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Background

Bacterial meningitis (BM) is a significant cause of mortality in children; with deaths from
BM in children aged <5 years in Angola estimated at 2395 in 2015. Streptococcus
pneumoniae is one causative agent for BM in young children, and Angola introduced
routine immunization with a 13-valent pneumococcal vaccine (PCV13) in 2012. This
study assessed BM etiology in children in Angola following introduction of PCV13.

Methods

This was a prospective, observational, single-site study conducted from October 2016 to
October 2017. Children aged 3 months—-15 years were included. Suspected meningitis was
defined according to the World Health Organization (WHO) guidelines. Detection and
characterization of S. pneumoniae, Neisseria meningitidis, and Haemophilus influenzae was
carried out using polymerase chain reaction (PCR) assay.

Results

A total of 1732 patients were enrolled and bacteria were detected in 137 cerebrospinal
fluid samples. The most common pathogen detected was S. pneumoniae (43/137, 31.4%),
followed by H. influenzae (21/137, 15.3%) and N. meningitidis (16/137, 11.7%) with 48% (10/
21) of S. pneumoniae cases caused by PCV13 vaccine serotypes. N. meningitidis isolates
were serogroups B, C and Y, and 67% (10/15) of H. influenzae isolates were type b. In
patients with meningitis and a pathogen detected, mortality (38% (50/132) vs. 12% (101/
818), P<0.0001) and severe neurological sequelae (15% (10/67) vs. 5% (35/667), P=0.002)
were higher than in those without pathogens detected.

Conclusions

These data highlight that strategies to reduce the incidence of BM caused by N.
meningitidis, S. pneumoniae and H. influenzae must continue to reduce mortality and
morbidity.

The global burden of bacterial meningitis (BM) is high,
with an estimated 115,000 deaths in children aged under
five years in 2015.1 Outcomes from BM in children in Africa
are often poor, with reports of mortality ranging from
1-75% depending on etiology, and the incidence of severe
sequelae ranging from 3-57%.2:3 The etiology of BM varies
with age; although Streptococcus pneumoniae is common in
all age groups, it is most prevalent in young children, Neis-
seria meningitidis and Haemophilus influenzae are also com-
mon in children aged under five years.*>

Angola is amongst the most impoverished countries in
Africa despite a fast growing economy.® The under-5 year
mortality rate in the country is one of the highest in the

world, 157 per 1000 live births in 2015.7 Angola has made
progress in reducing BM mortality in children aged under 5
years, from 6695 estimated deaths in 2000 to an estimated
2395 deaths in 2015. However, BM still accounts for approx-
imately 1% of the deaths in those aged under 5 years.! An-
gola’s routine immunizations include the pentavalent vac-
cine (diphtheria/tetanus/pertussis [DTP], hepatitis B, and
H. influenzae type b) which was introduced in 2006, and
the 13-valent pneumococcal vaccine (PCV13; against 13
serotypes of S. pneumoniae) which was introduced in 2013.
Both are administered at 2, 4 and 6 months of age. Current
estimates for three doses of DTP vaccine coverage in chil-
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dren in Angola range from 48% to 84%,7-9 while estimates
for PCV13 vaccination rates range from 59% to 82%.°

Following the introduction of routine childhood pen-
tavalent vaccination in 2006, the number of BM cases due to
H. influenzae type b dropped by 86% in the country.10 There
is also substantial evidence that the use of PCV vaccines can
dramatically reduce cases of invasive pneumococcal disease
in high-, middle- and low-income countries.!1~17 This
study assessed the etiology of BM in Angola in children
aged 3 months to 15 years following the introduction of
PCV13 vaccination.

METHODS
STUDY DESIGN

This was a prospective, observational, single site, descrip-
tive study conducted between 21 October 2016 and 20 Octo-
ber 2017 at Hospital Pediatrico David Bernardino (HPDB) in
Luanda, Angola, a 300-bed pediatric referral and teaching
hospital.

