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Abstract

Introduction: Bacterial meningitis in children is an important public health concern
both globally and in South Africa. To date, there are a paucity of nationally
representative data examining the incidence as well as associated characteristics of
bacterial meningitis (excluding tuberculosis(TB)) on the African continent. Further,
literature suggests that there has been little attention to the most common pathogens
(Acinetobacter baumannii, Klebsiella pneumoniae, group B streptococcus (GBS),
Escherichia coli, Staphylococcus aureus, Enterococcus faecium), as well as the
demographic characteristics of children with incident meningitis. Therefore, this study
aimed to describe the incidence and the aetiology of bacterial meningitis and to
compare these characteristics of children under 1-year-old who tested positive for
the two most common pathogens related to their infection.

Methods: To address these gaps in the literature, secondary data from the National
Health Laboratory Service (NHLS)Central Data Warehouse (CDW) was analysed to
examine the incidence, the aetiology and to compare the characteristics of children
who tested positive to the 2 most common pathogens identified during the period. A
sample of 2,647 cases of laboratory-confirmed meningitis was used and described
by the frequency(n) and percentage (%) tables for the aetiology while Poisson and
binary logistic regression methods were employed respectively to calculate the
incidence and to compare the characteristics of children who tested positive to the 2

most common pathogens isolated.

Results: The study suggests an increase in the number of cases (358 cases in 2014
to 723 cases in 2018) as well as the annual incidence of most pathogens over the
study period. Demographic variables associated with incidence included age (being
under the age of 28 days), being male and living in Gauteng . The highest
incidence was calculated among neonates (A. baumannii: 168.9 per 100 000
persons) while the lowest was calculated in the postneonatal period (Enterococcus
faecalis 1.01 per 100 000 persons.). A. baumannii (19.42%) followed by K.
pneumonia (17.76%), GBS (14.51%) were the most common pathogens detected.
Regarding the age group, A. baumannii (23.91%), K. pneumonia (19.42%) GBS

(19.28%) were the most commonly identified organisms among the neonates while



K. pneumonia (15.75%), S aureus (14.25%), A. baumannii (14%) were the most

commonly organisms isolated in the postneonatale period.

Conclusion: Over the 5-year study period, after the introduction of the Hib vaccine
and PCV, there was still an increasing trend in the annual incidence of most
pathogens and a change in the leading pathogens with the emergence of pathogens
such as A. baumannii, K. pneumonia, GBS. In addition to increased uptake of
vaccination against common pathogens, prophylactic measures could include
prevention of nosocomial and mother to child transmissible pathogens. Among
others, these could include antenatal screening for GBS in pregnant women,
rigorous hygiene methods for the healthcare giver and cleaning, disinfection, and

sterilization of the hospital environment as well as rationalize antibiotic use.
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1 CHAPITER 1: INTRODUCTION

This chapter presents 1.1. a background section describing the definition, the public
health significance, the epidemiology, diagnosis, and treatment of meningitis. 1.2. a
literature review which describes the relevant literature on incidence, aetiology and
factors that affect incidence and aetiology of bacterial meningitis including among
children under 1l-year-old. 1.3. the problem statement. 1.4. the justification for the
study which highlights the public health importance of the study. 1.5. aims and
specific objectives of the study.

1.1 BACKGROUND

Definitions

Meningitis, a serious inflammation of the meninges, the thin, membranous covering
of the brain and the spinal cord is caused by a bacterial, viral, or fungal infection. (1)
Meningitis was first recorded in 1661 as an observation of the inflammation of the
meninges as well as a concurrent fever. (2) In children, viral meningitis is most
common followed by meningitis of a bacterial aetiology. (3,4) In Low-and Middle-
Income Countries (LMIC), the bacterial meningitis fatality rate is estimated at 2% in
children while it is estimated between 40 and 58% in neonates. (5) Global burden of
disease data suggests that LMIC experience a higher burden of bacterial meningitis
than high-income countries. (6)

Public Health significance

Almost 50% of adults and 20% of children who survive meningitis tend to present
with short and more long-term neuropsychological sequelae. (7) The former include
focal neurological deficit while the long-term effects include permanent deafness,
blindness, language disorder, epilepsy, motor delay and cognitive disability after
being discharged from the hospital. (8—=10) A recent retrospective cohort analysis,
albeit from a high-income setting (Denmark), suggested that frequent sequelae
among children who had had bacterial meningitis were hearing loss (15%) followed
by cognitive impairment (12%) and motor or sensory nerve deficits (9%). A 2009

systematic review focused on African countries corroborated some of the Danish
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data. Further, the review suggested that children surviving pneumococcal meningitis
and Haemophilus influenzae type b (Hib) meningitis had a higher risk of
neuropsychological impairment when they were discharged from hospital and that
this risk was higher than in meningococcal meningitis cases. These data suggest
that it is imperative to understand the epidemiology of meningitis including
associated characteristics of neonatal meningitis to later inform prevention and
treatment. (9,11) In addition, a cost-effectiveness analysis by Aerts and colleagues
in the Sub-Saharan African region suggest that hospitalization and treatment of
bacterial meningitis in neonates is costly. Their conclusion is that public health

interventions could focus on the prevention of meningitis.

The African continent is disproportionally affected by bacterial meningitis partly due
to the West African “meningitis belt’. (12) The Sub-Saharan region commonly
referred to as the “meningitis belt” expands from Senegal to Ethiopia and is
characterized by seasonal epidemics of meningococcal meningitis(attack rates of
1000 per 100 0000 persons or higher) every 5 or 10 years. South Africa is not part of
that belt. (13) Soeters and colleagues who are part of The MenAfriNet Consortium
that aims to provide case-based surveillance of meningitis suggest in a 2015
publication that since the introduction of the pneumococcal conjugate vaccine and
the Hib conjugate vaccine, the burden of meningitis due to S. pneumoniae and Hib
has fallen among children aged <5 years around the world. (14,15) However In
Africa, the burden of meningitis continues to be high in the central and the western
Sub-Saharan regions suggesting there clear value to looking at the reasons for

incidence. (6)
Epidemiology of meningitis

Global epidemiological estimates of the incidence of bacterial meningitis are not
entirely conclusive and should be interpreted with caution. Studies sourced yield
varying incidence estimates especially between high income and LMIC. For
example, in 2016, the overall bacterial meningitis incidence varied from 0.5 per 100
000 persons in Australia to 207.4 per 100 000 persons in South Sudan. This advised
caution is due to issues such as the lack of consistency in surveillance systems of
different regions as well as the underreporting of cases. (6,16) However, in 2016, 2.8

million cases of bacterial meningitis were recorded in all ages in the world and 56%



of them were among children under 5 years With an estimated annual incidence of
143.6 per 100 000 persons. (17)

The aetiology of bacterial meningitis varies by geographical area and age-group
wide world. Neisseria meningitis and Streptococcus pneumoniae are common in all
age groups and all regions. (18) Globally, in the neonatal period, E. coli, GBS and
Listeria monocytogenes are the most common pathogens responsible for meningitis.
(19) With almost 25% of all bacterial meningitis, neonates are the most commonly
affected, because of the immaturity of the immune system. In the early neonatal
period research suggests a vertical transmission from mother to child. (16,20)
Beyond this period, the greatest portion of infections is due to a hosocomial infection
or community acquisition. (20) Beyond the neonatal period, three pathogens, S.
pneumoniae, N. meningitidis and Haemophilus influenzae are responsible for most
of the cases of meningitis reported around the world. (18,19) N. meningitidis is
known to be a major cause of endemic and epidemic meningitis around the world.
(16) Pathogens such as Micrococcus sp, Streptococcus viridans, Bacillus sp,

Pseudomonas sp are classified as contaminants. (21)

