Nuwamanya et al. BVIC Infectious Diseases ~ (2024) 24:1187 BMC Infectious Diseases
https://doi.org/10.1186/512879-024-10075-y

Check for
updates

Effect of 10-valent pneumococcal conjugate
vaccine on trends of pneumococcal
meningitis in children under five years,
Uganda, 2003-2022

Yasiini Nuwamanya'”, Immaculate Ampeire?, Michael Baganizi?, Ritah Atugonza?, Fred Nsubuga?, Benon Kwesiga',
Richard Migisha', Lilian Bulage', Daniel Kadobera', Alex Riolexus Ario' and Annet Kisakye®

Abstract

Background Pneumococcal meningitis, a vaccine-preventable disease caused by Streptococcus pneumoniae (Spn)
is the leading bacterial meningitis in under five children. In April 2014, Uganda introduced routine immunization
with 10-valent Pneumococcal Conjugate Vaccine (PCV10) for infants. The target coverage for herd immunity is

>90% with three doses (PCV10-dose 3). We assessed the effect of PCV10 introduction and coverage on the trends of
pneumococcal meningitis in under five children.

Methods We analyzed laboratory-confirmed pediatric bacterial meningitis (PBM) data at two high-volume WHO-
accredited sentinel surveillance hospitals in Kampala City and Gulu District, from 2003 to 2022. We used confirmed
cases to estimate the minimum incidence of pneumococcal meningitis in the host districts and calculated annual
incidence of pneumococcal meningitis per one million populations, and the proportion of confirmed PBM
attributable to Spn. We divided the study period into 2003-2013 (pre-PCV10) and 2014-2022 (post-PCV10), and
conducted interrupted time series analysis using autoregressive integrated moving average models for the effect
of PCV10 on trends of pneumococcal meningitis and PBM attributable to Spn. We analyzed reported PCV10 data in
DHIS2 from 2014 to 2022 for annual PCV10-dose 3 coverage.

Results Among the 534 confirmed PBM cases, 331(62%) were pneumococcal meningitis; 227(69%) from Gulu District
and 104(31%) from Kampala City. The majority (95%) of the isolates were not serotyped. The majority (57%) were

male and unimmunized (98%); median age = 14(IQR=6-27) months with most (55%) aged > 12 months. The case-
fatality rate was 9%. During Pre-PCV10 period, the overall incidence of pneumococcal meningitis in the host districts
increased; slope change=1.0 (95%Cl=0.99999, 1.00001) but declined in post-PCV10 period (2014-2022) by 92% from
86 cases /1,000,000 in 2014 to 7/1,000,000 in 2022, slope change=-1.00006 (95%Cl=-1.00033, -0.99979). Whereas
there was an immediate decline in the proportion of confirmed PBM attributable to Spn in the host districts, level
change=-1.84611(95%Cl=-1.98365,-1.70856), an upward trend was recorded from 2016 to 2022, slope change=1.0
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(95%C1=0.99997, 1.00003). During 2015-2022, PCV10-dose 3 coverage was largely >90% for Gulu District and 52-72%

for Kampala City.

Conclusion The PCV10 routine immunization program reduced the incidence of pneumococcal meningitis in
Kampala City and Gulu District. There was no effect on the confirmed PBM proportionately attributable to Spn.
Kampala City persistently recorded PCV10-dose3 coverage < 90%. We recommend enhancing serotyping and periodic
nasopharyngeal carriage surveys to ascertain the maximum vaccine effectiveness and monitor Spn serotypes, and

strengthening routine immunization in Kampala City.

Keywords Pneumococcal meningitis, Streptococcus pneumoniae, Children under five, 10-valent pneumococcal

conjugate vaccine, Uganda

Background

Streptococcus pneumoniae (Spn) is the cause of pneu-
mococcal meningitis (Spn meningitis), a vaccine-
preventable life-threatening disease. Pneumococcal
meningitis together with other invasive pneumococcal
diseases (IPD) caused by Spn including septicemia, and
osteomyelitis [1] account for approximately one million
deaths every year, most among children<5 years [2].
Pneumococcal meningitis (Spn meningitis) has a case-
fatality rate of about 50% in developing countries, and
accounts for nearly half of deaths due to IPD. Addition-
ally, 20% of the survivors develop serious long-term neu-
rological complications such as hearing loss, epilepsy,
cognitive dysfunction, impaired vision and speech [3, 4].
Approximately 90 serotypes of Spn exist worldwide, but
seven serotypes (types 1, 5, 6 A, 6B, 14, 19 F, and 23 F)
cause most (=70%) of the Spn meningitis [2, 3].