All children aged up to 15 years admitted to HPDB and
presenting with suspected meningitis were approached for
enrolment and screened for study eligibility by cere-
brospinal fluid (CSF) analysis. Only children aged from 3
months to 15 years were included in this analysis. Sus-
pected meningitis was defined according to the World
Health Organization (WHO)!8 guidelines and included sud-
den onset of fever (>101.3°F (38.5°C) rectal or 100.4°F
(38.0°C) axillary) and one of the following signs: neck stiff-
ness, altered consciousness with no alternative diagnosis,
other meningeal signs in a child aged 30 days to <15 years
or a clinical diagnosis of meningitis in a hospitalized child.
Macroscopic and microscopic examination of CSF was con-
ducted at the local laboratory to determine if the case was
probable or confirmed meningitis. Gram staining and cell
counting was conducted on all specimens, and bacterial cul-
ture was performed if CSF leucocytes were >10/mL, or the
glucose concentration was <25 mg/dL. Bacterial antigen test
was conducted when available, if >100 leukocytes/mm3
were present and bacterial culture was negative.

Probable meningitis was defined as a CSF from a sus-
pected meningitis case characterized by turbidity or leuko-
cytosis (>100 cells/mm3), or leukocytosis (10-100 cells/
mm3) AND either an elevated protein (>100 mg/dL) or de-
creased glucose (<40 mg/dL) concentration.!8

Confirmed BM was defined as a suspected BM case that
was laboratory-confirmed by culture or bacterial identifica-
tion (i.e. by Gram stain, antigen detection, PCR).18

CSF samples were stored and sent to the Centre for Res-
piratory Diseases and Meningitis (CRDM), National Insti-
tute for Communicable Diseases (NICD), Johannesburg,
South Africa for polymerase chain reaction (PCR) testing.

LABORATORY METHODS

All CSF specimens were transported to the local laboratory
within three hours of sampling for macroscopic and micro-
scopic examination according to local guidelines. One sam-
ple tube containing sufficient CSF from all cases of sus-
pected meningitis was stored at —80°C as soon as possible,
to protect the integrity of the bacterial DNA. Samples were

shipped to NICD for real-time PCR to detect meningococ-
cus, pneumococcus and H. influenzae and perform further
characterization on PCR-positive samples.

DNA extraction was performed using the MagNA Pure
96 instrument (Roche, Mannheim, Germany) with Viral NA
small volume kit (Roche) according to manufacturer’s in-
structions. The molecular detection of meningitis
pathogens targeted the ctrA, IytA and hpd genes for N.
meningitidis, S. pneumoniae and H. influenzae respectively,
using a multiplex real-time PCR assay as previously de-
scribed (up to and including cycle threshold [Ct]=39).19 All
real-time PCR assays were performed using the Applied
Biosystems 7500 Fast real-time PCR platform (Applied
Biosystems, Foster City, California, USA).1?

All PCR positive samples were further serotyped by real-
time PCR. CSF samples positive for ctrA or hpd targets (up to
and including C,=39) underwent serogrouping/typing: ctrA
positive samples were confirmed using two multiplex reac-
tions for detection of serogroups A, W, X, B, C, and Y,20
and the serotypes in hpd positive samples were determined
using three multiplex reactions.2122 JytA-positive samples
with C; values <35 were tested by eight multiplex reactions
detecting 38 serotypes.23,24

ENDPOINTS

The primary objective was to describe the etiology of N.
meningitidis, S. pneumoniae and H. influenzae detected in
CSF samples from children hospitalized with suspected
meningitis and to examine their association with patient or
disease characteristics. Secondary objectives included de-
termining the causative agents of acute pediatric BM and
determining the serogroup and serotype of each case of N.
meningitidis, S. pneumoniae and H. influenzae. Additionally,
duration of hospital stay, case-fatality ratio and incidence
of severe neurological sequelae were assessed throughout
the study period. Severe neurological sequelae at discharge
were defined as blindness, quadriplegia/paresis, hydro-
cephalus requiring a shunt, or severe psychomotor retarda-
tion. Information on each patient was collected including
age, sex, nutritional status, vaccination history, underlying
chronic illness, sickle cell status, diagnosis of present ill-
ness, dates of hospitalization and discharge/death, and out-
come. The information was collected using a form prepared
specifically for this study, completed by study nurses and
doctors.