In South Africa, bacterial meningitis evaluated yearly incidence is 4 per 100 000
persons in all ages groups, 40 per 100 000 per persons in infants less than 1 year
and 7 per 100 000 persons in children between 1 to 4 years aged. (22) In 2007, S.
pneumonia followed by N. meningitis and H. influenzae were the most common
cause of bacterial meningitis among children under 5 years in South Africa. (13)
Additionally the epidemiology of meningitis in this country is influenced by the high
prevalence of HIV,(23) with HIV infection increasing the risk of all invasive bacterial
infections including bacterial meningitis. (24) South Africa also experiences a high
incidence of tuberculous meningitis because of the increasing incidence of TB which
is in turn associated with the country’s high prevalence of HIV. (25) With 3% of all
cases of TB reported in 2018 around the world and an HIV prevalence estimated at
13.7% of the national population in 2020. (26,27) The dual effect of HIV and TB on
meningitis cannot be ignored in the context of examining aetiology and associated
pathogens. A study conducted in Soweto (1997-1999), prior to the Hib vaccine and
PCV introduction, found that 42% of children with meningitis were positive for HIV
type 1 and that among children HIV type 1 was positive. Further, the results of this

study suggested that S. pneumoniae exceeded Hib as the first pathogen causing
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bacterial meningitis in HIV-infected compared with non-infected children. (28)
Another study in Cape Town, found that most of the cases of meningitis tested
positive to TB (126 cases), from the 74% of them who were tested for HIV, 12% of
them tested positive for HIV. (25)

Diagnosis

The laboratory examination of the cerebrospinal fluid (CSF) is an important step in
meningitis diagnosis. CSF examinations include the following: macroscopic
examination, cytological examination, examination of Gram-stained smear, culture,
antimicrobial susceptibility testing, latex agglutination test for antigen detection and

other diagnostic methods. (29)

In South Africa, differential cell count, glucose, total protein, Gram stain, bacterial
culture and sensitivity test of CSF before the initiation of antibiotic treatment is
recommended for any suspicious case without delaying the introduction of the
antibiotic treatment. (22) From all these tests, the culture of CSF is one most
routinely done. It is also the gold standard for the diagnosis of the infectious cause of

meningitis, the most specific and the most sensitive. (19,30)
Treatment and prevention

For bacterial meningitis, an early antibiotics regimen is the most optimal treatment. In
most countries, cephalosporin (ceftriaxone) is used as an empirical treatment. (22)
Several meningitis vaccines are part of the routine immunisation schedule or are
used to control outbreaks around the world. (22) The Hib conjugate vaccine is given
in monovalent formulation or combined with other antigens such as diphtheria
tetanus pertussis vaccine and or, inactivated polio vaccine(IPV). (31,32) In the case
of the meningococcal vaccine, monovalent and multivalent conjugate vaccines are
given in response to outbreaks as well as in several national routine immunisation
programmes. An N. meningitidis’ protein-based vaccine is also used in some
countries. For S. pneumoniae, pneumococcal conjugate vaccines (PCV) covering 10
or 13 of the 95 serotypes of S. pneumoniae are used around the world. In South
Africa, the Hib vaccine and PCV are part of childhood immunisation programmes.
The PCV-7 vaccine (including the serotypes 4, 6B, 9V, 14, 18C, 19F and 23F) was
introduced in 2009 replaced by PCV-13 in 2011(containing additional serotype 1, 3,
5, 6A, 7F and 19A). (22,33,34) The Hib vaccine was introduced in 1999 as part of
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the national immunisation programme and the Hib vaccine booster dose in 2010.
(13,35)Two types of Meningococcal vaccine (a polysaccharide and a protein-
polysaccharide vaccine) are available in South Africa since 2014 but they are not

part of public South African immunisation programmes. (13,22,36)
Table 1 below presents the South Africa vaccine schedule.

Table 1: South Africa expanded programme on immunization (37)

Vaccine Age of the children at administration
Pneumococcal Conjugate Vaccine (PCV):c
First dose - 6 weeks,
Second dose - 14 weeks
Third dose - 9 months
Hib vaccine (DTaP-IPV/Hib):
- First dose - 6 weeks
Second dose - 10 weeks
Third dose - 14 weeks
Booster - 18 months

e PCV: Pneumococcal Conjugate Vaccine
e DTaP-IPV/Hib: Diphtheria tetanus acellular pertussis/inactivated polio vaccine

and Hib (Pentavalent)

1.2 LITERATURE REVIEW

The literature review below describes the relevant literature on incidence, aetiology

of and related factors to bacterial meningitis among children under the age of 1 year.

PubMed/Medline databases were searched for relevant studies from high and LMIC
contexts to inform the literature review. The following search terms were used to
search the databases: meningitis, children, incidence, high and LMIC countries.
Studies sourced were then integrated under the following themes: 1.2.1. Incidence
and aetiology of bacterial meningitis in high-income countries. 1.2.2. incidence and
aetiology of bacterial meningitis in LMIC 1.2.3. incidence, and aetiology of bacterial
meningitis in South Africa.1.2.4. impact of different vaccines on the incidence and
aetiology of bacterial meningitis in South Africa. 1.2.5. seasonality of bacterial

meningitis.



1.2.1 Incidence and aetiology of bacterial meningitis in high-income

countries:

Epidemiological data spanning systematic reviews to observational studies have
examined the incidence and aetiology of bacterial meningitis in high and LMIC
though this section focuses on high-income country data. (18,38—-40) Studies
examining the incidence and aetiology of bacterial meningitis have been conducted
in high-income countries among adult and children’s samples. As far back as the
period 1998-2007, Thigpen and colleagues identified cases of bacterial meningitis
reported among residents in eight surveillance areas of the Emerging Infections
Programs Network in the United States of America (USA). As far back as the period
2006-7, in the United States, the incidence rate in children under two months was 81
cases per 100 000 persons, compared with 0.4 cases per 100 000 persons in
children aged 11-17 years. Although these data are dated, they do suggest the

importance of examining incidence in neonates. (41)

In Canada, another high-income setting from 2013 to 2014, a cohort study
conducted by L.Ouchenir and colleagues among infants under 90 days old examined
the epidemiology, management and the outcome of bacterial management. This
study found that E. coli (37.33%) and GBS (35.31%) were the most common
pathogens identified. (42)

From 2011 to 2016, a cross-sectional study conducted by Woll and colleagues
among children under 60 days old admitted at the emergence ward of the 11
children hospital (USA), found that GBS (50.8%), E. coli (16.9%) and S. aureus

(.19%) were the most cause of bacterial meningitis in children under 28 days old. (43)

1.2.2 Incidence and aetiology of bacterial meningitis in  low- and middle-

income countries excluding South Africa:

A systematic review conducted by Ali and colleagues examined and synthesized
studies of the incidence and aetiology of bacterial meningitis among children
between 1 and 59 months in South Asia, an LMIC country region. The review

included 48 articles published between 1987 to 2017 pooling incidence rates of 105



per 100 000 persons. Hib was found to be the most common pathogen associated
with almost 13% of all bacterial meningitis cases followed by S pneumoniae and N
meningitidis respectively 10% and 1%.(39).

