of the 10 398 newborns who were assessed for eligibility 2 418 newborns were excluded
as they were either outborn, transferred in from a referral hospital or admitted after 72

hours of life.



Figure 1: Newborns included in the study of culture-proven early-onset neonatal

sepsis in a tertiary hospital in Johannesburg, 1 January 2013 to 31 December 2018.
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Newborn clinical characteristics

The median birth weight of the newborns was 2010 grams (IQR 1640 grams, n=7719)
and the mean gestational age was 34.22 weeks (SD 4.743, n=7712). The majority of
admissions were male (n=4151/7698, 53.9%). The majority of newborns were delivered
via Caesarean section (CS) (n=4987/7681, 64.9%). The median length of hospital stay
was seven days (IQR 17 days, n=6691). HIV exposure occurred in 30% of the newborns
(n=2317/7720).



Maternal Characteristics

The mean maternal age was 28.74 years (SD 6.263, n=7355), mean gravidity was 2.46
(SD 1.320, n=7216), and mean parity was 1.2 (SD 1.123, n=7220).

Mortality

Over the study period 11.6 % of the newborns died 893/7719. Twenty-one of the
newborns with culture-proven EONS died (n=21/100, 21%). The presence of EONS was
strongly associated with mortality (p=0.003).

Bacterial organisms cultured

The organisms causing EONS are tabulated in Table 1. There were 100 episodes of blood
culture-proven EONS. The incidence of culture-proven EONS was 1.29 per 100
admissions (100/7720). Gram-positive organisms were isolated in 73 newborns (73%)
and Gram-negative organisms in 27 newborns (27%). The most common Gram-positive
isolate was Group B streptococcus (GBS) and the most common Gram-negative isolate

was Klebsiella pneumoniae.



Table 1: Organisms causing early-onset neonatal sepsis in the neonatal unit at a

tertiary hospital in Johannesburg, 1 January 2013 to 31 December 2018.

Organism n (%)

Gram-positive 73/100
Staphylococci

Staphylococcus aureus 15/100 (15)
Enterococci

Enterococcus faecalis 9/100 (9)
Streptococci

Group B streptococcus 37/100 (37)

Streptococcus pneumoniae 1/100 (1)

Other

Listeria monocytogenes 11/100 (11)

Gram-negative 27/100
Enterobacteriaceae

Escherichia coli 9/100 (9)

Citrobacter koseri 1/100 (1)

Klebsiella pneumoniae 10/100 (10)

Carbapenem resistant enterobacteriaceae 1/100 (1)
Other

Acinetobacter baumannii 3/100 (3)

Haemophilus influenza 2/100 (2)

Pseudomonas aeruginosa 1/100 (1)

In table 2, newborns with culture-proven EONS are categorised into extremely low birth
weight (<1000 grams), very low birth weight (1000-1500 grams), low birth weight
(1500-2000 grams) and > 2500 grams weight categories.



Table 2: Weight categories of newborns with culture-proven early-onset neonatal

sepsis admitted into the neonatal unit, 1 January 2013 to 31 December 2018.

Weight (grams) Culture-proven EONS n (%)
<1000 17 (17)
1000-1500 19 (19)
1500-2500 30 (30)
>2500 34 (34)

In Table 3, categorical variables are compared between the group of newborns with

culture-proven EONS and those without EONS.

Table 3: Categorical variables of newborns with culture-proven early-onset
neonatal sepsis and those without early-onset neonatal sepsis admitted into the

neonatal unit, 1 January 2013 to 31 December 2018.

Variable Culture-proven EONS No EONS p-value *
n (%) n (%)

Vaginal delivery 55/100 (55) 2639/7581 (34.8)  <0.001
Male 52/100 (52) 4099/7598 (53.9)  0.698
HIV exposed 38/100 (38) 2279/7620 (29.9)  0.079
Chorioamnionitis 5/92 (5.4) 233/7245 (3.2) 0.233
Apgar at 5 minutes <5 13/96 (13.5) 732/7497 (9.8) 0.216
Received antenatal steroids 16/88 (18.2) 1374/6033 (22.8)  0.307
Intraventricular haemorrhage (Grade 3 or 4) 4/17 (23.5) 138/1448 (9.5) 0.052
Maternal hypertension 9/91 (9.9) 1249/7255 (17.2)  0.065
Multiple pregnancy 10/98 (10.2) 923/7563 (12.2) 0.547
Resuscitation at delivery 43/99 (43.4) 3170/7558 (41.9)  (.765
Non-invasive ventilation at birth 39/99 (39.4) 2529/7488 (33.8)  0.240
Invasive ventilation at birth 22/100 (22) 818/7450 (11) <0.001

*Chi-square
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There were significant associations between vaginal delivery and culture-proven EONS
as well as invasive ventilation at birth and culture-proven EONS. There was an
association, although not statistically significant, between grade 3 and 4 IVH and EONS.
All other clinical variables were not statistically significantly associated with culture-
proven EONS (see Table 3.) There was no statistically significant association between
Human Immunodeficiency virus exposure (12/27) and Gram-negative EONS p value =
0.101.