The World Health Organization (WHO) recommends
two pneumococcal conjugate vaccines (PCV) for immu-
nization against IPD in Africa: the 10-valent (PCV10,
composed of antigens from serotypes 1, 4, 5, 6B, 7 E,
9V, 14, 18 C, 19 F, and 23 F) and the 13-valent (PCV13,
composed of antigens from serotypes 1, 3, 4, 5, 6 A, 6B,
7F9V, 14,18 C, 19 A, 19 F, and 23 F) vaccines [5]. Both
PCV10 and PCV13 have been shown to offer protec-
tion against over 70% of serotypes associated with IPD in
children<5 years [2]. Beyond directly protecting recipi-
ents against serotype-specific IPD, the pneumococcal
conjugate vaccine also indirectly protects unimmunized
children and adults in close contact in the community
by reducing Spn carriage in the close population [1]. A
study in selected African countries revealed that PCV10
had significantly reduced the proportion of confirmed
Spn meningitis cases due to serotypes included in PCV10
from 77.8% in 2011 to 37.1% in 2016 [5]. Other studies in
Kenya and Gambia demonstrated reduction in the inci-
dence of IPD due to any Spn serotype in children under
5 years by 81% and 56%, after the introduction of PCV10
and PCV13 respectively [6, 7].

Uganda lies in the meningitis belt of Africa and is prone
to meningitis outbreaks.

From 2001 to 2006, Spn meningitis, caused by at least
30 different serotypes, was the leading type of bacterial
meningitis in children<5 years in Uganda [8]. PCV10
covered 14 (47%) of the serotypes responsible for IPD in
Uganda at the time of introduction [8].

In April 2014, the Uganda Ministry of Health (MoH)
introduced PCV10 into the routine vaccination pro-
gram for children<1 year. The vaccine is given in three
doses, starting at the age of 6 weeks and with an interval
of 4 weeks between the next two doses, in line with the
3p+0 PCV immunization schedule [9]. In May 2023, the
national coverage for the 3rd dose of PCV10 among chil-
dren<1 year stood at 86% [10]. This was below the World
Health Organization (WHO) and national target of 90%
required for herd immunity [11]. In addition, studies
have found that immunity among children vaccinated
under the 3p+0 PCV schedule wanes over time, and is
significantly reduced after the first year of life [1, 12],
raising questions about the effectiveness of the vaccine in
the long-term.

To date, no studies have been done to determine the
impact of PCV10 on the trend of pneumococcal men-
ingitis in Uganda since its introduction into the routine
immunization program in 2014. Additionally, there was
no population-based surveillance system for pneumo-
coccal meningitis in Uganda, as of 2023. In absence of
such a community based surveillance system, WHO rec-
ommends use of data from sentinel surveillance sites as
alternatives to assess the impact of PCV [1].

We described the characteristics and clinical outcomes,
trends in incidence and proportion of Spn meningitis
among children <5 from 2003 to 2022, and PCV10 cover-
age for sentinel surveillance host districts in Uganda to
inform programming.

Methods

Study design, setting, and data source

We conducted a descriptive analysis of PBM surveillance

data at the two active large volume WHO-accredited sen-

tinel meningitis surveillance sites in Uganda from
2003-2022. The sites are located at Mulago National

Referral Hospital in Kampala City, Central Uganda,



Nuwamanya et al. BMC Infectious Diseases (2024) 24:1187

and St. Mary’s Lacor Hospital in Gulu District, North-
ern Uganda. We also analyzed the national and dis-
trict PCV10 coverage data for Uganda from the District
Health Information Software 2 (DHIS2), 2014—2022.