A study conducted in Oman, from 2000 to 2005, among children < 5 years using
surveillance data, after the introduction of the meningococcal serogroup A and C
vaccine, pneumococcal vaccine, and Hib vaccine, found that children under 1 year
were the most affected. H. influenzae (22%) was still the most common pathogen
detected however its incidence had significantly decreased followed by S.
pneumoniae (15%). An important finding was that male children were the most
affected. (44)

In Romania, a prospective surveillance study conducted in two districts, between
2000 and 2002, among children < 5 years found that N. meningitidis was the most
common pathogen with an incidence rate of 22 per 100 000 populations followed by
H. influenzae (for 13 per 100 000) and S. pneumoniae (3.5 per 100 000), 44.6% of
cases were children under 1 year. (45)

From 2011 to 2016, a systematic review conducted to examine the epidemiology of
N. meningitis, H. influenzae and S. pneumoniae among children < 5 years old
included studies from 26 African countries. Laboratory-confirmed data from sentinel
surveillance hospitals suggested that over 60.3% of S. pneumoniae cases were
recorded, making it the most common pathogen detected in all regions of Africa. (46)
In Ivory Coast (2010 to 2016), Boni-Cisse and colleagues, described the
epidemiological characteristics of bacterial meningitis among children under 5 years.
Their study suggest that male children were the most affected and the S.
pneumoniae (69.5%) was the most common pathogen recorded with a peak among

children under 1-year-old, followed by H. influenzae and N. meningitis. (47)

In Windhoek (Namibia), a study done from January 2010 to August 2014, among
children under 5 years old to describe the frequency of bacterial isolated from CSF,
found that 28.6% of bacterial meningitis was caused by S. pneumoniae, the second
cause was S. aureus with over 11.% of cases followed by E. coli 7.9%. (48)

Another study was conducted among neonates and young children admitted to Kilifi

District Hospital in Kenya, from 2001 to 2005 using both microbiological and clinical
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symptoms. The study found that only 49% of positive cases were children under 7
days aged and 51% were aged 7 to 60 days,(49) while in Malawi, O. Swann and
colleagues. found that 60% of cases were children in the neonate(<7 days) and the
most common pathogen found was GBS (45%) followed by S. pneumonia (21.7%).
(50) In Kenya, A.M.R. Laving found that E. coli, GBS and K. pneumonia were the
most common pathogen identified in the neonatal period and male children were the
most affected. (51)From the above-synthesized literature, it appears there is a
paucity of consistent data in Africa examining both incidence and associated

pathogens of bacterial meningitis in children under 1-year-old.

1.2.3 Incidence and aetiology of bacterial meningitis in South Africa:

In South Africa, several observational epidemiological studies have examined the

incidence and the aetiology of bacterial meningitis. These are described below.

A study was conducted from August 1999 until July 2002 by Coulson and colleagues
to describe the epidemiology of all cases of meningitis due to N. meningitidis
submitted to the National Institute for Communicable Disease (NICD). Albeit dated,
this study findings were useful as they suggested that 76% of meningococcal
disease were diagnosed with CSF and blood specimen samples. The incidence rate
was equal to 0.64 per 100 000 persons with a peak in infants aged less than one
year, the serogroup B of N. meningitidis was the most common found in all ages
(41%), the study also noticed a high rate of meningococcal disease during the spring
and the winter in all ages and Gauteng was the most affected province. (52)

Between 2010 to 2012, a study conducted in the Red Cross War Memorial Children
Hospital in Cape Town, using the laboratory database of all CSF analysed over this
period found 706 cases of meningitis, 42 cases were caused by a bacterial pathogen
excluding TB, 5.5% of cases were children in the neonatal age and 37.4% were
children aged between 1 and 6 years. (53) Over 14 years (2003-2016) study, using
data from the GERMS-SA national laboratory-based surveillance network on
meningococcal disease, Meiring and colleagues, found that the overall incidence of
invasive meningococcal disease decreased by 76% and the risk of having invasive

meningococcal increased among HIV participants. The study also reported that the



incidence rate of all N. meningitidis serogroup was higher among children than all
other age groups. (54)

1.2.4 Impact of different vaccines on the incidence and the aetiology of
bacterial meningitis in South Africa:

A ten-year study (2005 — 2016), using public and private laboratories-based data of
all South Africa to compare the impact of PCV on pneumococcal meningitis to its
impact on the total invasive pneumococcal disease, showed that the reduction of
pneumococcal meningitis cases and total invasive pneumococcal disease cases
were similar among children < 5years old and also showed a direct effect of the
vaccine on the reduction of vaccine serogroup disease in the same group age. The
incidence of meningitis in children < 5years old decreased from 31.8 per 100 000
persons in 2005 to 7.7 per 100 000 persons in 2016(55)

From 2005 to 2017, the pneumococcal conjugate vaccine, PCV-7 replaced by PCV-
13, have reduced the incidence of invasive pneumococcal disease in children <5
years, from 7 per 100 000 persons in 2005 to 4 per 100 000 persons in 2017. (56) In
2017, the GERMS-SA recorded 313 cases of H. influenzae, children under 5 years
old were the most affected for all serotypes of H. influenzae, followed by the age
group 25-45 years old age group. The incidence of Hib was estimated at 1.6 cases
per 100 000 persons among children < 1 year. The same report showed that in
South Africa, the highest burden of meningitis due to S. pneumoniae in 2017 was
among infants < 1 year with an incidence estimated at 20 per 100 000 persons, while
the overall incidence of meningitis due to N. meningitidis in all ages was estimated at
0.24 per 100 000 persons with a peak among children under 5 years. Western Cape
was the most affected province by both N. meningitidis, H. influenzae and S.
pneumoniae in overall ages. Concerning seasonality, most of the cases of N.

meningitidis was recorded in the winter and spring months. (56)

1.2.5 Seasonality of bacterial meningitis:

A study conducted by Paireau and colleagues to evaluate whether significant
seasonal features are observed in different geographic settings and estimate the

timing of seasonal meningitis seasons and among 3 major causes of bacterial
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meningitis determine if there is synchronization found that bacterial meningitis has a
peak during the winter period regardless the hemispheres (northern or southern).(57)
In the Central African Republic, Crellen and colleagues who examined the
seasonality of S. pneumoniae found that 75.9% of cases were recorded in the dry
season.(58) A national wide epidemiological in Iceland using data from 1975 to 2010
found a high number of cases of bacterial meningitis during the spring season.(59) In
South Africa in the province of the Western Cape, Donald and colleagues could only
identify a seasonality for N. meningitidis in winter while they could not identify any

seasonality for pathogens such as H. influenzae and S. pneumoniae. (60)

1.3 PROBLEM STATEMENT

Despite the fact that meningitis is a disease with a high mortality rate and the fact
that children under the age of 1 are the most affected population in South Africa,
(22,61,62) our literature review has suggested some gaps in the field. Most studies
conducted on bacterial meningitis among children in South Africa were mostly
conducted among children under the age of 5 years (not specifically in children
under 1-year-old) or were confined to a specific region. Further, they may be based
on limited pathogens. (52-54) To my knowledge and from my reading of the
literature cited above, there were no comprehensive data available encompassing all
possible bacterial causes of meningitis (excluding TB) and comparing the age-group,
province, season, month, and year’s trends of individuals testing positive for the two
commonest pathogens over the time of the study in children under 1-year-old in
South Africa.
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1.4 JUSTIFICATION

The research was justified by the fact that despite the introduction of different
vaccines (including PCV and Hib vaccine), the ART treatment and the PMTCT
programme which reduced the paediatric HIV burden, we still have cases of
meningitis in children. Therefore, a better understanding and assessment of the
incidence, the aetiology, and the characteristics of children with bacterial meningitis
was crucial for the public health action for the prevention of the disease. These data
would also help to see if meningitis cases have reduced since the implementation of
public health measures to reduce illness and to assess evidence to support
continued implementation of these interventions at the national level as well as at the
provincial level. The study may also be useful to inform other LMIC countries

considering interventions.

1.5 AIM AND OBJECTIVES

This research aimed to describe the incidence rate and the aetiology of bacterial
meningitis and to compare the characteristics of children under 1-year-old who
tested positive for the two most common pathogens related to their infection.

1. To examine the aetiology of bacterial meningitis by age group, gender, year and
province in children under 1-year-old in entire South Africa.