STATISTICAL ANALYSIS

The data were analyzed with StatView version 5.1 (SAS In-
stitute, Cary, NC, USA). The XZ and Fisher’s exact test were
used for comparisons of categorical variables, and Mann-
Whitney and Kruskal-Wallis tests for continuous variables;
P-values <0.05 were regarded as statistically significant.
The data are presented descriptively with means, percent-
ages, medians and interquartile ranges (IQRs) where appro-
priate.
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STUDY CONDUCT AND ETHICAL APPROVAL

This study was approved by the Ethics Committee of HPDB
and the Hospital Director. Parents or guardians of all en-
rolled patients with suspected BM provided informed con-
sent to use their child’s data and samples for further analy-
sis.

RESULTS
STUDY POPULATION

CSF samples were taken from 2573 children (aged <15 years)
presenting to HPDB with suspected meningitis; of these,
1732 (67%) were aged from 3 months to 15 years (Figure
S1 in the Online Supplementary Document). The demo-
graphics of these children are shown in Table S1 in the On-
line Supplementary Document. Reasons for lumbar punc-
ture were provided for 1107 patients, with altered level of
consciousness the main reason given (64%, 709/1107)
(Table S2 in the Online Supplementary Document). The
characteristics of the CSF samples are described in Table
$3 in the Online Supplementary Document. There were
196/1732 (11.3%) cases of BM (139 (8.0%) confirmed and 57
[3.3%] probable).

The demographics of the children with BM are shown
in Table 1. The median age was 29 months for those with
confirmed or probable BM, 40% were female and 70% had
complete vaccinations for their age. There was a signifi-
cantly higher proportion of children with sickle cell disease
in those with confirmed or probable BM (18%) compared
with those finally classified with only suspected meningitis
(4%), and there was a significantly lower proportion of chil-
dren with malaria in those with confirmed or probable BM
(25%) compared with those with suspected BM (60%).

ETIOLOGY AND ORGANISM CHARACTERISTICS

Bacteria were detected in 137/1732 (7.9%) lumbar puncture
samples by culture, PCR, latex agglutination and/or Gram
staining (Table S4 in the Online Supplementary Docu-
ment). CSF culture was performed in 326 cases, of which 55
(16.9%) were positive; PCR was performed in 444 cases, of
which 53 (11.9%) were positive and 63 (14.2%) inconclusive;
latex agglutination was performed in 61 cases, of which 21
(34.4%) were positive; and gram-staining was performed in
326 cases, of which 95 (29.1%) were positive. The most com-
mon pathogen detected was S. pneumoniae (31.4%, 43/137),
followed by H. influenzae (15.3%, 21/137) and N. meningitidis
(11.7%, 16/137) (Figure 1). Of the 1732 CSF samples col-
lected, 444 (26%) had sufficient CSF volume for PCR testing
for the three bacterial organisms of interest. For S. pneumo-
niae, 10/21 (48%) of the cases were due to PCV13 vaccine
serotypes (Figure 2, Panel A), for N. meningitidis, the cases
were due to B, C and Y serogroups (Figure 2, Panel B) and
for H. influenzae, 10/15 (67%) of the samples were due to
type b and 4/15 (27%) to type a (Figure 2, Panel C). The me-
dian duration of hospital stay was 13 days for those with
BM, longer than for those without (Table 2). Among pa-
tients with BM with known outcomes, mortality was 38%
(50/132) and severe neurological sequelae reported in 15%
of patients (10/67) (Table 2). Both were significantly higher

than in those who had CSF samples and who did not have
confirmed BM.

