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Background.  Despite the availability of vaccines, invasive bacterial diseases remain a public health concern and cause childhood
morbidity and mortality. We investigated the characteristics of etiological agents causing bacterial meningitis in children <5 years
in the years pre- (2010-2012) and post- (2014-2019) 10-valent pneumococcal conjugate vaccine (PCV10) introduction in Zambia.

Methods.  Streptococcus pneumoniae (Spn), Haemophilus influenzae (Hi), and Neisseria meningitidis (Nm) from cerebrospinal
fluid (CSF) were identified by microbiological culture and/or real-time polymerase chain reaction.

Results.
which were probable cases. Bacterial meningitis was confirmed in 37% (221 of 598) of the probable cases. Spn pneumoniae, Hi, and
Nm accounted for 67% (148 of 221), 14% (31 of 221), and 19% (42 of 221) of confirmed cases, respectively. Thirty-six percent of
pneumococcal meningitis was caused by 10-valent pneumococcal conjugate vaccine (PCV10) serotypes, 16% 13-valent pneumo-

During the surveillance period, a total of 3811 children were admitted with suspected meningitis, 16% (598 of 3811) of

coccal conjugate vaccine and 39% by nonvaccine serotype (NVS). There was an association between the introduction of PCV10 vac-
cination and a decrease in both Spn meningitis and the proportion of PVC10 serotypes in the postvaccination period. Antimicrobial
susceptibility of 47 Spn isolates revealed 34% (16 of 47) penicillin resistance. The 31 serotyped Hi accounted for 74% type b (Hib)

and 10% type a (Hia). All 42 serogrouped Nm belonged to serogroup W.

Conclusions.

There was a decline in pneumococcal meningitis and proportion of PCV10 serotypes in the postvaccination

period. However, the serotype replacement with non-PCV10 serotypes and penicillin resistance warrant continued surveillance to

inform policy.
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Infectious diseases remain a leading cause of death globally in
children below the age of 5 years [1]. In 2019, 5.2 million deaths
were recorded in children <5 years with sub-Saharan Africa re-
cording the highest at 2.8 million (53%) [1].

Although childhood vaccination prevents 2 million deaths a
year worldwide, deaths caused by vaccine-preventable diseases
among children aged <5 years is approximately 2.5 million
deaths a year in Africa and Asia [2, 3]. Streptococcus pneumoniae
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([Spn] pneumococcus), Haemophilus influenza (Hi) type b
(Hib), and Neisseria meningitidis ([Nm] meningococcus) are
the 3 main pathogens known to cause morbidity and mortality
from acute bacterial meningitis in low-income countries [4, 5].
In 2011, before the introduction of pneumococcal conjugate
vaccine in Zambia, a review of laboratory data to determine the
main causative agents of meningitis at the University Teaching
Hospital (UTH) found S pneumoniae to be the leading cause of
bacterial meningitis [6].

Pneumococcal disease remains a public health concern be-
cause it is associated with long-term sequelae and high case-
fatality rates (CFRs), which worsen by the rise in resistance to
commonly used and affordable antibiotics such as penicillin
[7, 8]. An estimated 1.6 million children under 5 years of age
die every year as a result of pneumococcal disease, the highest
burden being in sub-Saharan African countries with high
human immunodeficiency virus (HIV) prevalence [8, 9]. More
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than 95 pneumococcal serotypes have been identified, based
on differences in the antigenic characteristics of their capsular
polysaccharides. These play a vital role in the pathogenesis, vir-
ulence, target organs, antimicrobial susceptibility, age, and ge-
ographical distribution of invasive pneumococcal disease [10].
Currently, 2 pneumococcal vaccines are available for children,
namely, 10-valent pneumococcal conjugate vaccine (PCV10)
and 13-valent pneumococcal conjugate vaccine. The PCV10
covers serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19E, 23F, whereas
PCV13 additionally covers serotypes 3, 6A, 19A.