2. To estimate the incidence rate of meningitis for the most commonly identified
pathogens in South Africa by age group, year and by province in children under 1-
year-old in South Africa.

3. To compare the age-group, province, season, month, and year’s trends of
individuals testing positive for the two commonest pathogens over the time of the
study in children under 1-year-old in South Africa.
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2 CHAPTER 2: METHODS

This chapter describes 2.1 The study population. 2.2. the different data sources. 2.3
the data collection. 2.4 the measurement. 2.5 some definition. 2.6. data processing
and the study variables. 2.7 data analysis describes different analysis methods

presented by each objective. 2.8. sample. 2.9 the ethics.
In our study, secondary data from NHLS CDW and BABY GERMS study was used.
Primary study

The BABY GERMS is a cross-sectional national surveillance study of neonatal and
infant sepsis using secondary data from the CDW. As part of the study, a cross-
sectional neonatal baseline survey was conducted at secondary and tertiary
hospitals to collect information on the specimen collection methods and different
treatments prescribed for neonatal sepsis as well as to calculate the different
denominators (number of patients admitted or bed) for the calculation of the different

incidences and rates.

BABY GERMS examined both incidence and risk factors (i.e., both fungal and
bacterial aetiology and characteristics of the participants) related to neonatal and
infant sepsis which includes meningitis as well as bacteraemia and other invasive
diseases. (63) The study also included prospective and retrospective laboratory-
based surveillance including all infants under 12 months aged in South Africa who
attended all public (secondary level and above) and private (hospital and group of
the hospital) sectors with blood, urine and/or CSF culture performed. The study was
a 5-year retrospective study (2014-2018) plus 2 and half year prospective study
(2019-2021).

The primary study had two different populations under its umbrella: one for the
neonate units survey which included all neonates ’ from both public (secondary level,
regional level and above) and private sector hospitals that have neonatal ward, and
one for the national laboratory-based surveillance which included all infant and
neonatal population attending any public health sector in South Africa from 2014 to
2021.

12



Secondary study

The proposed secondary analysis used a subset of the data available to BABY
GERMS and examined only meningitis as the outcome among children under 1 year
of age in South Africa and did not examine the additional outcomes available in the
GERMS dataset. The study also did not include individuals with other invasive
diseases than meningitis. Our study was a retrospective study and analysed only

CSF specimens The components are described below.

2.1 STUDY POPULATION

Our study population included any person under the age of 1 year who had a lumbar
puncture performed in one of the public sector facilities in South Africa and CSF

specimen sent to an NHLS laboratory from January 2014 to December 2019.

- Inclusion criteria: Any person under the age of 1 with CSF culture performed
and a bacterial organism considered to be a pathogen that causes meningitis
was identified.

- Exclusion: Any person aged = 1 year or any person with missing age with

CSF culture performed and bacterial meningitis diagnosed.

For the incidence estimation, as 80% of the population get care from the public
sector facilities, (64) our study population for the incidence of meningitis was the
number of South African children under 1 year multiplied by 0.8. The number of
children under 1 year by year, gender and provinces was estimated using the
Statistics South Africa (Stats SA) Sprague table. The number of children < 28 days
and =228 days to 1 year of age [ population was estimated from the under 1-year-old
population. For children<28 days old the appropriate estimated 1-year-old mid-year
population were divided by 12. For the children=28 days old (28 days old to 365[days
the population was estimated by substracting the under 1-year population from the

under 28 days appropriate population.

2.2 DATA SOURCES
2.2.1 NHLS CDW
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The NHLS is the biggest South African public health service of pathology diagnostics
in all 9 provinces. The NHLS provides laboratory diagnostics for 80% of the
population of South Africa. All the demographic and laboratory data from laboratory
processed specimens from within the NHLS are archived electronically in the
CDW.(64) Data were extracted on all CSF specimens submitted to public sector
laboratories from children aged <1 year from 2014 to 2018.

2.2.2 Stats SA

The Stats SA is the national institution that collects, produces and disseminates
official vital statistics in South Africa for the collection, production, and dissemination.
(65)

2.3 DATA COLLECTION

Permission to use the data was obtained from Prof Govender who was the Principal
Investigator on the primary study as well as from the NHLS CDW. My supervisor,

Prof Cohen was a co-investigator on BABY GERMS (Appendix 2).

Our data were accessed from Prof Govender via Prof Cohen for the study period of
2014 to 2018.

2.4 DATA MANAGEMENT

The data were entered in Excel file formats as extracted by the gatekeepers and
processed/cleaned using Excel and Stata 15.1. The data sets included information
on demographics and other variables as shown in Appendix(Appendix 5). Data from

the Stats SA was also obtained in Excel file formats.

2.5 MEASUREMENT

The outcome variable was being positive for bacterial meningitis for each CSF
sample tested for the descriptive study and being positive for one of the two most
common pathogens for the analytic study. The independent variables were age-

group, gender, province, year and month of diagnosis, season.
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2.6 DEFINITION

A case of laboratory-confirmed bacterial meningitis was defined as any person under
1 year with meningitis diagnosed by culture testing and identification of one of the

following pathogens.

Bacterial meningitis positive case was defined as a person with one of the pathogens
(N. meningitidis, H. influenzae, K. pneumoniae, GBS, Klebsiella spp, S. pneumoniae,
E. coli, L. monocytogenes, A. baumannii, Serratia marcescens, Enterobacter
cloacae, Klebsiella oxytoca, Pseudomonas aeruginosa, Stenotrophomonas

maltophilia, S. aureus, E. faecium, E. faecalis, Streptococcus spp cultured from CSF.

Any pathogen that is not documented as being a common cause of meningitis and
which can commonly contaminate CSF sample (eg: Micrococcus sp, S. viridans,
Bacillus sp, Salmonella enteritidis, Staphylococcus epidermidis, Staphylococcus
haemolyticus, Staphylococcus cohni subsp urealyticus Streptococcus milleri) was

defined contaminant.

As individuals could have multiple CSF specimens submitted during the study
period, an episode of illness was defined as all positive samples within 21 days, if a
sample is positive > 21 days after a previous episode it was a new
episode(laboratory-based surveillance definition) and considered as a new case.
(56,66)

2.7 DATA PROCESSING AND STUDY VARIABLES
2.7.1 NHLS CDW dataset

Our data were collected in Excel Format in two Excel spreadsheets, which included
the one spreadsheet for samples that tested positive and those that tested negative.
The spreadsheet for the positive samples contained 23 demographic and laboratory
variables, 10,542 observations while the spreadsheet for the negative samples
contained 20 demographic and laboratory variables and 221,325 observations, from
the 2 files only few variables were used in our study, and they will be presented in
table 2.
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2.7.2 Stats SA data set
Data were entered into Excel spread format including the population data by gender,

by districts, by age group from 2002 to 2020.
The study variables are presented below in Table 2

Table 2. Study variables

Study variables Format Data management process

Age-group categorical Encoded as < 28 days = 27.999 days and 228 days=28
days to 364.999 days. The age in days was calculated
using the variable Detected (the date at which the CSF
test was done) — Date of birth

Gender Categorical Recoded M= Male, F= Female, U=Unknown

Province Categorical Gauteng, KwaZulu Natal, Limpopo, Eastern Cape,
Northern Cape, Mpumalanga, North west, Western cape,
Unknown

Years of diagnostic | Categorical A variable year was generated taking the year of the date
of the test (Date tested) single year from 2014 to 2018

Month of diagnostic | Categorical A variable” month” was generated taking the month of the
date of the test (Date tested). The values were taken from
1to 12.

Midyear population | Numerical A variable generates using the mid-year population of

South Africa by age. The variable Midyear population was
created using data from the Stats SA under 1 year age
population by province, by gender as well as the overall
under lyear population was calculated using the Stats SA
Sprague table.