Paediatric bacterial meningitis surveillance at sentinel sites
On July 12, 2001, Uganda established the first pediat-
ric bacterial meningitis (PBM) sentinel surveillance site
for children<5 at Mulago National Referral Hospital
in Kawempe Division, Kampala Capital City. Two years
later, another PBM sentinel surveillance site was estab-
lished at St. Mary’s Lacor Hospital in Gulu District. At
each of the sites, individual case data is captured using
a standardized electronic case investigation form. The
form captures personal identification and demographic
characteristics, medical and immunization history, clini-
cal information, and laboratory investigations.

At both sites, a suspected case of pediatric bacterial
meningitis was defined as sudden onset, in a child aged
0-59 months, of fever (axillary temperature>38°C or
rectal temperature>38.5°C) and >1 of the following:
seizures other than febrile seizures, neck stiffness, bulg-
ing fontanel, altered consciousness, or other meningeal
signs. Probable bacterial meningitis was defined as a sus-
pected meningitis case with cerebrospinal fluid (CSF)
examination showing at least one of the following: turbid
or cloudy appearance, leukocytosis (>100 cells/mm?) or
leukocytosis (10-100 cells/mm?®) AND either an elevated
protein (>100 mg/dl) or decreased glucose (<100 mg/
mm?). Confirmed meningitis was defined as suspected
case with a laboratory-confirmed bacterial pathogen in
CSF or blood in a child with a clinical syndrome consis-
tent with bacterial meningitis [13]. The laboratory diag-
nostic methods used to confirm bacterial meningitis at
the sentinel sites are quality-assured culture, latex agglu-
tination, Binax test for Spn, and Polymerase Chain Reac-
tion (PCR) testing with or without serotyping of isolates.
Serotyping is conducted to identify the circulating sero-
types of the causative bacterial agent in the population
for purposes of surveillance. In this study, we used labo-
ratory confirmed cases.

Surveillance for the 10-valent pneumococcal meningitis
vaccination coverage in Uganda

Aggregate PCV10 coverage data for children<1 year is
routinely reported by health facilities through DHIS2, the
electronic database for the Health Management Infor-
mation System (HMIS) in Uganda. The data is reported
in the monthly outpatient report form (HMIS 105), and
is disaggregated by dose as per the schedule. In DHIS2,
the health facilities are grouped under their respec-
tive sub-counties and districts [14]. To assess the cover-
age of pneumococcal conjugate vaccine (PCV10) in the
host districts, we included aggregate records of PCV10
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coverage for each of the three doses for all children<1
year, reported in DHIS2, 2014—-2022.

Study population

To describe the characteristics and clinical outcomes,
and trends of Spn meningitis among children<5, we
included all records for children aged 2—-59 months with
laboratory-confirmed bacterial meningitis, by culture,
Binax, latex agglutination or Polymerase Chain Reaction
(PCR), 2003-2022. Children<2 months were excluded
because the bacterial etiology of meningitis in that age
group is different from that of the older age group. Addi-
tionally, optimal vaccine induced immunity from PCV
requires at least 4 weeks after the dose to develop, yet the
first dose is given at 6 weeks of age [12]. We additionally
excluded children with mixed bacterial causes identified
in their CSE.

Study variables, data abstraction, and analysis

We abstracted data on demographic characteristics,
clinical signs and symptoms, laboratory test results, PCV
vaccination status and doses and disease outcomes from
individual electronic case investigation forms. We also
abstracted PCV-10 vaccination data for the sentinel sur-
veillance site host districts from District Health Informa-
tion Software Version2 (DHIS2) from 2014 to 2022, using
pivot tables. Additionally, we abstracted the population
census data for the host districts from the Uganda Bureau
of Statistics (UBOS) and the estimated proportion of sur-
viving infants (4.3%) to determine the denominator by
year for Gulu District, and Kawempe Division in Kam-
pala City [15]. Kawempe Division was considered to rep-
resent Kampala City because it’s the primary catchment
area for Mulago National Referral Hospital PBM senti-
nel surveillance site, and we assumed that almost all the
pediatric bacterial meningitis seek care at the site.