In 2015, a global estimate of 29 500 Hib deaths occurred in
HIV-uninfected children with an additional 1000 deaths in
HIV-infected children [11]. The CFR ranged from 5% (with
proper treatment) to 60% (improper/incomplete treatment)
with 20%-40% sequelae such as blindness and hearing loss in
survivors [12, 13]. Before the introduction of Hib conjugate vac-
cine, Hib was the leading cause of nonepidemic bacterial men-
ingitis worldwide with more than 90% of Hib disease occurring
in children <5 years of age [13]. Haemophilus influenzae type b
has almost been eliminated globally due to the highly effective
protein-polysaccharide conjugate Hib vaccine, which has been
available for over 20 years [14].

Neisseria meningitidis is associated with high fatality and fre-
quency of neurological sequelae and has the potential to cause
large epidemics. Although it is observed worldwide, the highest
burden of disease is in the meningitis belt of sub-Saharan Africa
[15]. Approximately 50 000 to 1 200 000 meningococcal cases
are reported yearly, mostly during the dry season [15]. There
are 12 meningococcal serogroups, but only 6 (A, B, C, W, X,
and Y) are known to cause epidemics, with serogroup A being
the most prevalent in Africa [15]. Vaccines against meningo-
coccal disease are serogroup specific and confer varying degrees
of protection and coverage duration [16]. Although major im-
provements in strain coverage has been made, there is still no
universal meningococcal vaccine [17].

The World Health Organization (WHO) recommended the
inclusion of Hib and the PCV10 using a 3 primary-dose series
atage 6, 10, and 14 weeks in childhood immunization programs
[18]. The introduction of vaccines in countries within WHO
African region, as part of their national childhood Expanded
Programme on Immunisation, has resulted in a significant de-
cline in invasive bacterial diseases (IBDs) caused by pneumo-
coccus and Hib [6, 8, 19].

Zambia introduced Hib vaccine in January 2004 and PCV10
(3 + 0 schedule) [8] in July 2013. There is currently no menin-
gococcal vaccine available in Zambia.

Zambia has been part of the WHO coordinated Invasive
Bacterial Diseases Paediatric Bacterial Meningitis (PBM)
surveillance network since 2003. In this study, we aim to re-
view PBM surveillance data in Zambia over a 10-year period,
2010-2019. The objective of this investigation was to describe
confirmed cases of bacterial meningitis and their clinical

presentation, pathogen, and serotype distribution in the pre-
and post-PCV10 introduction and pneumococcal antimicro-
bial susceptibility patterns.

METHODS

Study Design and Case Definition

The study was part of the African PBM sentinel surveillance
network initiated by the WHO and other immunization col-
laborates in 2001. It comprises a robust, hospital-based sentinel
surveillance system that collects case-based information on
clinically suspected and laboratory-confirmed bacterial men-
ingitis cases among children <5 years of age who present to
healthcare facilities. The case definitions of suspected, probable,
and confirmed bacterial meningitis were used as per WHO
guidelines [20].

The time periods were categorized as follows: prevaccine in-
troduction 2010 to 2012, postvaccine period 2014 to 2019, and
2013 as the year of vaccine introduction. Data from the year of
vaccine introduction (2013) was not included when comparing
the prevaccine against the postvaccine period.

Study Site

The UTH, a national referral hospital in the capital city of
Lusaka, is the only Zambian sentinel site. The UTH is a highly
specialized referral hospital with several specialty departments.
The Children’s Hospital is part of the UTH and has a 400-bed
capacity with over 10 000 admissions per year. Approximately
85% of cases received at the Children’s Hospital are referred
from district hospitals for specialized care.

Target Population

Sentinel site surveillance was conducted at the UTHs Children’s
Hospital. The cases were identified according to the 2003
WHO-recommended standards for surveillance of selected
vaccine-preventable diseases and standard operating proced-
ures for bacterial meningitis surveillance [21].

Cerebral Spinal Fluid Collection and Questionnaire

Children who met the case definition had a lumbar puncture
performed aseptically by a doctor under the supervision of an
experienced pediatrician. Clinical and demographic data were
collected from children whose parent/guardian had given in-
formed consent using a WHO standard case investigation form.
Once cerebral spinal fluid (CSF) was collected, it was trans-
ported to the onsite Microbiology and Chemistry laboratories
within 1 hour of collection.