DISCUSSION

BM remains an important cause of morbidity and mortality
in Luanda in the period following the introduction of the
PCV13 vaccine. The mortality rate of 38% among children
with BM with known outcomes was similar to that reported
at the same center in 2004 (35%).25 Severe sequelae were
reported for 15%, which is a reduction from that identified
in 2004 (24%).25 In the present study, the median age of
children with BM was 29 months, similar to that reported
in other studies of this nature in different countries.22:23
These data highlight that there is more to be done to reduce
mortality due to BM, particularly in children aged under 5
years.

Prior to the introduction of the pentavalent vaccine in
Angola, a study in the same hospital in Luanda in 2004,
identified H. influenzae type b (60%) as the main cause of
BM, followed by S. pneumoniae (24%) and N. meningitidis
(10%).25 Another study at HPDB over the period 2003-2012
highlighted that the introduction of the pentavalent vac-
cination program reduced the number of BM cases due to
H. influenzae type b by 86%, to just 4% of cases.!0 In 2004,
before the use of PCV13 in Angola, there were 93 cases of
pneumococcal meningitis identified in children in HPDB, 26
our one year study found 43 cases of pneumococcal menin-
gitis, indicating a large decline of BM caused by S. pneu-
moniae in the post PCV13 period. However, this study still
found that S. pneumoniae was the most common causative
agent of BM, followed by H. influenzae and N. meningitidis;
similar patterns have been identified in other BM surveil-
lance studies.>10,27,28

In our study, 70% of children were reported to have com-
plete vaccinations for their age; the official country esti-
mates for 2016 to 2018 were 74% to 82%, with a WHO/
UNICEF estimates of 59% to 67% over the same period.? The
reason for the discrepancy between the estimates of vaccine
coverage is unknown. The vaccine coverage in our study
may have been higher than the WHO/UNICEF estimate as
the hospital is based in an urban area which may provide
better access to vaccines and health clinics than rural areas
of Angola. A further consideration in this study is that the
PCV13 vaccine was only introduced in 2013, and so older
children would not have had the opportunity to receive this
vaccine, but would still have been recorded as having com-
plete vaccination for their age; we estimate that 40% of the
children in our study would have been too old to receive
PCV13 as part of their routine immunizations. Despite vac-
cine introduction, disease due to vaccine serotypes still oc-
curred in this study, 48% of the S. pneumoniae infections
were due to serotypes covered by the PCV13 vaccine rou-
tinely used in Angola, and 67% of cases due to H. influenzae
were type b, covered by the pentavalent vaccine. Of note,
there was previously no report of H. influenzae type a BM
in Luanda, %25 but four cases were identified in our study.
Currently there is no vaccine against this serotype. In or-
der to guide appropriate prevention strategies against H. in-
fluenzae disease and the development of a vaccine against
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Table 1. Demographics of children with and without confirmed or probable BM

Characteristics Number BM* Suspected BM P-value
analyzed (n=196) (n=1536)
Demographics
Age in months, median (IQR) 1154 29(11-72) 48 (21-90) 0.0001
Female sex, n (%) 1732 78/196 (40) 638/1536 (42) 0.64
Electricity at home, n (%) 734 88/101(87) 567/633(90) 0.46
Complete vaccinations for age, n (%) 631 63/90 (70) 361/541(67) 0.54
History of acute illness
Fever in days, median (IQR) 881 4(3-7) 3(2-6) 0.0003
Frf)evious fever and/or malaria treatment, n 617 70/95 (74) 316/522 (61) 0.015
%
Previous antibiotics, n (%) 434 28/70 (40) 74/364 (20) 0.0007
Findings on admission
Seizures, n (%) 942 89/129 (69) 596/813(73) 0.31
Altered level of consciousness, n (%) 954 94/129 (73) 609/825 (74) 0.82
Shock*, n (%) 743 3/103(3) 20/640 (3) >0.99
Dyspnea, n (%) 930 78/133(59) 375/797 (47) 0.013
Dehydration, n (%) 886 38/125 (30) 147/761(19) 0.005
Malnutrition, n (%) 908 42/128(33) 164/780(21) 0.003
Laboratory tests
Sickle cell disease, n (%) 742 19/105 (18) 24/637 (4) <0.0001
Malaria test positive, n (%) 432 14/57 (25) 224/375 (60) <0.0001
HIV positive, n (%) 741 3/105 (3) 14/636(2) 0.72

IQR - Interquartile range, BM - bacterial meningitis

*Confirmed or probable BM. # Defined as hypotension, bradypneia, hypothermia and/or cyanose.