We analyzed the data using Microsoft Excel, Epi Info,
version 7.2.5.0 and Stata version 12. We categorized age
of cases into three meaningful categories (2-11, 12-23,
and 24-59 months) based on known differences in their
susceptibility to pneumococcal meningitis. We calculated
proportions and rates for categorical variables including
sex, vaccination status, and causative bacterial agent, age
group, presenting signs and symptoms and outcomes.
We computed case-fatality rate as the percentage of chil-
dren 2-59 months with pneumococcal meningitis that
died and disaggregated it by age group. Additionally, we
calculated the median age of the cases.

Since PBM sentinel surveillance system was not popu-
lation-based, we used laboratory confirmed pneumococ-
cal meningitis cases to estimate the minimum incidence
of pneumococcal meningitis in Gulu District and Kam-
pala City’s Kawempe Division. The estimated incidence
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of pneumococcal meningitis in Kawempe Division was
used as proxy for the incidence in Kampala City.

We divided the study period into 2003-2013 (pre-
PCV10) and 2014-2022 (post-PCV10). We conducted
interrupted time series analysis using autoregressive
integrated moving average (ARIMA) models with robust
standard errors, with a single interruption corresponding
to 2014 (the year of introduction of PCV10 into Ugan-
da’s immunization program) to assess the effect of rou-
tine PCV10 immunization. The study outcomes were the
annual incidence of pneumococcal meningitis and pro-
portion of pediatric bacterial meningitis attributable to
Streptococcus pneumoniae. We plotted a line graph of the
annual incidence of pneumococcal meningitis and pro-
portion of pediatric bacterial meningitis attributable to
Streptococcus pneumoniae to assess for stationarity and
seasonality. Additionally, we used the Durbin-Watson
test to identify autocorrelation in the observations for
both annual incidence of pneumococcal meningitis and
the proportion of pediatric bacterial meningitis attribut-
able to Spn. Since there was no autocorrelation between
the observed annual incidences of pneumococcal men-
ingitis (p-value=0.34), and proportions of pediatric bac-
terial meningitis attributable to Spn (p-value=0.46), we
did not apply any autocorrelation lag. Whereas the time
series for both the incidence and proportion of PBM
attributable to Spn displayed no clear seasonal patterns,
they were non-stationary. We applied a differencing lag
of 2 for incidence and a lag of 1 for the proportion of
PBM attributable to Spn time series to achieve stationar-
ity. Additionally, a moving average lag of 2 was applied
based on the estimated time lag required to realize for
the maximum effect of pneumococcal conjugate vac-
cines on pneumococcal disease epidemiology [1]. We
used the stepwise approach to estimate both the imme-
diate (level change) and long-term (slope change) effects
of PCV10 introduction on incidence of Spn meningitis
and proportion of PBM attributable to Spn. We used the
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Akaike information criteria (AIC) to select the best fit-
ting ARIMA models, and the final models were validated
as white noise by checking the model residuals for auto-
correlation using the Durbin-Watson test.

We also calculated the coverage for the third dose of
PCV10 (PCV10-dose 3) as the percentage of surviving
infants that had received all the three doses of PCV10; a
measure of full immunization against Spn. We used line
graphs to display trends of incidence of pneumococcal
meningitis and PCV10-dose 3 coverage over time.

Results
Characteristics of children aged 2-59 months with
confirmed pneumococcal meningitis at the pediatric
bacterial meningitis sentinel surveillance sites, Uganda,
2003-2022
We identified a total of 12,528 cases of bacterial men-
ingitis among children aged 2-59 months, admitted at
Mulago National Referral Hospital in Kampala City, and
St. Mary’s Hospital, Lacor in Gulu District, from 2003
to 2022. The majority of cases, n=12,152 (97%) had CSF
analysis done; 534 (4%) were laboratory confirmed cases,
852 (7%) were probable and 11,142 (89%) were suspected.
Among those confirmed, 331(62%) were cases of pneu-
mococcal meningitis but only 15(5%) had Spn serotype
results. Overall, the majority, #=281 (85%) of the pneu-
mococcal meningitis cases were admitted in the pre-
PCV10 period and this was consistent upon stratification
by host district, sex and age group. Most of the cases
n=227 (69%) were identified from Gulu District, and the
majority, n=189 (57%) were male. The median age was 14
months (IQR=6-28 months) and there was no signifi-
cant difference in the median age in the post-PCV10 and
pre-PCV10 eras as revealed by overlapping interquartile
ranges. Notably, most of the cases, n=183 (55%) were
aged 12—59 months (Table 1).