Table 4 shows the continuous variables of newborns with culture-proven EONS and
those without EONS. The length of hospital stay was statistically significantly longer in
newborns with culture-proven EONS. There were no statistically significant differences

between the other continuous variables.

Table 4: Continuous variables of newborns with culture-proven EONS and those
without EONS born and admitted into the neonatal unit, 1 January 2013 to 31
December 2018.

Variable I(Elzl)llt\lusr CPrOVER  potaln No EONS Total n i-value
Birth weight (grams) 1975 (IQR 1803) 100 2010 (IQR 1640) 7619 0.989
gf:;itsl;’nal age 33.38 (SD 5.039) 100 34.23 (SD 4.739) 7612 0.075
Maternal age (years) 27.76 (SD 6.116) 93 28.75 (SD 6.264) 7262 0.634
Length of stay (days) 11 (IQR 16) 89 7 (IQR 17) 6602 <0.001

* Mann Whitney U used for Birth weight and Length of stay and Mean difference used for Gestational age

and Maternal age
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Mortality within the culture-proven EONS group

Mortality was significantly higher in Gram-negative EONS 12/27 (44.4%) as compared
with Gram-positive EONS 9/73 (12.33%) p < 0.001.

Klebsiella pneumoniae and Escherichia coli (E. coli) EONS were associated with
significantly higher mortality. Klebsiella pneumoniae mortality was 5/10 p < 0.001 and
E. coli mortality was 3/9 p = 0.041.

4. Discussion

This retrospective study reviewed the epidemiology of culture-proven EONS in a tertiary
hospital in Johannesburg. We found that Gram-positive EONS accounts for the majority
of EONS in this unit. Gram-negative culture-proven EONS was strongly associated with

mortality, in our unit.

Over the study period, the majority of EONS was caused by Gram-positive organisms
(73%). Group B Streptococcus was the most common Gram-positive isolate. This result
is comparable with a study in Soweto, South Africa, between August 2013 and
September 2014, where 71% of pathogens associated with EONS were Gram-positive
organisms.(4) Current empiric antibiotic therapy using ampicillin, in our study site, to

cover for Gram-positive sepsis remains a rational choice.

Group B Streptococcus was the most common organism, over the study period
(n=37/100, 37%). This correlates with studies elsewhere in South Africa highlighting the
high burden of GBS infection.(11, 12) In a study in Soweto, South Africa, the incidence
of invasive early-onset GBS disease (< 7 days) was 1.41 per 1 000 live births.(12)
CMIJAH uses risk-based screening rather than a culture-based screening approach to

prevent vertical transmission of GBS. The fluctuating per annum incidence of GBS, in

12



the CMJAH neonatal unit, may be associated with the inadequacies in the risk-based
screening approach used in the obstetrics unit and late presentation of mothers who may
have benefited from intrapartum antibiotic prophylaxis. Understanding epidemiology
provides an approach to reduce neonatal deaths. Developing a vaccine, as an alternative
preventative strategy, to immunize pregnant women from GBS prevalent serotypes could

reduce the incidence of neonatal invasive GBS disease.(11, 12)

In our study, 34 newborns were excluded as they cultured a contaminant on blood
culture. Contamination of blood culture arises when organisms not present in the
bloodstream, mostly present as skin flora, are grown in culture. The false-positive
cultures result in clinical uncertainty, increased antibiotic usage, increased duration of
stay and increased health care costs.(13) Rates of contamination of blood cultures in the
neonatal population vary considerably between neonatal units from as little as 0.6% to
over 6%.(13) Neonatal units need to design procedures to reduce the rates of blood
culture contamination. Methods to reduce contamination include sterile collection
bundles of care. This includes strict hand hygiene, use of chlorhexidine cleaning
solutions, sterile gloves, sterile blood culture collection packs, dedicated phlebotomy
teams, and ongoing education and training programmes.(14) Continued surveillance and
epidemiological studies are also crucial to monitor rates of false-positive results and to

introduce quality improvement cycles.

In some studies of EONS, CoNS is always considered a contaminant and excluded from
analysis, as it is difficult to decide whether CoNS is a clinically significant isolate or not.
(4, 15) In this review, we excluded 86 newborns who cultured CoNS. In a review in the
CMIJAH neonatal unit in 2009 to 2010, CoNS was the most common overall isolate in
EONS and late-onset neonatal sepsis (n=47/246, 19.1%).(6) In the CMJAH neonatal unit
in 2012, CoNS accounted for 30.8% of EONS (n=12/39).(16) The clinical significance of
CoNS remains difficult to interpret because they are found abundantly as natural skin
commensals.(15) CoNS are generally associated with low mortality. However, CoNS
strains are associated with an increasing pattern of antibiotic resistance especially to B-

lactam antibiotics.(17, 18) The use of empiric antibiotic in neonates and the use of

13



maternal antibiotic prophylaxis may be driving the development of bacterial resistance to
commonly used antibiotics within neonatal units. In light of emerging antibiotic
resistance patterns of CoNS, it is crucial to find means to accurately identify CoNS as

true pathogens from contaminants.