Conventional Analysis of Cerebral Spinal Fluid Specimens

Two CSF sample tubes per patient were submitted to the
clinical laboratory; 1 for cell count, Gram stain, and bacterial
culture and a second for glucose and protein concentrations.
Bacterial culture was performed using blood and chocolate agar
(containing 5% sheep blood) and MacConkey agar (Oxoid,
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Basingstoke, UK). All plates were incubated for 18-48 hours at
35-37°C; blood and chocolate agar in 5% CO, and MacConkey
aerobically. Any residual CSF sample (of at least 50 uL) was
aliquotted and stored in —70°C.

Pathogen identification was done using conventional phe-
notypic methods such as colony morphology, growth require-
ments, Gram stain, and biochemical tests [22]. When available,
the Pastorex meningitis kit was used for the rapid detection of
Hib, pneumococcus, and meningococcus groups A, B, C, W,
and Y antigens from CSFs supernatant of with a turbid appear-
ance or leukocytosis >100 cells/mm”.

Real-Time Polymerase Chain Reaction Detection of Pathogens

At scheduled intervals, the stored CSF specimens and any
corresponding isolates were sent to the Regional Reference
Laboratory at the National Institute for Communicable Diseases
in South Africa where all samples were tested and genotyped by
a multiplex real-time polymerase chain reaction (PCR) for the
detection of H influenzae, N meningitidis, and S pneumoniae.
Identification of pneumococcal isolates received was done
using Optochin susceptibility and bile solubility and serotyping
of by Quellung reaction using specific antisera (Statens Serum
Institute, Copenhagen, Denmark).

The MagNA pure 96 instrument (Roche) was used to extract
the total nucleic acid from 200 pL of all CSFs received, whereas the
Applied Biosystems 7500 Fast real-time PCR instrument (Applied
Biosystems, Foster City, CA) was run for the molecular detection
of meningitis targeting ctrA, lytA, and hpd genes for N meningitidis,
S pneumoniae, H influenzae, respectively [23]. The amplification
cycle involved an initial denaturation step at 95°C for 10 minutes,
followed by 45 cycles of 95°C for 15 seconds and 60°C for 1 minute.
Positivity for each of the targets was inferred using cycle threshold
(Ct) values. Different Ct cutoft values were used to define positive,
negative, and inconclusive results. The Ct cutoff for pathogen gene
detection (Hi = hpd; Nm = ctrA; Spn = IytA) was <35. Polymerase
chain reaction detection of RNaseP gene was done to determine
sample integrity and the absence of any possible inhibitors, thus
confirming true negative PCR results. Detection of the RNaseP gene
was used to confirm true negative PCR results; samples with a Ct
value >36 were reported as PCR inconclusive.

Specific Capsule Serogrouping and Serotyping Polymerase Chain
Reaction Assays

Real-time PCR genotyping/grouping was then performed
on all samples that tested PCR positive for 1 of the 3 genes.
Pneumococcal serotyping of lytA-positive samples consisted of
8 multiplex reactions and detected 38 serotypes (including all
serotypes in PCV13). Samples negative for all 38 serotypes were
reported as NEG38 or nonvaccine type [24, 25]. In instances
in which the PCR target could not distinguish between vac-
cine and nonvaccine serotype (NVS), we reported such sero-
type (9V/9A, 18A/18B/18C/18F) as nonvaccine serotype. For

meningococcal serogrouping, 2 multiplex reactions were run,
and the target genes included sacB, synD, synE, synG, xcbB, and
synF genes for serogroups A, B, C, W, X, and Y, respectively
[26], whereas 3 multiplex reactions were run for H influenzae
serotyping, targeting acsB (type a), besB (type b), cesD (type C),
dscE (type d), ecsH (type e), and bexD (type f) [27].

Antimicrobial Susceptibility Testing

Antimicrobial disc susceptibility testing was performed on vi-
able, culture-positive (59%, 47 of 80) Spn isolates. The inter-
pretation of results were done according to the Clinical and
Laboratory Standards Institute guidelines [28]. Minimum in-
hibitory concentrations (MICs) were determined using E-tests
(Oxoid, Basingstoke, UK); penicillin and ceftriaxone suscepti-
bility was classified as <0.06 pg/mL and <0.5 pg/mL, respec-
tively. Streptococcus pneumoniae ATCC strain 49619 was used
for quality control purposes.