Clinical presentation and outcomes of children
aged 2-59 months with confirmed pneumococcal

Table 1 Characteristics of children aged 2-59 months with pneumococcal meningitis in the pediatric bacterial meningitis sentinel

surveillance host districts, Uganda, 2003-2022

Variable Total Cases (%) Pre-PCV10 Post-PCV10
Cases Percentage Cases Percentage

Sentinel surveillance site host district

Gulu District 227(69) 202 89 25 11

Kampala City 104(31) 79 76 25 24

Sex

Male 189(57) 154 81 35 19

Female 142(43) 127 89 15 1

Age (in months)

2-11 148(45) 124 84 24 16

12-23 83(25) 70 84 13 16

24-59 100(30) 87 13 13 13

Median age 14 (IQR=6-27 months)

14 (IQR =6-28 months) 12 (IQR=6-24 months)
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Fig. 1 Clinical presentation of children <5 years with confirmed pneumococcal meningitis, Gulu and Kampala City, Uganda, 2003-2022 (N=331)

Table 2 Interrupted time series analysis for effect of PCV10 on the incidence of pneumococcal meningitis among children <5 in PBM

sentinel surveillance host districts, Uganda, from 2003-2022

District Pre-PCV10 (2003-2013) Post-PCV10 (2014-2022)

Trend (slope change) Immediate (level change) Trend (slope change)

Estimated change (95%Cl) P-value  Estimated change (95%Cl) P-value  Estimated change (95%Cl) P-value
Kampala City ~ 0.11206 (-2.80445,3.02862) 0.94 -1.85145 (-1.92094,-1.782) <0.001 -0.99997(-1.00002,-0.99997) <0.001
Gulu District 0.99995 (0.99985,1.00006) <0.001 -0.19783 (-1.31913,0.92346) 0.729 -0.99992 (-1.00115,-0.99869) <0.001
Overall 1.0 (0.99999,1.00001) <0.001 0.00024(-0.00029,-0.00033) 0.881 -1.00006 (-1.00033,-0.99979) <0.001

meningitis attending sentinel surveillance hospitals,
Uganda, 2003-2022.

In addition to fever, majority (71%) of the cases pre-
sented with seizures, followed by inability to feed (35%),
and altered consciousness (32%). Bulging of the fontanel
(8%) was the least common meningeal symptom (Fig. 1).
Overall, among Spn meningitis cases with documented
outcomes at discharge (91%), the case fatality rate (CFR)
was 9% (26/302). The CFR was highest among children
aged

24-59 months (12%) followed by those aged
2-11months (9%); children aged 12-23 months had the
lowest (4%) case fatality rate. The average case-fatality
rate for each of these two age-groups was more than
twice as high compared to those aged 12—-23 months.

Effect of 10-valent pneumococcal conjugate vaccine
on trends in incidence of Spn meningitis among chil-
dren<5 in pediatric bacterial meningitis sentinel sur-
veillance host districts, Uganda, 2003—-2022.

Trend in incidence of pneumococcal meningitis before
introduction of the PCV'10 routine immunization program
(2003-2013)

Prior to the introduction of PCV10, the overall incidence
of pneumococcal meningitis among children<5 years in
the pediatric bacterial meningitis surveillance site host
districts increased; slope change=1.0 (95%CI=0.99999,
1.00001) (Table 2; Fig. 2A). Specifically, the increase in

incidence of pneumococcal meningitis was recorded in
Gulu District; slope change=0.99995 (95%CI=0.99985,
1.00006) from 2003 to 2013 (Table 2; Fig. 2C). This was
probably driven by pneumococcal meningitis outbreaks
in Gulu District during 2006—-2007, and 2016 reflected
by peaks in those years (Fig. 2A and C). In Kampala City,
there was no significant change in the incidence of pneu-
mococcal meningitis among children<5 years; slope
change=0.11206 (95%ClI=-2.80445, 3.02862), p=0.94
during the pre-PCV10 period (Table 2; Fig. 2-B).