During the period 2013 to 2016, there were no documented sporadic Listeria
monocytogenes infections. From 1 January 2017 to 31 December 2018, there were eleven
Listeria cases, which corresponds with the Listeria epidemic in South Africa from mid-
June 2017 to July 2018.(19) The mortality associated with Listeria cases at the CMJAH
unit was 18% (n=2/11). In an audit from Tygerberg Hospital, Cape Town, from 1 January
2017 to 31 January 2018, the mortality in confirmed Listeria cases was 25%
(n=3/12).(20) Regular auditing of EONS within neonatal units assists with surveillance

and early warning of potential outbreaks and ensures directed antibiotic treatment.

In our study, chorioamnionitis was not strongly associated with EONS. This may be, in
part, as a result of the narrow diagnostic criteria used to define chorioamnionitis and
inadequate identification of mothers with clinical features of chorioamnionitis.
Interestingly, studies have shown that in premature newborns the presence of
chorioamnionitis has been associated with reductions in respiratory distress syndrome,

chronic lung disease and mortality. (21)

In our study, 64.9% (4987/7681) of the deliveries were via CS, which is much greater
than that proposed by the International Healthcare Community of between 10-15%.(22)
CMJAH is a tertiary referral centre for high risk obstetrics cases, likely contributing to
the high rate of CS. We found vaginal delivery to be strongly associated with EONS.
This association may be as a result of vaginal colonization with pathogenic bacteria

resulting in EONS.
Gram-negative EONS was strongly associated with higher mortality which is in keeping

with the audit in the same unit from 2009 to 2010.(6) E. coli was the second most

common Gram-negative organism (n=9/100, 9%) and this is in keeping with a study in

14



Soweto, South Africa, where E. coli accounted for 8% of culture-proven EONS
(n=8/99).(4) In the developed world, E. coli is estimated to be the second leading cause of
EONS.(23) Klebsiella pneumoniae was the predominant Gram-negative organism in our
study (n=10/100, 10%), however Klebsiella pneumonia was less frequently isolated in the
study in Soweto (1%).(4) Variability in incidence of Gram-negative sepsis may be, in
part, affected by the use of maternal antibiotic prophylaxis.(23) Gentamicin seems an
appropriate antibiotic, in our study site, to be used synergistically with ampicillin to cover

for Gram-negative organisms.

Culture-proven EONS was associated with higher mortality, in our study. This result is
consistent with the 2016 PPIP data which lists sepsis as one of the leading causes of
neonatal deaths in South Africa.(3) This result is also consistent with the global estimates
of severe infection being a direct cause of neonatal deaths.(2) In order to target the
sustainable development goal for NMR, efforts need to be intensified in LMICs to
address preventable early neonatal deaths. Improved quality and timeous data collection

remains essential to strategize how to reduce neonatal deaths related to EONS.(2)

5. Limitations

This was a retrospective review of an existing database. There was no control over how
newborns identified to have clinical sepsis had bacterial blood cultures drawn in terms of

sterility and volume of blood drawn.

The lack of a consensus definition for EONS results in difficulties comparing existing

research.
CMJAH is a tertiary level academic hospital dealing with both high-risk pregnancies and

deliveries and this may create limitations regarding the generalizability of this this study

to the larger South African neonatal population.
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6. Conclusion

Epidemiological review of culture-proven EONS, within neonatal units, remains an
important practice. Gram-positive EONS still predominates in the CMJAH neonatal unit,
with GBS remaining an important cause of EONS. Mortality is strongly associated with
Gram-negative EONS within the unit, specifically Klebsiella pneumoniae and E. coli. By
regular auditing we are able to improve our understanding of organisms associated with
EONS, implement strategies designed to reduce the NMR, and compare current research

meaningfully.
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Overview

The author guidelines include information about the types of articles
received for publication and preparing a manuscript for submission.
Other relevant information about the journal's policies and the
reviewing process can be found under the about section.

The compulsory cover letter forms part of a submission and must
be submitted together with all the required forms. All forms need to be
completed in English.

Original Research Article

An original article provides an overview of innovative research in a
particular field within or related to the focus and scope of the journal,
presented according to a clear and well-structured format.