-For the <28 days population the appropriate estimated
under 1-year population were divided by 12.

-For the >28days appropriate population was found by
using the under 1-year appropriate population — the < 28
days appropriate Midyear population.

Season Categorical A variable “Season” was generated using the month of
the variable “Date tested” recoded in four seasons as
followed and according to the SA meteorological reports:
Summer: December, January, February

Autumn: March, April, May.

Winter: June, July, August,

Spring: September, October, November.

Pathogen Categorical A variable generates using the variable “organism name”
variables. ldentical pathogens which were separated into
2 or more, were grouped to create only one pathogen.
The label other was created regrouping all pathogens that
had few cases.

Actkleb Categorical Because A. baumannii and K. pneumoniae were the most
common pathogens detected and for the necessity of
objective 3, a variable recoded using “Pathogen”.
recorded 1 if pathogen name is = Acinetobacter
baumannii and 0 if pathogen =K. pneumoniae.

2.8 DATA ANALYSIS

Our descriptive analysis by objectives is presented in the table below.

16



Table 3. Descriptive analysis

Objective 1

Objective 2

Objective 3

The first objective was to describe the aetiology of bacterial meningitis by age-group,
gender, year, and province as well as overall. A descriptive analysis of the aetiology of
bacterial meningitis regarding the age-group, the year the gender and the province was
done using the frequency(n) and percentage (%) tables. Only pathogens with enough
number of cases for provinces and years distributions were included in the study,
pathogens with few cases were grouped under “other” pathogen.

The second objective had as its core aim to estimate the incidence rate of meningitis for
the most identified pathogens in South Africa by age group, year and by province. Data
were collapsed by year and province as well as year and age-group. 3 different Stata files
were created and merged with the appropriate population excel data from the Stats SA.
The incidences rate of specific pathogens were calculated using a Poisson regression by
dividing the age-group, year of the test and provinces positive sample numbers by the
appropriate specific mid-year population. As people who attend public facilities represent
80% of the population, the appropriate mid-year population were multiplied by 0.8. Only
pathogens with enough cases for the calculation by different distribution were included.
The appropriate mid-year population was obtained by using the Stats SA data and
estimated using the Stats SA Sprague table for the children under 1-year population. For
children<28 the appropriate estimated mid-year population were divided by 12. For the
children=28 days old (28 days old to 365[days the population was estimated by the under
1-year population minus the under 28 days appropriate population. All incidences rates
were multiplied by 100 000 persons.

Data on the population of the Western Cape province for the year 2014 was not included
in any incidence calculation because of the missing CSF data of the same province for the
same year.

To see if the incidence rate trends were significant, Poisson regression was used.

Graphs were done using excel.

The third objective aimed to compare the age-group, province, season, and year’s trends
of individuals testing positive for the two commonest pathogens over the years of the
study. An analytical analysis was done between the two commonest pathogens by age-
group, year, month/season, gender, and province. The outcome variable was” testing
positive for one of the two pathogens”. Variable “Actkleb” was generated recorded as 1 if
pathogen name was = A. baumannii and 0 if pathogen was =K. pneumoniae. As our
outcome was binary, a logistic regression analysis was done to check if the associations
were significant. Forward stepwise logistic regression analysis was used to test variables
associated with being positive for te two most common pathogens (A. baumannii and K.
pneumoniae), all variables with univariate association of <0.1 were included in the model.
Univariate logistic regression was done followed by a multivariate logistic regression of the
variable age-group, gender, month, province, season and year. Variable with<0.05 were
considered as significant. For this part of the study, the sample was the number of all
specimens positive for one of the two most common pathogens (A. baumannii and K.
pneumoniae).

The two commonest pathogens were chosen as the two pathogens were the highest
number of cases over the time of the study.

The Goodness of fit test was done to check the fitness of the model. Results showed that
the model did not fit the data well, and that could have been due to the low number of
variables or the small size of the sample.

Because the missing data, data from the year 2014 was not include in this part of the
study.
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2.9 SAMPLE SIZE

Total Specimens
tested:231,867

Number of Specimespositiveto a
pathogen: 10,542

Number of Negative
Specimens:221,325

Number of Specimens excluded:
*4,129 for not having any Date of Birth
*55 for being up to 1-year-old
*13089 for not being recored during the study period
*89 for being positive to a non bacterial pathogen
*428 for being a duplicate or recurrent specimen

Number of specimens positiveto a
bacterial pathogem and collectedto a
under 1 year ol children:4,532

Number of Specimens excluded forbeing
positive to a bacterial pathogen defined as
a contaminant: 1,885

Number of Specimens postiveto a
bacterial pathogen defined as a
positive case:2,647

Figure 1. Diagram presenting attainment of sample size
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2.10 ETHICS

This study was approved by the University of the Witwatersrand Human Research
Ethics (Medical) Committee (HREC). The authorization letters and the clearance
certificate (Approval M210110, which can be found in Appendix labelled as Appendix
3). The anonymity of the participant was preserved. All data were kept in password-
controlled computers that was only accessible by the researcher and the

supervisors.
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3 CHAPTER 3: RESULTS

In this chapter, the results of the analysis of data from the NHLS CDW are presented
as follows: 3.1. The description of the sample. 3.2. the aetiology of bacterial
meningitis, 3.3. the incidence of the most common pathogens isolated. 3.4.the
characteristics of children under the age of 1 who have tested positive for the two

most common pathogens (A. baumannii and K. pneumonia) that are described.

3.1 DESCRIPTION OF THE STUDY SAMPLE

Over the five years of the study, a total of 2,647 cases of laboratory-confirmed
bacterial meningitis cases were identified from the 231, 867 CSF specimens tested
by the NHLS in entire South Africa.

Of the 2,647 cases, 54.6% were aged in the neonatal group, 51.4% cases were
males, 59.46% of cases were recorded in Gauteng province, while 26.8% of cases

occurred in spring 26.8%. These data are presented in Table 4 below.

3.2 AETIOLOGY

With regard to the pathogens tested, 514 cases (19.4%) tested positive for the A.
baumannii pathogen. The second most common pathogen identified was K.
Pneumonia (470 cases or 17.7% of all cases). GBS was found in (384 cases or
14.5% of all cases) S aureus (244 cases or 9.2% of all cases), E. faecium (221
cases or 8.3% of all cases), E. coli (212 cases or 8% of all cases) and E. faecalis
(153 cases or 5.7% of all cases). The other pathogens identified and defined as
‘others” were N. meningitidis, P. aeruginosa, H. influenzae, E. cloacae, S.

marcescens, Hib, S. maltophilia. These data are presented in Table 4 below

A.baumannii (23.9%), K. pneumonia (19.4%), GBS (19.2%) were the most common
pathogen detected among the neonates while K. pneumonia (15.7%), S aureus
(14.2%) and A. baumannii(14%) were the most common pathogen detected among
those in the post neonate age group (=28). More than 70% of cases of A. baumannii
were detected in the neonate group. A. baumannii was the most common pathogen
identified in both male and female children while Assessing by provinces, A.
baumannii followed by GBS or K. pneumonia were the most identified pathogens in

most provinces. GBS was the leading pathogen in the provinces of North West,
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Mpumalanga, Western Cape. When examining the seasons, A. baumannii was the
most common pathogen detected in spring (21.69 % of cases) and winter (19.14%
of cases) while K. pneumonia was the highest in summer (21.55% of cases) and

Autumn (17.56% of cases). These data are presented in Table 4 below

Additionally, in our study S. pneumonia, N. meningitidis and H. influenzae, with
respectively 0% (O cases identified), 2% (53 cases) and 3.1% (82 cases) were not
among the most common pathogen recorded and were then dropped under others
pathogen categories. 93.9% of H. influenzae and 83.02% were common among

children aged =228 days. Only 9 cases of Hib were recorded over the study period.
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Table 4. Demographic characteristics of patients with laboratory-confirmed meningitis infection due to pathogens in South Africa,