Trend in the incidence of pneumococcal meningitis after
introduction of the PCV10 routine immunization program
(2014-2022)

Overall, the introduction of PCV10 into the routine
immunization program resulted in a sustained decline
in the incidence of pneumococcal meningitis in the sen-
tinel surveillance host districts; slope change= -1.00006
(95%CI=--1.00033,-0.99979), p<0.001. In Kampala City,
there was an immediate effect of PCV10 on the inci-
dence of pneumococcal meningitis, two years post-
introduction; level change=-1.85145 (95%CI =-1.92094,
-1.782), p<0.001 and a sustained decline in incidence
during 2016-2022; slope change=-0.99997(95%CI
=-1.00002,-0.99997), p<0.001 (Table 2; Fig. 2B). Similarly,
Gulu District recorded a sustained decline in incidence
post introduction of PCV10; slope change= -0.99992
(95%CI=-1.00115,-0.99869). However, unlike Kampala
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Fig. 2 Trends in Spn meningitis incidence and proportion of PBM due to Spn among children aged 2-59 months in the pediatric bacterial meningitis

sentinel surveillance host districts, 2003-2022

Table 3 Interrupted time series analysis for effect of PCV10 on the proportion of pediatric bacterial meningitis attributable to
Streptococcus pneumoniae among children < 5 in PBM sentinel surveillance host districts (combined), Uganda, from 2003-2022

Pre-PCV10 (2003-2013)

Post-PCV10 (2014-2022)

Trend (slope change) Immediate (level change) Trend (slope change)
Estimated change (95%Cl) P-value Estimated change P-value Estimated change (95%Cl) P-value
0.446 (-0.10296,0.99496) 0.111 -1.84611(-1.98365,-1.70856) <0.001 1.0 (0.99997,1.00003) <0.001

City, there was no immediate change in incidence post
introduction in Gulu District; level change= -0.19783
(95%CI=-1.31913, 0.92346), P=0.73. Overall, the inci-
dence of pneumococcal meningitis declined by 92% from
86 cases /1,000,000 in 2014 to 7/1,000,000 in 2022 (Fig. 2-
B). Specifically, in Kampala City, the incidence declined
by 100% from 93 cases/1,000,000 in 2014 to 0/1,000,000
in 2022 (Fig. 2-B). Similarly, Gulu District posted an 81%
reduction from 77 cases to 15/1,000,000 (Fig. 2-C).

Effect of PCV10 on trends in the proportion of confirmed
bacterial meningitis attributable to Spn, pediatric bacterial
meningitis sentinel surveillance host districts, Uganda,
2003-2022

In the pre-PCV10 period, there was no significant change
in the proportion of confirmed bacterial meningitis
attributable to Spn in the pediatric bacterial meningitis
sentinel surveillance host districts; slope change=0.446
(95%CI1=-0.10296, 0.99496), p=0.11. Post-PCV10, there
was an immediate decline in the proportion of PBM
attributable to Spn during 2015-2016, level change=-
1.84611(95%CI=-1.98365, -1.70856), p<0.001 before a
rebound increase during 2017-2022, slope change=1.0
(95%C1=0.99997, 1.00003), p<0.001 (Table 3; Fig. 2-D).
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Notably, all the confirmed cases of pediatric bacte-
rial meningitis in 2019, n=2, and 2021, n=2, were due
to streptococcus pneumoniae but the isolates were not
serotyped.