3500 words (excluding the structured
abstract and references)

250 words to include a Background, Methods,
Results and Conclusion

Word limit

Structured abstract

References 50 or less

Tables/Figures no more than 7 Tables/Figure

Ethical statement should be included in the manuscript
Compulsory

.. ethical clearance letter/certificate
supplementary file

Original Research Article full structure

Title: The article’s full title should contain a maximum of 95 characters
(including spaces).
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Abstract: The abstract, written in English, should be no longer than
250 words and must be written in the past tense. The abstract should
give a succinct account of the objectives, methods, results and
significance of the matter. The structured abstract for an Original
Research article should consist of four paragraphs labelled
Background, Methods, Results and Conclusion.

Background: Summarise the social value (importance, relevance) and
scientific value (knowledge gap) that your study addresses.

Methods: Clearly express the basic design of the study, and name or
briefly describe the methods used without going into excessive detail.

Results: State the main findings.

Conclusion: State your conclusion and any key implications or
recommendations.

Do not cite references and do not use abbreviations excessively in the
abstract.

Introduction: The introduction must contain your argument for the
social and scientific value of the study, as well as the aim and
objectives:

Social value: The first part of the introduction should make a clear and
logical argument for the importance or relevance of the study. Your
argument should be supported by use of evidence from the literature.

Scientific value: The second part of the introduction should make a
clear and logical argument for the originality of the study. This should
include a summary of what is already known about the research
question or specific topic, and should clarify the knowledge gap that
this study will address. Your argument should be supported by use of
evidence from the literature.

Conceptual framework: In some research articles it will also be
important to describe the underlying theoretical basis for the research
and how these theories are linked together in a conceptual framework.
The theoretical evidence used to construct the conceptual framework
should be referenced from the literature.

Aim and objectives: The introduction should conclude with a clear
summary of the aim and objectives of this study.

Research methods and design: This must address the following:

Study design: An outline of the type of study design.
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Setting: A description of the setting for the study; for example, the
type of community from which the participants came or the nature of
the health system and services in which the study is conducted.

Study population and sampling strategy: Describe the study population
and any inclusion or exclusion criteria. Describe the intended sample
size and your sample size calculation or justification. Describe the
sampling strategy used. Describe in practical terms how this was
implemented.

Intervention (if appropriate): If there were intervention and
comparison groups, describe the intervention in detail and what
happened to the comparison groups.

Data collection: Define the data collection tools that were used and
their validity. Describe in practical terms how data were collected and
any key issues involved, e.g. language barriers.

Data analysis: Describe how data were captured, checked and cleaned.
Describe the analysis process, for example, the statistical tests used or
steps followed in qualitative data analysis.

Ethical considerations: Approval must have been obtained for all
studies from the author's institution or other relevant ethics committee
and the institution’s name and permit numbers should be stated here.

Results: Present the results of your study in a logical sequence that
addresses the aim and objectives of your study. Use tables and figures
as required to present your findings. Use quotations as required to
establish your interpretation of qualitative data. All units should
conform to the SI convention and be abbreviated accordingly. Metric
units and their international symbols are used throughout, as is the
decimal point (not the decimal comma).

Discussion: The discussion section should address the following four
elements:

Key findings: Summarise the key findings without reiterating details of
the results.

Discussion of key findings: Explain how the key findings relate to
previous research or to existing knowledge, practice or policy.

Strengths and limitations: Describe the strengths and limitations of
your methods and what the reader should take into account when
interpreting your results.
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Implications or recommendations: State the implications of your study
or recommendations for future research (questions that remain
unanswered), policy or practice. Make sure that the recommendations
flow directly from your findings.

Conclusion: Provide a brief conclusion that summarises the results
and their meaning or significance in relation to each objective of the
study.
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with a description of the contribution. Authors are responsible for
ensuring that anyone named in the Acknowledgments agrees to be
named. Refer to the acknowledgement structure guide on

our Formatting Requirements page.

Also provide the following, each under their own heading:

Competing interests: This section should list specific competing
interests associated with any of the authors. If authors declare that no
competing interests exist, the article will include a statement to this
effect: The authors declare that they have no financial or personal
relationship(s) that may have inappropriately influenced them in
writing this article. Read our policy on competing interests.

Author contributions: All authors must meet the criteria for authorship
as outlined in the authorship policy and author
contribution statement policies.

Funding: Provide information on funding if relevant

Data availability: All research articles are encouraged to have a data
availability statement.

Disclaimer: A statement that the views expressed in the submitted
article are his or her own and not an official position of the institution
or funder.

References: Authors should provide direct references to original
research sources whenever possible. References should not be used by
authors, editors, or peer reviewers to promote self-interests. Refer to
the journal referencing style downloadable on our Formatting
Requirements page.
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BACKGROUND

Worldwide, each year, an estimated 4 million babies die in the neonatal period
and of these babies 75% will die within the first week of life with the highest risk
of death on the first day of life (2). Ninety nine percent of neonatal deaths arise in
low and middle income countries and half of these neonates will die at home
without reaching health care facilities and without being documented in any
formal registration system (2) (6).