Statistical Analysis

Data were entered into a custom database using Epi Info version
3.5.4 (CDC, Atlanta, Georgia) and was analyzed using SPSS sta-
tistical software version 20 (IBM, Chicago, illinois). Categorical
variables are reported as proportion and percentage.

Using a significance of 0.05 (5%), 3 different statistical tests
were used to determine significance. We used (1) the Pearson
correlation to measure the strength and significance of the as-
sociation between the clinical characteristics and the 3 patho-
gens isolated (Spn, Hi, Nm), (2) unpaired ¢ test to measure the
significant difference between the proportion of probable cases
of males and females, and (3) analysis of variance (ANOVA)
to measure the significant difference between the proportion of
confirmed cases among the 3 age groups. The surveillance pro-
tocol was cleared by WHO and the Zambia Ministry of Health
Ethical Review Committee.

RESULTS

Suspected, Probable, and Confirmed Bacterial Meningitis Cases
Between 2010 and 2019, 3811 suspected bacterial menin-
gitis cases were reported: 16% (598 of 3811) of them were de-
fined as probable cases, and 37% (221 of 598) were confirmed
bacterial meningitis cases. The years 2010 to 2012 were the
prevaccination period with a total of 1050 suspected cases, 17%
(181 of 1050) probable cases, and 28% (51 of 181) confirmed
bacterial meningitis cases, whereas the years 2014 to 2019 were
the postvaccination period with 2178 suspected cases, 15% (326
of 2178) probable cases, and 35% (113 of 326) confirmed bac-
terial meningitis cases. The year of vaccine introduction (2013)
had 583 suspected cases, 91 probable cases, and 57 confirmed
cases (Table 1).

Characteristics and Clinical Signs of Study Participants
Although suspected and probable meningitis cases were
mostly male at 54% (2074 of 3811) and 53% (317 of
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Table 1.
by Culture and/or PCR at the UTH Children’s Hospital, 2010-2019

National Vaccination Coverage Rate and Year of Admission of Children <5 Years With Suspected Probable and Confirmed Bacterial Meningitis

National Vaccination
Coverage Rate

Confirmed Bacterial Meningitis Cases by Culture and PCR

Streptococcus Haemophilus Neisseria
Admission Year Pentavalent PCV10 Suspected Cases Probable Cases Confirmed Cases pneumoniae influenzae meningitidis
2010 97 - 268 43 (16%) 4 (9%) 4 (100%) 0(0) 0 (0)
2011 95 - 292 58 (20%) 13 (22%) 13 (100%) 0(0) 0(0)
2012 91 - 490 80 (16%) 34 (43%) 29 (85%) 3 (9%) 2 (6%)
2013 93 29° 583 91 (16%) 57 (63%) 42 (74%) 5(9%) 10 (18%)
2014 92 88 521 78 (15%) 41 (53%) 20 (49%) 9 (22%) 12 (29%)
2015 90 81 500 64 (13%) 29 (45%) 11 (38%) 7 (24%) 11 (38%)
2016 99 98 471 65 (14%) 19 (29%) 11 (58%) 5 (26%) 3 (16%)
2017 94 94 245 35 (14%) 12 (34%) 9 (75%) 1(8%) 2 (17%)
2018 90 90 239 46 (19%) 8(17%) 5 (63%) 1 (13%) 2 (25%)
2019 88 89 202 38 (19%) 4 (11%) 4 (100%) 0(0) 0(0)
Total - - 3811 598 221 148 31 42

Abbreviations: PCR, polymerase chain reaction; PCV10, 10-valent pneumococcal conjugate vaccine; UTH, University Teaching Hospital.

NOTES: (1) PCV10 introduction July 2013. National Vaccination Coverage Rate (percentage) reference: Ministry of Health of Zambia, April 2020, Expanded Programme on Immunisation. M.
Silitongo, February 2019, Unpublished data. (2) Pentavalent: The 5-in-1 vaccine giving protection against diphtheria, tetanus, pertussis, polio, and Hib. (3) PCV10: The 10-valent pneumococcal
conjugate vaccine giving protection against pneumococal diseases caused by 10 serotypes (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F).