Trend in the coverage of pneumococcal conjugate vaccine
in pediatric bacterial meningitis sentinel surveillance host
districts, Uganda, 2014-2022

The coverage for the third dose of PCV10 in the host dis-
tricts in the year of PCV10 introduction (2014) was below
the 90% WHO target at 36%. Subsequently, an upward
trend coverage was recorded to a range of 70—-96% during
2015 to 2022 (p=0.046) (Fig. 2-A). Similarly in Kampala
City, PCV10-dose 3 coverage posted an upward trend but
remained below the WHO target with a range of 52-72%
(p=0.025) (Fig. 2-B). Whereas the PCV10-dose 3 cover-
age in Gulu District was largely above 90% from 2015 to
2022, it had no trend and was >100% for four of the eight
years post-introduction, suggesting data quality gaps pos-
sibly arising from a smaller than actual denominator due
to periodic refugee influx (Fig. 2-C).

Discussion

Our study reveals that pneumococcal meningitis is still
an important public health threat in Uganda; accounting
for 62% of pediatric bacterial meningitis in sentinel site
host districts from 2003 to 2022. The serotyping rate for
Streptococcus pneumoniae isolates was 5%, way less than
the WHO target of 90%. Apart from fever, most of the
Spn meningitis cases presented with seizures and average
case-fatality rate was 9%; highest among children aged
24-59 months.

Overall, the introduction of PCV10 into the routine
immunization program caused a downward trend in inci-
dence of pneumococcal meningitis in children<5 years
in the PBM sentinel surveillance host-districts, from
2003 to 2022. Whereas the incidence of pneumococcal
meningitis in the sentinel surveillance host districts gen-
erally increased Pre-PCV10, the districts recorded a sus-
tained downward trend in incidence within two years of
PCV10 introduction.

However, there was no effect of PCV10 routine immu-
nization on trend in the proportion of laboratory con-
firmed bacterial meningitis attributable to Spn despite
an immediate decline in the first two years post-PCV10.
Nevertheless, both host districts recorded very few cases
of pneumococcal meningitis overall from 2018 onwards.

The coverage for the third dose of PCV10 (PCV10-
dose 3) in Gulu District surpassed the 90% WHO target
after only two years of its introduction into the national
routine immunization program, and was sustained from
2016 to 2022. However, the PCV10-dose 3 coverage in
Kampala City was persistently below the WHO target
indicating poor utilization of the vaccine.
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The above findings suggest that PCV10 has been effec-
tive in reducing the incidence of pneumococcal men-
ingitis in Uganda, and are consistent with other studies
done in Kenya and other Sub-Saharan countries [6, 7, 16].
Whereas the majority of cases presented with seizures,
suggestive of severe disease at admission, the observed
case average case fatality rate was generally below what
has been reported in other studies done in Africa [5, 16].
This is likely attributed to improvements in bacterial
meningitis treatment services at PBM sentinel surveil-
lance hospitals.

The case fatality rate was higher for children aged
12-23 months compared to those aged 24—59 months.
The higher case-fatality rate among the younger children
is comparable with what other studies have found [4, 5].

Despite the overall reduction in the incidence of Spn
meningitis post-introduction of PCV10 into the rou-
tine immunization program in Uganda, the proportion
of laboratory-confirmed pediatric bacterial meningitis
due to of Spn has remained high and generally increased
after two years post-introduction. This raises questions
on the possibility of serotype replacement by non-PCV10
Spn serotypes in communities where children have been
vaccinated with the current PCV vaccine. Unfortunately,
Spn serotyping rates at the sentinel sites were grossly
suboptimal with only 5% of the isolates serotyped, way
below the WHO target of 90% [13].

Our findings on the PCV10-dose 3 coverage were con-
sistent with coverage estimates by the WHO and United
Nations Children’s Fund (UNICEF) during 2014-2022
[17]. The coverage for Gulu District was largely above the
WHO target of 90% and >100% during four of the eight
years under review. This suggests under targeting during
micro planning, resulting into a smaller denominator or
data quality gaps such as over-reporting [18].

Despite lower and suboptimal PCV10-dose 3 cover-
age in Kampala City during 2014 to 2022, the incidence
of Spn meningitis in the City also steadily declined. This
finding is not surprising because studies done in Kenya
and the US found that PCV coverage between 65 and 75%
is sufficient to induce significant herd immunity against
invasive pneumococcal diseases including Spn men-
ingitis [6, 19]. Additionally, unlike Kampala City, Gulu
District directly lies in the meningitis belt with a higher
prevalence of streptococcus pneumoniae. Furthermore,
the Northern Region where Gulu District lies frequently
receives refugees from South Sudan which also lies in
the meningitis belt. This could explain the observed dif-
ferences in incidence of pneumococcal meningitis across
the host sites.