The majority, 81%, of neonatal deaths in South Africa occur within the first week
of life (3). Data from the 2016 STATS SA report, Perinatal deaths in South Africa,
which collates data from the Department of Home Affairs (DHA), captured 6722
early neonatal deaths (0-7days) in South Africa for the year 2016 with 69.8% of
these deaths occurring within the first three days of life (25). In this statistical
release, Gauteng province contributed to the largest proportion of early neonatal
deaths in the country at 28% of all early neonatal deaths (25). The neonatal
mortality rate (NMR) is the number of neonatal deaths (deaths in the first 28 days
of life) per 1000 live births. The NMR is a key indicator for newborn care and
directly reflects prenatal, intrapartum and neonatal care. The South African
Demographic Health Survey reported a NMR of 21-29 per 1000 live births for the
5 years preceding the 2016 survey. Rapid mortality surveillance reports,
produced by the Medical Research Council, indicate that based on statistics,
from Statistics SA, between 2012 and 2015 NMR has remained the same at 11-
12 per 1000 live births in South Africa (26). According to the 2016 Perinatal
Problem Identification Programme data, the leading causes of neonatal deaths in
South Africa are: complications of prematurity, intrapartum-related events and
infections (3). Both these NMR rates as well as the data collected from DHA
seem discordant with the World Health Organization estimation of NMR in sub-
Saharan Africa of 44 per 1000 live births (2). The discordance in NMR and
limitations in establishing why and how newborns die may be attributed to: lack of
reliable birth and death registration data (3), inadequate data capturing of

neonatal specific causes of death, deaths occurring outside healthcare facilities
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(3), misclassification of neonatal deaths as stillbirths (27), allocation of a death to
an individual cause where multiple factors may play a role in a death as well as
lack of diagnostic tests which have a high sensitivity and specificity for neonatal
sepsis (4). In order to be in line with meeting the sustainable development goal
(SDG) 3 and target a NMR of 12 per 1000 live births by 2030, South Africa must
have timely accurate data and the country’s efforts to reduce the NMR need to
be intensified (3, 28).

Neonatal infections continue to cause significant mortality and morbidity in
neonatal units, across the globe. Severe infections contribute to the majority,
36%, of all causes of neonatal deaths (2). Periodically reviewing sepsis as a
direct cause of neonatal mortality is of great public health importance in order to
drive better service delivery, guide programmes designed to reduce NMR and in

order to reduce the emergence of antimicrobial resistance.

Early—onset neonatal sepsis (EONS) occurs within 72 hours of life and is
considered to be as a result of bacterial organism transfer intra, peri or post-
partum via the maternal genital tract (17). Organisms associated with EONS
colonise the maternal recto and genitourinary tract and result in: amniotic fluid,
placental, cervical or vaginal contamination (24). Risk factors for EONS can be
organized into maternal and neonatal factors. Neonatal factors associated with
EONS include: prematurity, low birth weight, congenital anomalies, complications
of assisted deliveries, low Apgar scores, innate neonatal immunological
deficiencies, impaired skin barrier function, invasive skin breaching procedures
and invasive ventilation (3, 24, 29). Maternal risk factors for EONS include:
ingestion of contaminated foods, procedures during pregnancy (cerclage and
amniocentesis), prolonged rupture of membranes, maternal fever, colonization
with group B streptococcus, maternal immunity, difficulties at delivery (birth
asphyxia or obstructed labour), chorioamnionitis and meconium stained amniotic
fluid (7, 24).
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Definitions of neonatal sepsis are variable and there is lack of a neonatal-
specific consensus definition for sepsis (5). Having a positive culture is often
considered to be the “gold standard” in the definition of infection, however
culture-negative or clinical sepsis is a well known neonatal entity (5). The entity
of culture-negative neonatal sepsis may represent nearly 60% of neonates
presenting with clinical sepsis (30) and this contributes to the low reporting of

neonatal sepsis in neonatal units around the world.

Three retrospective research reports reviewed culture proven sepsis at Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH). A study from June 2002 to
July 2003 reviewed the epidemiology of neonatal sepsis. In this study there was
an EONS incidence of 0.4 per 1000 live births (n=5) (31). A second study
between June 2009 to June 2010 reviewed sensitivity patterns of all neonatal
bacterial blood stream infections (11) and the incidence of EONS was 0.93 per
1000 live births (n=16). The third study from January 2012 to December 2012
evaluated culture-proven neonatal sepsis. In this study there was an incidence of
EONS of 1.7 per 100 admissions (n=33) (16). In a study at Chris Hani
Baragwanath Academic Hospital, in Soweto, from August 2013 to September
2014 the incidence of culture-confirmed EONS was 3.2 per 1000 live births (4).
Periodic review of pathogen associated causes of EONS is an essential part of
effective infection control strategies and is essential in guiding the use of empiric
antibiotic therapy (11).