2014-2018

Pathogen

TOTAL
AGE-GROUP
(days)
<28
228
GENDER

Female

Male

Unknown
PROVINCE

Eastern cape

Free state

Gauteng

KwaZulu-Natal

Limpopo

Mpumalanga

Northern cape

North West

Western cape
YEAR

2014

2015

2016

2017

2018
MONTH

January

February

March

April

A. baumannii
n (%)

514 (19.4)

346(67.3)
168(32.6)

268(52.1)
214(41.6)
32(6.2)

34(6.6)
27(5.2)
359(69.8)
39(7.5)
21(4.1)
11(2)
4(0.7)
2(0.3)
17(0.7)

47(9.1)
82(15.9)
75(14.5)
141(27.4)
169(32.8)

37(7.2)
44(8.5)
35(6.8)
40(7.7)

E. faecalis
n (%)

153(5.7)

76(49.6)
77(50.3)

90(58.8)
59(38.5)
4(6.2)

1(0.6)
6(3.9)
115(75.1)
10(6.5)
4(2.6)
0(0)
2(1.3)
1(0.6)
14(9.1)

18(11.7)
29(18.9)
37(24.1)
25(16.3)
44(28.7)

7(4.5)

13(8.5)
11(7.1)
12(7.8)

E. faecium
n (%)

221(8.3)

120(54.3)
101(45.7)

114(51.5)
98(44.3)
9(4)

6(2.7)
8(3.6)
166(75.1)
23(10.4)
5(2.2)
3(1.3)
4(1.8)
0(0)
6(2.7)

25(11.3)
46(20.8)
48(21.7)
34(15.3)
68(30.7)

13 (5.8)
10(4.5)
22(9.9)
12(5.4)

E. coli
n (%)

212(8)

119(56.1)
93(43.8)

121(57)
80(37.7)
11(5.1)

19(8.9)
6(2.8)
118(55.6)
28(13.2)
5(2.3)
2(0.9)
7(3.3)
3(1.4)
24(11.3)

30(14.1)
41(19.3)
52(24.5)
40(18.8)
49(23.1)

18(8.4)
18(8.4)
18(8.4)
16(7.5)

22

K.
Pneumonia
n (%)

470(17.7)

281(59.7)
189(40.2)

238(50.6)
206(43.8)
26(5.5)

43(9.1)
15(3.1)
278(59.1)
67(14.2)
24(5.1)
7(1.4)
5(1)
8(1.7)
23(4.8)

62(13.1)
70(14.8)
90(19.1)
107(22.7)
141(30)

48(10.2)
42(8.9)
51(10.8)
34(7.2)

S. aureus
n (%)

244(9.2)

73(29.9)
171(70.)

122(50)
115(47.1)
7(2.8)

13(5.3)
8(3.2)
142(58.2)
39(15.9)
11(4.5)
1(0.4)
4(1.6)
1(0.4)
25(10.2)

46(18.8)
41(16.8)
44(18)

51(20.9)
62(25.4)

18(7.3)
15(6.1)
21(8.6)
31(12.7)

GBS
n (%)

384(14.5)

279(72.6)
105(27.3)

176(45.8)
191(49.7)
17(4.4)

38(9.9)
12(3.1)
196(51)
52(13.5)
13(3.3)
13(3.3)
3(0.7)
7(1.8)
50(13.0)

62(16.1)
76(19.7)
66(17.1)
85(22.1)
95(24.7)

30(7.8)
32(8.3)
25(6.5)
30(7.8)

Others
n (%)

449(16.9)

153(34)
296(65.9)

232(44.5)
200(44.5)
17(3.7)

48(10.6)
18(4)
200(44.5)
84(18.7)
22(4.9)
8(1.7)
6(1.3)
11(2.4)
52(11.5)

68 (15.1)
74(16.4)
114(25.3)
98(21.8)
95(21.1)

33(7.3)
40(8.9)
35(7.8)
35(7.8)

TOTAL
n (%)

2,647(100)

1,447(54.6)
1,200(45.3)

1,163(43.9)
1,361(51.4)
123(4.6)

202(7.6)
100(3.7)

1 574(59.4)
342(12.9)
105(3.9)
45(1.7)
35(1.3)
33(1.2)
211(7.9)

358(13.5)
459(17.3)
526(19.8)
581(21.9)
723(27.3)

204(7.7)
214(8)

218(8.2)
210(7.9)

p-value

0.001

0.125

0.001

0.001

0,054



May
June

July

August
September
October
November
December
SEASON
Summer

Autumn
Winter

Spring

42(8.1)
36(7)

34(6.6)

46(8.9)
41(7.9)
40(7.7)
73(14.2)
46(8.9)

127(24.7)
117(22.7)
116(22.5)

154(29.9)

22(14.3)
10(6.5)

11(7.1)

11(7.1)
17(11.1)
15(9.8)
12(7.8)
12(7.8)

32 (20.9)
45(29.4)
32(20.9)

44(28.7)

n: frequency; %: column percentage

22(9.9)
22(9.9)
20(9)
20(9)
22(9.9)
27(12.2)

15(6.7)
16(7.2)

39(17.6)
56(25.3)
62(28)

64(28.9)

22(10.3)
15(7)
15(7)
15(7)
18(8.4)
24(11.3)

18(8.4)
15(7)

51(24)
56(26.4)
45(21.2)

60 (28.3)

23

33(7)
29(6.1)

36(7.6)

37(7.8)
29(6.1)
35(7.4)
44(9.3)
52(11)

142(30.2)
118(25.1)
102(21.7)

108(22.9)

32(13.1)

17(6.97)
16(6.5)

19(7.7)
16(6.5)
19(7.7)
21(8.6)
19(7.7)

52(21.3)
84(34.4)
52(21.3)

56(22.9)

33(8.5)
31(8)

28(7.2)

42(10.9)
33(8.5)
39(10.1)
32(8.3)
29(7.5)

91(23.7)
88(22.9)
101(26.3)

104(27)

38(8.4)
38(8.4)

36(8)

22(4.9)
38(8.4)
48(10.6)
34(7.5)
52(11.5)

125(27.8)
108(24)
96(21.3)

120(26.7)

244(9.2)
198(7.4)

196(7.4)
212(8)
214(8)
247(9.3)
249(9.4)
241(9.1)

659(24.9)
672(25.3)
606(22.8)

710(26.8)

0.012



3.3 INCIDENCE

Results of the Poisson regression suggest that the annual incidence rate of most
pathogens increased each year. The annual incidence rate varied by pathogen and
by year among children under 1-year-old. The highest incidence was the incidence
of A. baumannii 10.2 cases per 100 000 persons (ClI 8.7-11.9) in 2018 and the
lowest was E. faecalis 1.1 cases per 100 000 persons (ClI 0.6-1.7) in 2014 among
children under 1 year. These data are presented below in Figure 2.

The annual incidence of pathogens was high among children under 28 days old. For
certain pathogens, the incidence in the neonates was more than ten times greater
than in post neonatal participants. These data are further interrogated below:

The highest incidence rate calculated was the incidence of A. baumannii among
children in the neonatal period with an annual incidence rate of 168.8 cases per 100
000 persons (Cl 139.5-202.5) while the lowest incidence rate calculated was the
incidence of E. faecalis among children in the postneonatal period. These data are

presented below in Figure 3 and Figure 4.