We also noted that compared to 2016-2019, there was
lower PCV10-dose 3 coverage in the host districts during
2020-2022. This could be attributed to knock on effect
of the COVID-19 pandemic on routine immunization
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services across these districts. These findings are consis-
tent with what other studies have found on the disruptive
effect of the COVID-19 pandemic and its control mea-
sures such as lockdowns on the routine immunization
programs [20, 21].

Study limitations

Uganda’s pediatric bacterial meningitis sentinel surveil-
lance system is not population-based and thus we might
have underestimated the incidence of pneumococcal
meningitis in the host districts since not all patients may
have sought care at the sentinel hospitals. Addition-
ally, we included only laboratory confirmed cases in our
analysis which might have resulted in further underesti-
mation due to variations in confirmation rates. Neverthe-
less, we believe our results reflect trend in incidence of
Spn meningitis in the host districts given that most of the
patients in these areas seek care from the sentinel sites.
Additionally, we considered a long study period catering
for any potential variations in health seeking behaviors
and laboratory confirmation rates.

We were unable to determine the trend of vaccine type
Spn meningitis since only 5% of the isolates from con-
firmed cases were serotyped and several years had no sin-
gle isolate serotyped. Notwithstanding the absence of Spn
serotype data, we demonstrated that the overall incidence
of Spn meningitis due to any serotype declined since the
introduction of PCV into the routine immunization.

Conclusion

The introduction of the 10-valent pneumococcal con-
jugate vaccine into Uganda’s routine immunization
program significantly reduced the incidence of pneu-
mococcal meningitis in Kampala City and Gulu District.
There was no effect on the proportion of bacterial menin-
gitis attributable to streptococcus pneumoniae. The cov-
erage for the third dose of PCV10 in Kampala City was
persistently suboptimal (<90%), while Gulu District had
poor immunization data quality.

Recommendations

Ministry of Health working with Kampala Capital City
Authority should strengthen the routine immunization
program in Kampala City and consider further investiga-
tions to ascertain factors associated with the persistent
suboptimal PCV10 coverage in the City. The findings
would guide targeted interventions aimed at improving
not only routine PCV10 immunization coverage but also
coverage for other vaccines.

Ministry of Health and partners should consider fur-
ther support to the pediatric bacterial meningitis sen-
tinel surveillance hospitals to increase the rate of Spn
isolate serotyping to meet the WHO target of 90% and
enable ascertainment of the trend of Spn meningitis due
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to PCV10 and non-PCV10 serotypes. This would help
explain the serotypes responsible for the persistently
high proportion of bacterial meningitis attributable
to Spn despite the declining trend and inform further
interventions.

We also recommend that the ministry considers con-
ducting a nation-wide nasopharyngeal carriage survey
for Streptococcus pneumoniae to assess the effectiveness
of PCV in reducing pneumococcal carriage, the distribu-
tion of the different serotypes and rule out replacement
by non-PCV10 serotypes in the population. This is nec-
essary since some regions including eastern and west-
ern Uganda have no active pediatric bacterial meningitis
surveillance. Together with enhanced serotyping rates at
sentinel sites, the findings would guide decision-making
processes on the introduction of new PCV vaccine for-
mulations or schedules.

Ministry of Health and Gulu District local government
should consider conducting immunization data quality
assessment for Gulu District to ascertain the reasons for
the reported coverage in excess of 100%. The assessment
should focus on whether the district and health facilities
are using the correct denominator during micro-plan-
ning, and over reporting. This is important in ensuring
that the observed district performance does not mask
poor coverage at lower community level.

Further investigations to understand the predictors
of mortality among children<5 years with pneumococ-
cal meningitis may help inform the Ministry of Health
on appropriate interventions to improve treatment
outcomes.
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