*Year PCV10 was introduced.

598) compared with females at 46% (1737 of 3811) and 47%
(281 of 598), respectively, there was no significant difference
(P =.77). Most of the children were in the 0-12 months age
group followed by 24-59 months and then 12-24 months
(Table 2), with strong evidence showing a significant differ-
ence between the proportions of the confirmed cases among
the 3 age groups (P = .00), and the post hoc test for differ-
ence between each group showing significance at 95% con-
fidence interval on each of the groups.

Children presented with a wide range of symptoms and signs.
In the period under review, the most common clinical sign was
the presence of seizures at 29% (1116 of 3811), and the least
common sign was petechial rash at 0.1 (5 of 3811) (Table 2).
Using Pearson’s correlation, Spn had a positive correlation with
high respiratory rate with a significance of 0.5, whereas Hi and
Nm both had a positive correlation with neck stiffness with a
significance of 0.00.

Etiological Agents

In 93% (3526 of 3811) of the CSF specimens processed, cul-
ture- and/or PCR-positive confirmed cases totaled 107 and 221,
respectively (Spn—80 culture positive and 148 PCR positive;
Hi—14 culture positive and 31 PCR positive; Nm—13 culture
positive and 42 PCR positive). Polymerase chain reaction had
a higher sensitivity for identification and/or detection of the 3
pathogens compared with culture (52% for the confirmed cases,
46% for Spn, 55% for Hi, and 69% for Nm).

Of the 221 laboratory-confirmed meningitis cases, Spn
(67%, 148 of 221) was the most common etiological agent fol-
lowed by Nm (19%, 42 of 221) and Hi (14%, 31 of 221) (Table 1).
Streptococcus pneumoniae showed a downward trend after

PCV10 introduction in 2013 with 95% confidence interval of
the probability of Spn from confirmed cases (the probability
of having Spn from the confirmed cases in 2014 ranges from
26.9% to 70.7% and 28.7% to 87.1% in 2016) (Figure 1). Both
Hi and Nm cases remained relatively low in the period under
review; however, an increase in cases was seen in 2014 and 2015
(Figure 1).

Serotypes

During the review period, we detected pneumococcal serotypes
PCV10 (36%, 54 of 148), PCV13 (16%, 23 of 148), and NVS
(39%, 57 of 148); however, a serotype was not possible from the
remaining 9% (14 of 148) because the samples had insufficient
deoxyribonucleic acid for serotyping. The predominant were
serotypes were 1 and 6A/6B, which accounted for 14% and 11%
of Spn cases. Serotype 6A/6B was included in the PCV13 group
because PCV13 is known to cover both 6A and 6B; hence, the
assumption of cross-protection was considered. The rare Spn
serotype 46 detected during the 2012-2013 season was the most
common among the NVS and accounted for 5% of all the Spn
cases (Table 4).

There was an association between the introduction of PCV10
vaccination and decrease in both Spn meningitis and the pro-
portion of PVC10 serotypes in the postvaccination period.
However, there was serotype replacement with NVS and un-
known serotypes with a combination of vaccine serotype and
NVS (Table 4).

During the 10-year period, serotyped Hi belonged to 74%
(23 of 31) Hib and 10% (3 of 31) Hia, whereas the remaining
16% (5 of 31) were unable to be serotyped due to a high
Ct. All of the N meningitidis (100%, 42 of 42) cases were
serogroup W.
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Table 2. Clinical and Demographic Characteristics of Children <5 Years With Suspected PBM at the UTH Children’s Hospital, 2010-2019

Characteristics Suspected Cases Probable Cases Confirmed Cases Haemophilus influenzae  Streptococcus pneumoniae Neisseria meningitidis

Age in Months

0 < 12 months 2852 424 (15%) 140 (33%) 22 (16%) 101 (72%)
12 to < 24 months 307 54 (18%) 19 (35%) 2 (1M %) 14 (74%)
24-59 months 652 120 (18%) 62 (52%) 7 (M%) 33 (53%)
Total 3811 598 (16%) 221 (37%) 31 (14%) 148 (67 %)
Gender