Organisms causing Early Onset Neonatal Sepsis

Organisms causing EONS are broadly classified according to their initial
microbiological gram stain as gram-positive or gram-negative. Identification of
organisms according to their gram stains has important implications in guiding

physicians with choosing an empiric antibiotic regimen.

The most common organisms causing EONS in the CMJAH neonatal unit in
2009 were coagulase-negative staphylococci (CoNS) (n=12/39) and CoNS were
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the second commonest organism causing EONS in 2009/2010 (n=4/16) and the
situation is similar in other neonatal intensive care units worldwide (17, 18).
CoNS are gram-positive organisms and common inhabitants of the skin and
mucous membranes and transmission primarily occurs via horizontal
transmission but vertical transmission also occurs (32). Poor aseptic technique in
collecting blood cultures may be a cause of blood culture contamination and this
may result in over treating neonates and lead to the development of antibiotic
resistance. The clinical significance of CoNS is difficult to interpret because they
are found abundantly as a natural skin commensal (11) (32) and are generally
associated with low mortality. However CoNS strains are associated with an
increasing pattern of antibiotic resistance especially to B-lactam antibiotics (17)
(18) and rates of methicillin resistance can be up to 80% - 86% (11).
Distinguishing true infection from blood culture contamination by means of
collecting multiple blood cultures prior to initiating antibiotics, in the critically ill
neonate, is not possible. Postponing the initiation of antibiotics whilst awaiting
bacterial confirmation of culture specimens, in neonates, is also not practical.
The non-specific laboratory and clinical signs of neonatal sepsis along with the
rapid progression of neonatal sepsis makes it difficult to interpret blood
specimens that have cultured CoNS and to decide whether to treat or not to treat.
Prompt diagnosis and early antibiotic therapy in CoNS sepsis remains crucial in
neonates because of the significant morbidity, prolonged hospital stays and
considerable costs to neonatal units (17, 29). It has become crucial to identify
CoNS as true pathogens from contaminants in light of the emerging antibiotic

resistance patterns of CoNS organisms.

Group B streptococcus (GBS) also known as Streptococcus agalactiae
accounted for only 2/39 cases of EONS in 2012 but in 2009/2010 it was the
predominant pathogen causing EONS (n=7/17) (11, 16). Variability in isolating
GBS has been noted in other neonatal units. A study over a twelve month period,
at three secondary-tertiary care public hospitals in Johannesburg, highlighted the
high burden of invasive GBS disease as well as the developmental problems
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associated with surviving GBS meningitis in South Africa (10). An incidence of
early onset disease, within seven days of life, was 1.37 per 1000 live births in this
study (n=43) (10). This incidence is in contrast to the situation in the United
States where there has been a notable decline by at least 80% (24) in the
incidence of early-onset GBS and this could be attributed to the use of prenatal
screening and intra - partum antibiotic prophylaxis (IAP) whereas in the south
African context only a quarter of women eligible for IAP receive this treatment

timeously (10).

Staphylococcus  aureus and more concerning methicillin  resistant
Staphylococcus aureus (MRSA) is a cause of gram-positive EONS.
Staphylococcus aureus infection contributed to (n=3/39) of culture proven EONS
in 2012 (16). Similar to CoNS, Staphylococcus aureus is a ubiquitous human
inhabitant and colonization predominates the anterior nares. MRSA is associated
with significant mortality and morbidity including adverse long term neonatal
outcomes resulting in substantial disease burden (33). The emergence of
vancomycin resistant S. aureus poses huge challenges for anti-microbial

treatment options in neonates.

Listeria Monocytogenes (LM) is a Gram-positive ubiquitous food-borne pathogen
that causes the disease named listeriosis. Listeria is associated with severe and
invasive infections in immune-compromised hosts including pregnant women and
newborns. Transmission from pregnant mother, transplacentally or during and
after delivery via contaminated amniotic fluid, results in EONS and these
neonates present with severe disease and experience high mortality. LM is
associated with sporadic and epidemic human infections mostly from high-
income countries and seen less frequently in developing countries (20). Listeria
was not isolated as a cause for EONS in the CMJAH unit in 2009/2010 nor in
2012 (16). In South Africa, the world’s largest documented outbreak of listeriosis
was noted from mid June 2017 - July 2018 with a total of 1060 cases reported
from January 2017 to July 2018 with most of the cases, 59% arising from
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Gauteng. The source of this outbreak was related to a ready-to-eat processed
meat production facility, Enterprise Foods, in Polokwane, South Africa (19). This
outbreak highlights the importance of surveillance in units. According to the
National institute for communicable diseases (NICD) neonatal LM bacteraemia
and meningitis is treated according to the standard treatment guidelines and
essential medicines list for South Africa with intravenous ampicillin with or without

gentamicin, at the discretion of the attending physician.