The annual incidences rates of almost all the most common pathogens detected in
different provinces increase over time except for S. aureus and GBS which tended to
increase from 2014 to 2017 before slightly decreasing in 2018 in most provinces.
The highest incidence rate for all pathogens was observed in the Gauteng province.
These data are visually depicted below in Figures 5,6,7 and 8.
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Figure 2. Incidence rate of the most common pathogens among children under 1-
year-old by year, South Africa, 2014-2018
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Figure 3. Incidence rate of the most common pathogens detected among children
=28 days old, South Africa, 2014-2018
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Figure 4. Incidence rate of the most common pathogens detected among children
<28 days old, South Africa, 2014-2018
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Figure 5. Incidence rate of A. baumannii among children under 1-year-old by
provinces and year, South Africa, 2014-2018
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Figure 6. Incidence rate of K. pneumoniae among children under 1-year-old by

provinces and year, South Africa, 2014-2018

25.00
1%}
C
[e]
£ 20.00 /\\
Q
o
9 15.00
o
o
S / /><
S 10.00
9]
a 500 \<
Q
o
S 0.00
2 2014 2015 2016 2017 2018
C
- Year
———FEASTERN CAPE  —— FREE STATE —— GAUTENG
——— KWAZULU-NATAL —— LIMPOPO —— MPUMALANGA
——— NORTH WEST NORTHERN CAPE WESTERN CAPE

Figure 7. Incidence rate of GBS among children under 1-year-old by provinces and
year, South Africa, 2014-2018
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Figure 8. Incidence rate of S. aureus among children under 1-year-old by provinces
and year, South Africa, 2014-2018

3.4 CHARACTERISTICS OF PEOPLE WHO TESTED POSITIVE FOR THE TWO
MOST COMMON PATHOGENS (A. baumannii and K. pneumonia).

About 886 cases tested positive for A. baumannii or K. pneumonia. 63.4% were
aged under 28 days old. Male children constituted 50.9%. 65.4% were recorded in

Gauteng province and 26.9% occurred during the summer.

The binary logistic regression analysis results suggest a range of interesting findings.
First, cases A. baumannii were significantly more likely to be from the Free
State(6.6% p<0.028) and the Gauteng province(71.3% p<0.018).Second, they were
significantly more likely to be recorded during the month of June(7.7% p<05),
October(9.2% p<02),November(14.3% p< 0.007). Third, they were significantly more
likely to be isolated in Spring (30.9% p < 0.002). Furthermore, the multivariate
analysis suggested that cases of A. baumannii were significantly more likely to be
identified during spring (30.9% p <0.002) while they were significantly more likely to
be from the Gauteng province (71.3% p<0.027). These data are presented below in
table 6.

The Characteristics of people who tested positive for the two most common
pathogens (A. baumannii and K. pneumonia) are presented in the table below.
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Table 5. Characteristics of people who tested positive to the two most common pathogen (A. baumannii and K. pneumonia). South
Africa, 2014-2018.(Univariate analysis)

TOTAL A. baumannii K. Pneumonia Unadjusted p-value
n (%) n (%) n (%) OR (95% CI)
Characteristics
Age-group (Days)
<28 562(63.4) 310 (65.9) 252 (60.6) 1.2(0.95-1.65) 0.097
>28 324(36.6) 160 (34,1) 164(39.4)
Sex
Male 451(50.9) 241(51.3) 210(50.5) 1.07(0.81-1.40) 0.612
Female 387 (43.7) 200(42.6) 187(44,9)
Unknown 48 (5.4) 29(6.2) 19(4.6) 1.42(0.77-2.63) 0.255
Provinces
Eastern Cape 72(8.1) 31(6.60) 41 (9.9)
Eree State 40(4.5) 26(5.53) 14 (3.4) 2.4(1.10-5.46) 0.028
Gauteng 579 (65.4) 335(71.3) 244 (58.7) 1.8(1.10-2.97) 0.018
KwaZulu Natale 84 (9.5) 28(6) 56 (13.5) 0. .66(0.34-1.26) 0.213
Limpopo 42 (4.7) 20 (4.7) 22 (5.3) 1.2(0.55-2.58) 0.637
Mpumalanga 12 (1.4) 8 (1.7) 4 (1) 2.6(0.72-9.58) 0.139
North West 8(0.9) 2(0.4) 6 (1.4) 0.4(0.083-2.33) 0.336
Northern Cape 8(0.9) 3(0.6) 5(1.2) 0.79(0.17-3.57) 0.763
Western Cape 41(4.6) 17 (3.62) 24 (5.8) 0.93(0.430- 2.03) 0.869
YEAR
2015 156(17.6) 86(18,3) 70 (16.8)
2016 169(19.1) 76(16.2) 93 (22.4) 0.66(0.42-1.03) 0.068
2017 249(28.1) 139 (29.6) 110 (26.4) 1.02(0.68-1.53) 0.891
2018 312(35.2 ) 169 (35.9) 143 (34.4) 0.96(0.65-1.41) 0.844
MONTH
January 81 (9.1) 35(7.5) 46(11.1)
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February 77 (8.7) 38(8.1) 39(9.4) 1.28(0.68-2.39) 0.439

March 78 (8.8) 31 (6.6) 47(11.3) 0.86(0.46-1.63) 0.658
April 66 (7.5) 34(7.2) 32(7,7) 1.39(0.72-2.68) 0.316
May 64 (7.2) 34(7.2) 30(7.2) 1.48(0.77-2.87) 0.236
June 60(6.8) 36(7.7) 24(5.8) 1.97(1.0- 3.88) 0.050
July 65(7.3) 34(7.2) 31(7.5) 1.44(0.74-2.77) 0.275
August 75(8.5) 42(8.4) 33(7.9) 1.67(0.88-3.15) 0.111
September 61(6.9) 35(7.5) 26(6.3) 1.76(0.90-3.46) 0.096
October 69 (7.8) 43(9.2) 26(6.3) 2.17(1.12-4.18) 0.020
November 106(11.9) 67 (14.3) 39(9.4) 2.25(1.25-4.07) 0.007
December 84(9.5) 41(8.7) 43(10,3) 0.471
1.25(0 .67-2.31)
SEASON

Summer 242(27.3) 114 (24.2) 128 (30.8)

Autumn 208 (23.5) 99 (21.1) 109 (26.2) 1.01(0.7- 1.47) 0.918
Winter 200 (22.6) 112 (23.8) 88 (21.1) 1.42(0.98-2.08) 0.063
Spring 236 (26.6) 145 (30.9) 91 (21.9) 1.7(1.24-2.57) 0.002

n: frequency; %: column percentage
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Table 6. Characteristics of people who tested positive to the two most common pathogen (A. baumannii and K. pneumonia). South
Africa, 2014-2018.(Multivariate analysis)

TOTAL n (%) A. baumannii K. Pneumonia Adjusted OR p- value
n 0o ") (95% CI)
Province
Eastern Cape 72(8.1) 31(6.60) 41 (9.9)
Free State 40(4.5) 26(5.53) 14 (3.4) 2.18 (0.97- 4.9) 0.057
Gauteng 579 (65.4) 335(71.3) 244 (58.7) 1.74 (1.05- 2.87) 0.029
KwaZuluNatale 84 (9.5) 28(6) 56 (13.5) 0.63 (0.32- 1.21) 0.170
Limpopo 42 (4.7) 20 (4.7) 22 (5.3) 1.32 (0.61- 2.87) 0.473
Mpumalanga 12 (1.4) 8 (1.7) 4 (1) 2.54(0.69- 9.31) 0.157
North West 8(0.9) 2(0.4) 6 (1.4) 0 .45(0.08- 2.4) 0.352
Northern Cape 8(0.9) 3(0.6) 5(1.2) 0.80(0.17- 3.67) 0.784
Western Cape 41(4.6) 17 (3.62) 24 (5.8) 0.86 (0.36- 1.00) 0.723
Season
Summer 242(27.3) 114 (24.2) 128 (30.8)
Autumn 208 (23.5) 99 (21.1) 109 (26.2) 1.0(0.74- 1.59) 0.661
Winter 200 (22.6) 112 (23.8) 88 (21.1) 1.4(0.98- 2.12) 0.061
Spring 236 (26.6) 145 (30.9) 91 (21.9) 1.7(1.22-2.58) 0.002

n: frequency; %: column percentage
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4 CHAPTER 4: DISCUSSION