F 1737 281 (16%) 113 (40%) 17(15%) 76 (67 %)
M 2074 317 (15%) 108 (34 %) 14 (13%) 72 (67 %)
Total 3811 598 (16 %) 221 (37%) 31 (14%) 148 (67 %)
Presence of seizure 1116 130 (12%) 62 (48%) 13 (21%) 41 (66%)
Altered consciousness 457 69 (15%) 41 (59%) 5(12%) 30 (73%)
Dehydration 386 69 (18%) 20 (29%) 1(5%) 18 (90%)
Bulging fontanel 388 60 (16%) 25 (42%) 6 (24%) 15 (60%)
Neck stiffness 269 41 (15%) 25 (61%) 7 (28%) 8 (32%)
Lethargy 38 1(3%) 0(0) 0(0) 0(0)
Meningitis rash 5 0(0) 0(0) 0(0) 0(0)
High respiratory rate 678 134 (20%) 51 (38%) 2 (4%) 37 (73%)
Difficulty breathing 448 60 (13%) 28 (47%) 2 (7%) 21 (75%)
Cough 421 73 (17 %) 32 (44%) 4 (13%) 21 (66%)
Chest in-drawing 53 6 (11%) 1(17%) 0 (0) 0(0)
Stridor 17 2 (12%) 0 (0) 0 (0) 0 (0)

17 (12%)
3 (16%)
22 (36%)
42 (19%)

20 (18%)

22 (20%)

42 (19%)
8 (13%)
6 (15%)
1(6%)
4 (16%)

10 (40%)
0(0)
0(0)

12 (24%)
5 (18%)
7 (22%)
1(100%)
0(0)

Abbreviations: PBM, pediatric bacterial meningitis; UTH, University Teaching Hospital.

NOTES: Meningitis rash: reddish pinprick lesions that progress to widespread petechial eruptions due to bleeding under the skin. High respiratory rate: 50 breaths/min
neonates, 40 breaths/minute for children aged 12-35 months, and 30 breaths/minute for children aged 36-60 months.

ute for infants and

Antimicrobial Susceptibility pneumococcal isolates were susceptible to penicillin, 55% (17
Antimicrobial susceptibility testing was performed on the vi- of 31) of which were PCV10 serotypes and 45% (14 of 31) were

able, culture-positive (59%, 47 of 80) Spn isolates; 46 of 47 non-PCV10 serotypes, with MICs ranging betwe

en 0.004 and

were from the prevaccine period. Sixty-six percent (31 of47) of ~ 0.06 pg/mL. Susceptibility to ceftriaxone was 98% (46 of 47),
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Table 3. Streptococcus pneumoniae Serotypes Detected in Children <5 Years in the Pre- and Postvaccination Periods at the UTH Children’s Hospital,

2010-2019

Serotypes Prevaccination Period (2010-2012) Vaccination Year (2013) Postvaccination Period (2014-2019) Total
PCV10 Serotypes = 36% (54 of 148)

1 9 7 5 21
4 2 2 0 4
5 0 0 1 1
6B 1 3 0 4
7F 1 0 0 1
14 0 2 2 4
18C 2 2 0 4
19F 2 4 1 7
23F 3 3 2 8
Total 20 23 1 b4
PCV13 Serotypes = 16% (23 of 148)

8 1 1 1

6A 1 1 0

6A/6B 1 2 13 16
19A 1 0 1 2
Total 4 4 15 23
Nonvaccine Serotypes = 39% (57 of 148)

8 0 0 1 1
9V/9A 0 0 2 2
10A/B 1 0 0 1
10F/10C/33C 1 0 0 1
15C 8 0 0 3
18F 1 3 0 4
18A/18B/18C/18F 0 2 1 3
19B/F 3 0 0 3
46 7 1 0 8
NEG38 3 8 20 31
Total 19 14 24 57
Insufficient DNA—Unable to Obtain Serotype = 9% (14 of 148)

Total 4 4 6 14
Overall total 47 45 56 148

Abbreviations: DNA, deoxyribonucleic acid; UTH, University Teaching Hospital.