Extended-spectrum beta-lactamase (ESBL) - producing Enterobacteriaceae are
gram-negative bacteria of major clinical concern. ESBL-producing Klebsiella
pneumoniae accounted for 1/16 and 9/39 organisms causing EONS in the
CMJAH unit in 2009/2010 and 2012 respectively (11, 16). ESBL organisms are
pathogens associated with outbreaks in neonatal units, worldwide, and their
presence carries with it tremendous clinical significance (34). ESBL organisms
colonize the gastro intestinal tract of patients as well as contaminating the
environment (mattresses, incubators, glove boxes, scales and ultrasound gels)
within neonatal units acting as reservoirs for future continued transmissions via
person-to-person spread. ESBL- producing bacteria produce a challenge to
neonatal units in terms of antibiotic treatment options, as resistance patterns to
empiric antibiotics are high, as well as the high rates of neonatal mortality
associated with resistant gram-negative organisms (11, 35). The treatment
choice for serious infections due to ESBL-producing organisms are the
carbapenems, however there has been an emergence in quinolone and
carbapenem-resistant isolates and this already has created significant
therapeutic challenges (34).

Acinetobacter baumannii (A. baumannii), a gram-negative aerobic cocco-bacilli,
is also emerging as a cause of sporadic EONS in newborns and is also
implicated in outbreaks in neonatal units as a result of their ability to survive
within hospital environs for prolonged periods. A baumannii EONS accounted for
7/39 isolated in the CMJAH unit in 2012. A. baumannii have the ability to develop
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resistance to various classes of antimicrobials by producing B-lactamases
resulting in both multi and extremely drug resistant pathogens. A. baumannii is
also associated with: longer hospitalization, risks for further adverse advents,
decreased family bonding, high costs to neonatal units and higher overall
neonatal mortality (36).

Escherichia coli (E.coli) are gram-negative bacteria which frequently colonize the
maternal vaginal canal. Neonates acquire the infection at or just after delivery. E.
Coli are estimated as the second leading cause of EONS in the developed world
and are frequently associated with: severe infections, meningitis, high mortality
rates, high rates of adverse complications and long term disabilities in neonates
(23). In contrast in CMJAH, E. Coli contributed to no EONS in 2009/2010 and
2/39 cases of EONS in 2012. The incidence of E. Coli EONS may be in part
affected by use of maternal antibiotic prophylaxis (24) and or the increasing
survival of very low birth weight infants. E. Coli is the most frequent cause of
EONS when very low birth weight neonates are considered alone (24). There is
also an emergence of ampicillin-resistant E. coli isolates in neonatal units which

impacts empiric antibiotic choice (37).

Incidence and pathogens associated with EONS differ widely between countries.
Data suggest that EONS accounts for a high burden of disease especially in Sub
Saharan Africa, however incidence and aetiologies of infections are largely
unknown and remain elusive in low-middle income countries (4, 7). In order to
continue to improve our understanding of EONS uniformity in definitions of
neonatal sepsis need to be addressed. Future epidemiological large population
based studies addressing pathogens associated with EONS and identifying risk
factors associated with EONS need to be conducted in order to reduce neonatal
deaths (7). Neonatal units are obliged to periodically review EONS
epidemiological patterns in order to: guide empiric antibiotic prescriptions,
improve neonatal mortality, guide policy makers to devise policies to address the
quality of maternal and newborn care (6), aid in development of vaccines against
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prevalent pathogens (7), meet SDG targets, reduce resistance to antibiotics as

well as advocate for stricter infection control measures within neonatal units.

The aim of this study is to review the epidemiology of culture proven EONS.

OBJECTIVES
* To describe the clinical and demographic characteristics of the study
sample.
* To compare the prevalence and causative organisms of culture-confirmed
EONS (<72hours), per annum, over the study period.
* To describe risk factors and in hospital survival for EONS by comparing

neonates with and without EONS.

PATIENTS AND METHODS

Study site

The neonatal unit at CMJAH is a tertiary academic neonatal unit in
Johannesburg, South Africa. The 99 bedded neonatal unit is comprised of 5
clinical areas: a 14 bedded combined medical and surgical intensive care unit
which serves both paediatric and neonatal patients, a 10 bedded transitional unit,
a 35 bedded high care unit, a 30 bedded low care neonatal ward and a 10
bedded kangaroo mother care unit. The unit services both inborn babies and ill
outborn neonates who are transferred in from peripheral drainage clinics and
hospitals. CMJAH neonatal unit services about 15000 deliveries per annum —

both in hospital and at satellite midwifery obstetric units.

As a standard of care, all neonates who are assessed by a physician to have a
diagnosis of a suspected serious bacterial infection are admitted to the CMJAH
unit and get a routine laboratory work up for sepsis. This work up for sepsis
includes; a full blood count with a differential count, an aseptically collected blood
culture and a C- reactive protein. Empiric intravenous antibiotics are initiated

after cultures have been taken. Current empiric antibiotic choice in the CMJAH
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neonatal unit includes the use of ampicillin to cover potential gram-positive
organisms and an aminoglycoside, gentamicin, to cover potential gram-negative

organisms.