This study has found a number of important findings. These findings are elaborated
and reflected upon below:

Increase in the annual incidence of most pathogens over the study period

We found an increased (annual) incidence in most pathogens over the study period
which is not always corroborated by previous studies. Several studies have reported
a decreasing trend in the incidence of bacterial meningitis as well as in their
causative pathogens worldwide after the introduction of different vaccines.(67,68) In
South Africa, studies on bacterial meningitis among adults or studies conducted on
more frequent pathogens such as S. pneumoniae, H. influenzae and N. meningitidis
have shown the same trend. (13,32,54,55,66)

Surprisingly the present study showed an increased trend although different vaccine
programmes. We could not find a recent study on bacterial meningitis among
children under 1 year in South Africa to compare this finding to. The increasing trend
cannot be attributed only to a failure of different vaccines programmes given the low
number of cases of Hib (9 over the 5 years of the study) and the absence of any
cases of S. pneumoniae which are part of South African national immunisation
programme, but could be explained by improvements in laboratory technique and the
quality of NHLS CDW data collection and the treatment of data as well as an
increase in the number of sample testing, the change in the
denominators(population) for the calculation of the incidence rate over the time of the

study, as well as the deterioration of the public health system.
Most common pathogens detected over the study period

Second, we found that A. baumannii followed by K. pneumonia, GBS was the most
common pathogens detected over the study period. The findings in the present study
suggest a high proportion and predominance of pathogens such as A. baumannii, K.
pneumoniae, S. aureus, GBS which can be categorised in “healthcare-associated
infection (nosocomial)” and “mother to child transmissible” pathogen (mostly for

GBS). Factors such as poor infection control programmes or bacterial infection
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management ( poor hygiene method for the healthcare provider and poor
environmental cleaning, a lack in disinfection and sterilization in the hospital,
antimicrobial resistance, inadequate antibiotic administration and prolonged antibiotic
administration), prolonged hospital stay, immunosuppression, immunosuppression,
a lack of antenatal screening and education for GBS in pregnant women, unhygienic
behaviours in the delivery rooms and neonatal intensive care units and a high

number of premature babies... could explain that predominance. (63,69-71)

The leading causes of bacterial meningitis in our study were different to what has
been suggested by previous studies, also from LMIC. For example, in a study
conducted in the Gulf region in Oman, the introduction of meningococcal serogroup
A and C vaccine, pneumococcal vaccine, and Hib vaccine did not seem to impact
the leading pathogens. S. pneumoniae, H. influenzae and N. meningitidis were still
the 3-leading cause of bacterial meningitis among children under 1 year.(40) That
could be due to the fact that in the Oman study they used the neutrophilic
pleocytosis, latex agglutination test for antigen as well as culture test of CSF to
define a case of bacterial meningitis while our study included only the culture test of
CSF.

In a Kenyan study by Laving and colleagues found that E. coli, GBS, and K.
pneumoniae were the most common pathogens isolated in neonates. Once again
the leading causative pathogens were different to what we found.(51) Their results
were different from our findings. That may be due to the fact that this study was
located in one hospital while our study was a nationwide study. Similarly, a
Namibian study tracking infants identified S. pneumonia, Haemophilus sp and
Streptococcus sp as the 3 most common pathogens isolated in the postneonatal
period also starkly different to what we found.(72) This could be attributable to
differences in the two contries’ healthcare programmes. In South Africa, another
study conducted by Velaphi and colleagues in Soweto identified almost the same
pathogens as our study as causes of sepsis in the neonate. However, the most
common pathogens were not the same. (73) The difference could be explained by
the fact the Velaphi and colleagues examined molecular and culture CSF, blood as
well as respiratory (nasopharyngeal and oropharyngeal swabs) specimen samples
while our study only examined CSF culture.
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Gender, province and seasons with the highest number of cases

The finding that male children were more likely to test positive was similar to findings
suggested by a number of previous studies. (40,47,51,53) That may be explain by
some genetic and endocrine effects on their immune system and physiology. (74,75)

The fact that Gauteng was the most affected is quite understandable since Gauteng
is the most populated province, with 25.3% of the national population living in this
province for the year 2018 and the most developed province with better access to

care and laboratories testing. (52,76)

The highest number of cases were recorded in Spring which was similar to the
findings in Iceland. (59) That may be the result of some damage on mucosal
defences of patients due to environmental conditions caused during dry seasons.
(77)

Characteristics of people who tested positive for the two most common

pathogens (A. baumannii and K. pneumonia)

When we compare the characteristics of the 2 commonest pathogens identified (A.
baumannii and K. pneumonia), the study suggests that cases of A. baumannii were
significantly more likely to be identified in the Gauteng province This could be due to
a lack of infection control programs and management of bacterial infection including
factors such as a high antimicrobial resistance rate, inappropriate antimicrobial use
as well as the non respect of different antibiotic control policy, non-adequate use of
antibiotics. Other factors such as a high incidence of preterm birth, , and long
hospital stays since A. baumannii is a nosocomial pathogen.(78) Regarding the
seasonality, in our study cases of meningitis due to A. baumannii were significantly
more likely to be recorded in spring, the results are not corroborated by those of
previous studies on A. baumannii which have shown that A. baumannii is more likely
to be recorded in summer(warm and humid season), as well as the Paireau and

colleagues findings on the seasonality of bacterial meningitis in general (57,79)

Strengths and limiatation

34



Strengths and limitations

The study had several strengths: The study included all bacterial pathogens (other
than TB) and included data across South Africa. Although the study only included
CSF culture, it provided a clear distribution of aetiology and incidence of bacterial
meningitis over a 5-year period using data from the largest public health service for
pathology diagnostics with the best facilities for microbiological testing and

procedures, which serves 80 % of the total population of South Africa.

We have also identified some limitations. These included the lack of information on
the Hib vaccine and HIV status. We also experienced missing data for the entire
Western Cape province in 2014; the missing of the date of birth for 4129 specimens
and the fact that all cases of Coagulase-negative staphylococci were considered as
contaminants because of the difficulty of defining a case of Coagulase-negative
staphylococci by only one positive CSF. There was also no data on TB status, which

can be relevant in meningitis analyses.
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5 CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

Despite the introduction of the Hib vaccine and PCV, the different incidence of
different pathogens tended to increase during our study period. However, no case of
S. pneumoniae was recorded and only 9 cases of Hib were recorded of the 5 years.
A. baumannii K. pneumonia and GBS were the leading causative pathogens in
children in the neonatal period and children under 1 year while in the postneonatal
period, K. pneumonia, S aureus, A. baumannii were the most common identified.
Overall, this study suggests a predominance of nosocomial pathogen and mother to
child transmissible pathogens as the cause of bacterial meningitis. Data suggest that
different public health programmes should not only be focused on vaccination
(immunisation) programmes. Consideration should also be given to national and
provincial prophylactic measures(infection prevention programme) such as rigorous
hygiene methods for the healthcare provider and cleaning, disinfection, sterilization
of the hospital environment, antenatal screening for GBS in pregnant women and
hygienic practice in the labour room and intensive care units as well as a rationalize
antibiotic use to prevent nosocomially and mother to child transmissible pathogens.
(20,71,78) Further, studies could collect clinical variables for a more accurate

diagnosis of bacterial meningitis as well as the vaccine status for children.
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