NOTES: (1) PCV10: The 10-valent pneumococcal conjugate vaccine giving protection against pneumococal diseases caused by 10 serotypes (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F). (2) PCV13:
Pneumococcal conjugate vaccine with purified capsular polysaccharide of 13 serotypes of Spn (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 19A, 19F, 18C, and 23F). (3) Nonvaccine serotype: Serotypes

not covered by PCV10 and/or PCV13.

59% (27 of 46) of which were PCV10 serotypes and 41% (19
of 46) were non-PVC10 serotypes, with MICs ranging between
0.008 and <0.5 pug/mL. Of the 47 isolates tested, penicillin-
resistant isolates 39% (11 of 28) were PCV10 serotypes and
26% (5 of 19) were non-PCV10 serotypes. Serotype 14 was
intermediate to ceftriaxone and was the only isolate from the
postvaccination period (Table 3). The high resistance to peni-
cillin in PCV10 serotypes in comparison to non-PCV10 sero-
types suggests that if the overall proportion of PCV10 serotypes
decreases in the population as seen in our study (Table 4), re-
sistance would presumably become less common.

DISCUSSION

To determine the burden of IBD in children <5 years, Zambia
embarked on sentinel site meningitis surveillance, which pro-
vided data before and after PCV introduction. This surveillance

has demonstrated that IBD is a public health problem in
Zambia. For the first time, we have described the vaccine-
preventable bacterial meningitis causative agents, clinical
symptoms, and pneumococcal antimicrobial susceptibility pat-
terns in Zambia. The decline in the frequency of probable bac-
terial and confirmed meningitis cases after PCV10 introduction
is notable. The reduction of probable bacterial meningitis cases
is consistent with findings by Mpabalwani et al [8], who ob-
served substantial decline in meningitis and pneumonia hospi-
talizations among children aged <5 years in the first 3 years after
PCV10 introduction in Zambia.

In this study, we observed that S pneumoniae (67%, 148 of
221) was the most common causative pathogen of meningitis
in children <5 years old. Our findings are comparable to find-
ings in other developing countries such as Mozambique [29]
and South Africa [30]. Likewise, these findings were consistent
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Table 4. Streptococcus pneumoniae resistance profile to Penicillin and
Ceftriaxone in Children <5 years at the UTH Children’s Hospital, 2010-2019

PCV10 Serotypes (n)

PEN MIC Range (ug/mL)

CRO MIC Range (ng/mL)

1(10) 0.004 (S) to 0.06 (S) 0.008 (S) to <0.5 (S)
4(1) 1(R) <0.5 (S)
6B (2) 0.03 (S) to 0.06 (S) <0.5 (S)
6B (2) 0.25 (S) t0 0.5 (R) <0.5 (S)
7F (1) 0.03 (S) <0.5 (S)
14.(1) 0.25 (R) 0.12 (S)
14 (1) 2 (R) 1)
18C (2) 0.08 (S) to 0.015 (S) 0.015 (S) to 0.03 (S)
19F (5) 0.5 (R) 0.12 (S) t0 <0.5 (S)
23F (2) 0.03 (S) to 0.25 (R) 0.25 (S) to <0.5 (S)
Total (28) Resistance 39% (11/28)  Intermediate 3.5% (1/28)
Non-PCV10

serotypes (n)
g 0.12 (R) 0.12 (S)
6A (1) 0.12 (R) 0.25 (S)
6A (1) 0.06 (S) <0.5 (S)
10F 0.06 (S) <0.5 (S)
15C (1) 0.06 (S) <0.5 (S)
15C (2) 0.12 (R) <0.5 (S)
18F (3) 0.008 (S) 0.015 (S)
19A (1) 0.25 (R) <0.5(S)
46 (8) 0.008 (S) to 0.015 (S) 0.03 (S) to 0.015 (S)
Total (19) Resistance 26% (5/19) Resistance (0)

Abbreviations: CRO, cefotaxime; MIC, minimum inhibitory concentration; PCV10, 10-valent
pneumococcal conjugate vaccine; PEN, penicillin; UTH, University Teaching Hospital.

NOTE: Non-PCV10 serotypes: serotypes not covered by PCV10.

with a systematic review that looked at the Global Etiology of
Bacterial Meningitis [31]. With the decline in the detection of
S pneumoniae in the post-PCV introduction era, it is expected
that meningitis and pneumonia cases, which are among the top
10 causes of hospital admission of children <5 years, would de-
cline further [8].