Study sample

All newborns admitted to the CMJAH neonatal unit between 1 January 2013 and
31 December 2018 are eligible for inclusion in the study.

Inclusion criteria: neonates who were born in CMJAH and admitted to the
CMJAH neonatal unit.

Exclusion criteria: neonates with late onset neonatal sepsis (>72hours).

Data collection

Data for this retrospective descriptive study will be collected from two main
sources.

The first source is an existing neonatal computer database. There is ongoing
data collection for the purpose of clinical auditing and quality improvement.
Information is collected from all neonates admitted to the neonatal unit, upon
discharge or death. Data is collected weekly by attending medical staff on data
collection sheets, which are verified against hospital records. Data is entered
onto the computer database and is checked again. Data is managed using
Research Electronic Data Capture (REDCAP) hosted by the University of the
Witwatersrand (8). Relevant obstetric, demographic and clinical information will
be collected for each subject (see data collection sheet and definitions below).

Definitions

Culture-confirmed EONS: isolation of a pathogenic bacterial organism in the
blood stream of a neonate before 72 hours of life associated with clinical signs
and/or laboratory features suggestive of sepsis.

This study will not be equipped to investigate culture-negative EONS.
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Cultures containing growth of bacteria namely: Bacillus species, Corynebacteria
species, CoNS, Micrococcus species and Streptococcus viridans will be
excluded from the study.

In the case of cultures growing more than one organism, results will be

considered contaminants and will not included in the analysis.

A neonate will be considered exposed to human immunodeficiency virus (HIV) if
born to a mother who was diagnosed antenatally or at delivery with HIV-1 or HIV-
2.

APGAR score at 5 and 10 minutes will be documented as a proxy for neonatal
encephalopathy.

Intraventricular haemorrhage (IVH) was documented based on Papile et al's
cranial ultrasound grading as follows: Grade 3 - IVH with ventricular dilatation
and Grade 4 -IVH extending into adjacent brain parenchyma (9) .

Sex will be based on appearance of external genitalia as male, female or

unknown.

Mode of delivery will be classified as either vaginal for any vaginal delivery or

caesarean section for any elective or emergency caesarean section.

Maternal antenatal care attendance will be considered as being received if a
mother received any prenatal obstetrical care prior to the admission during which
birth occurred and will be considered negative if she received no prenatal

obstetrical care.

Clinical Data definitions are according to the Vermont Oxford Network (VON)
2019 manual of operations.
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STATISTICAL ANALYSIS

All the demographic and laboratory data will be exported into Microsoft Excel
2010 for data cleaning and checking. The final data will be exported into IBM
SPSS version 25 for analysis. The final sample will be described. Continuous
variables will be described using mean and standard deviation, if normally
distributed, and median and interquartile range if the distribution is skewed.
Categorical variables will be described using frequencies and percentages. The
sample will be divided into neonates with EONS and those without. In hospital
survival, demographic, obstetric and clinical characteristics will be compared
between these groups. The chi-square test will be used to compare categorical
variables and unpaired t-tests will be used to compare continuous variables. A p-
value of <0.05 will be considered as statistically significant. All variables with a p-
value of <0.1 will be entered into a binary logistic regression to provide adjusted
odds ratio for risk factors associated with EONS.

Sample size estimation

There are approximately 1500 inborn neonates admitted to the CMJAH neonatal
unit per annum and about 10% of these neonates develop late onset sepsis and
a further 10% do not have culture results. The total sample size is therefore
estimates to be 6000 neonates. It is therefore estimated that there will be 240
neonates with EONS during this study period.

ETHICAL CONSIDERATIONS

Data will be de-identified and this information will be kept separately in a file only
accessible to the investigator. De-identifying data pertaining to: personal names,
birth date, date of death, hospital identification numbers and admission dates will
preserve patient privacy, confidentiality and anonymity. The commencement of
this study is provisional on approval from: the University of the Witwatersrand
Human Research Ethics Committee, University of the Witwatersrand
postgraduate committee and from the hospital Chief executive officer of CMJAH.
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FUNDING

Funding for this study will all be from personal finances.
Stationery inter alia (printing costs, paper, pens) R300
Fibre costs R880 p/month

PROJECT MILESTONES/TIMING

RESEARCH REPORT TIMELINE April - | Octob | Nov | Nov | Dec 2019 - | Dec
July er-19 | -19 | -19 |Jan 2020 -21
2019

Literature Review

Protocol Preparation

Approval school-based Masters
protocol assessments

Approval Ethics committee
(Online) Turn around time 28
days

Data collection Research Block
confirmed

Processing of data

Final Submission dates
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