Figure 1. Breakdown by causative agent.
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Figure 2. Serotypes for S. pneumoniae (A), N. meningitidis (B) and H. influenzae (C) detected by PCR.

Table 2. Outcomes in patients with and without confirmed or probable BM

Characteristics Number BM* Suspected BM P-value
analyzed (n=196) (n=1536)
Fatal outcome, n (%) 950 50/ 101/818(12) <0.0001
132(38)

Length of stay, days, median (IQR) 797 13(10-18) 6(3-9) <0.0001
Severe neurological sequelae®, n (%) 734 10/67 (15) 35/667 (5) 0.002
Fatal outcome or severe neurological sequelae, 899 60/121 136/778 (17) <0.0001
n (%) (50)

IQR - interquartile range, BM - bacterial meningitis

*Confirmed or probable BM. #Defined as blindness, quadriplegia/paresis, hydrocephalus requiring a shunt, or severe psychomotor retardation.

non-type b disease, continued surveillance to monitor non-
type b H. influenzae cases is being undertaken.

Causes of BM from N. meningitidis were also due to vac-
cine-preventable serogroups; however, these vaccines are
not routinely used in Angola. Our study indicates that 12%
of BM cases in children were caused by N. meningitidis. Over
50% of these meningococcal cases were in children aged <5
years, suggesting that vaccination in this age group could
further reduce cases of BM in the country. Previous N.
meningitidis outbreaks have been identified in Angola, and
the introduction of targeted vaccination helped to control
these.2?

Strategies to reduce the incidence of BM must continue
to focus on increasing vaccination coverage and raising
awareness of the signs and symptoms of disease to allow for
prompt medical attention and antibiotic treatment, which
can help to reduce mortality and morbidity. Access to health
centers that provide vaccination may be more difficult in
rural areas, with potentially lower availability of vaccines,30
so it is important to develop strategies to improve access.

The use of PCV vaccines in high-, middle- and low-income
countries can reduce cases of invasive pneumococcal dis-
ease,!1-17 and so efforts should focus on ensuring uptake of
these vaccines. A catch-up program for vaccination of those
not included in the primary series could be considered to
help increase coverage. Previous studies have shown that
catch-up campaigns in older children often result in better
and longer-lasting protection, as immunity in infants may
wane rapidly post-vaccination.31:32 Concurrent comorbidi-
ties such as HIV infection and malnutrition can also affect
the severity of BM, with previous studies reporting higher
mortality in populations of children affected by both BM
and HIV33 and in those infected with BM who were also
found to be malnourished or underweight,3* highlighting
the importance of targeting high-risk groups.

Continual surveillance of the incidence and etiology of
BM at a city/country-wide level will also help guide preven-
tion and control strategies in a timely and responsive man-
ner. There are challenges to efficient surveillance programs
in countries such as Angola, predominantly the lack of re-
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sources and funding to maintain such systems and conduct
the necessary testing.3536

STUDY LIMITATIONS

Findings were from a single referral hospital in Luanda, An-
gola. However, most children in Luanda would attend this
hospital in the first instance, or be referred here by other
hospitals if meningitis were suspected. The study was un-
dertaken in an urban setting, and there are likely to be dif-
ferences compared to a rural setting. The PCR assay used
detected only the three pathogens (S. pneumoniae, H. in-
fluenzae and N. meningitidis) and thus other bacterial causes
of meningitis may have been missed. BM in neonates is
known to have different etiology to BM in children, and so
infants < 3 months were not included in this study; we also
only included children aged up to 15 years as that is the age
coverage of the hospital. Patient information for the cases
was obtained from medical records, charts and data-collec-
tion forms prepared for the study and consequently were in-
complete for many patients.
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