The predominant Spn serotypes that cause bacterial menin-
gitis in children <5 were serotype 1 and 6A/6B (39%; 21 of 54).
This finding was similar to what was found in Malawi [32] and in
the United States [33] but different from the findings in Nigeria,
where serotype 23F was the most prevalent [34]. The combina-
tion and distribution of serotype differs from country to country
[9]. This finding can be attributed to the geographical differences
in the distribution of pneumococcal serotypes [10]. Of note in
this study is the high number of non-PCV10 vaccine serotypes
confirming the occurrence of serotype replacement, as has been
seen in many other countries after the introduction of a PCV vac-
cine [35-38]. This underscores the need for continuous surveil-
lance to monitor changes in dominant circulating serotypes [39].

Although this study did not include the prevaccine period
for H influenzae, the detection of H influenzae remained rela-
tively low at 14% (31 of 221), similar to the findings in Gambia
where H influenzae (16%) was the lowest among confirmed
meningitis cases [40]. Furthermore, our findings are consistent
with another global systematic review that looked at the effects

of Hib vaccine on childhood meningitis mortality and demon-
strated that the majority of childhood meningitis mortality was
prevented with the existing Hib vaccine [19].

There was a slight increase in confirmed N meningitidis cases
(19%, 42 of 221), and all cases belonged to serogroup W. This
serogroup was not seen in Zambia until approximately 2010 and
replaced serogroup A. After the introduction of MenAfriVac,
several countries in sub-Saharan Africa recorded epidemics,
and N meningitidis serogroup W was the leading cause [41].
The shift in the epidemiology of meningococcal serogroup dis-
tribution in Zambia is similar to other nearby countries such as
South Africa, Madagascar, and Mozambique [42-44]; however,
it was different in Niger [41] and Nigeria [45], both of which
are within the African meningitis belt, where some outbreaks
with the rare serotype N meningitidis serogroup C were re-
corded. The serotype replacement can be attributed to the intro-
duction of the meningococcal serogroup A conjugate vaccine
(MenAfriVac) in most African countries [46].

Meningitis requires accurate, prompt diagnosis and antibi-
otic therapy to ensure favorable outcomes. The reduced suscep-
tibility of S pneumoniae to penicillin, with >40% strains with
MIC bordering on the nonsusceptible range, suggests the need
for prevention of this very serious condition by immunization
and ongoing surveillance to monitor changes [8]. As seen in our
study, the reduced susceptibility to penicillin and high suscepti-
bility to ceftriaxone were similar to the findings in Mozambique
[7] and Northern and Eastern African countries [47], which re-
corded medium to high resistance to penicillin and high sus-
ceptibility to ceftriaxone. These observations may be attributed
to the longstanding use of penicillin as a first-line antibiotic for
empiric treatment in most countries.

Limitations of this study were that the immunization history
for Hib and PCV10 was not available. Patient outcome was not
documented. Antimicrobial susceptibility testing was restricted
to penicillin and ceftriaxone, and therefore changes in resist-
ance to macrolides and other antibiotics, if any, are unknown.
Antimicrobial susceptibility testing was performed on only 47
Spn isolates, 46 of which were from the prevaccine period; there-
fore, the susceptibility patterns of the postvaccine period was
unknown. This study was limited to the children, whose parents
gave consent, admitted to the UTH Children’s Hospital in Lusaka,
which is a referral hospital and more densely populated, and
therefore it may not be representative of the whole country.

CONCLUSIONS

Our study has provided valuable information on the burden
of vaccine-preventable IBDs. Although all 3 pathogens—S
pneumoniae, H influenzae, and N meningitidis—were found to
be causative agents of meningitis in children aged <5 years, S
pneumoniae was still the leading cause, even in the face of high
PCV10 coverage. A decrease in confirmed meningitis cases and
PCV10 serotypes in the postvaccination period was consistent
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with a positive impact of PCV10 vaccination. However, the
increase in S pneumoniae non-PCV10 serotypes warrants con-
tinued PBM surveillance to provide informed guidance on
treatment and vaccination policies.
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