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Use of 10-valent pneumococcal conjugate vaccine in
Kenya has led to substantial reductions in vaccine-type
pneumococcal carriage and invasive pneumococcal dis-
ease. However, analysis of recent surveillance data indi-
cates an outbreak of vaccine-type serotype 1 in 2023 in
Kibera, Kenya. Continued monitoring of invasive pneu-
mococcal disease in Kenya is warranted.

treptococcus pneumoniae (pneumococcus) is a lead-

ing cause of pneumonia, sepsis, and meningitis
and is most prevalent in resource-poor settings (1).
Pneumococcal serotype 1 (ST1) is an important cause
of disease, particularly in sub-Saharan Africa; it is
highly invasive and infrequently detected in carriage
(2). Pneumococcal conjugate vaccines (PCVs) protect
against vaccine-type disease and carriage among vac-
cinated persons (direct effects), leading to decreased
transmission of vaccine serotypes and reduced dis-
ease among unvaccinated persons (indirect effects)
(3). All currently available PCVs protect against ST1.

In 2011, Kenya introduced 10-valent PCV (Syn-
florix; GlaxoSmithKline, https://www.gsk.com)
(PCV10-GSK), which is administered in 3 doses, at
6, 10, and 14 weeks of age. Vaccine-type invasive
pneumococcal disease (IPD) subsequently declined
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by =70%-90%, and vaccine-type carriage declined by
~50%-60% (3). In 2022, Kenya switched to a newer
10-valent PCV (Pneumosil; Serum Institute of India,
https:/ /www .seruminstitute.com) (PCV10-SII).

The Study

The Population-Based Infectious Disease Surveillance
(PBIDS) platform is implemented in defined catch-
ment populations in Kibera, an urban informal settle-
ment in Nairobi County, and Asembo, a rural area in
Siaya County (4); the Kibera site includes ~25,000 per-
sons in an area 1 km? Through household visits, we
collected data on demographics, healthcare use, and
vaccination. In both sites, PCV coverage among chil-
dren <5 years of age has been stably >90%. At central-
ly located surveillance health facilities (an outpatient
clinic in Kibera and an outpatient clinic with small in-
patient ward in Asembo), PBIDS participants off all-
ages meeting standardized criteria for acute febrile
illness or severe acute respiratory illnesses (SARI) un-
dergo blood culture; SARI case-patients additionally
have a nasopharyngeal swab collected for culture to
monitor pneumococcal carriage. The PBIDS protocol
was approved by the Kenya Medical Research Insti-
tute and the US Centers for Disease Control and Pre-
vention. We obtained written informed consent from
participants before sample collection.

We used standard culture procedures to iden-
tify pneumococcus. We performed serotyping by
real-time PCR, Quellung reaction, or both. At the US
Centers for Disease Control and Prevention, we con-
ducted antibiotic susceptibility testing (AST) through
broth microdilution (5) for ST1 IPD and carriage iso-
lates from 2023 and short-read whole-genome Illu-
mina sequencing (6). We identified single-nucleotide
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Figure 1. Serotype distribution
among invasive pneumococcal
disease cases, Kibera Urban
Informal Settlement, Nairobi,
Kenya, January 1, 2018—
August 20, 2024. Other PCV10
serotypes are those common
to Synflorix 10-valent PCV
(GlaxoSmithKline, https://
www.gsk.com) and Pneumosil
10-valent PCV (Serum
Institute of India, https://www.
seruminstitute.com) (5, 6B, 7F,
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polymorphisms (SNPs) for core genomes by using
kSNP3.0 with k-Mer size of 19 (7) and generated pair-
wise comparisons by using MEGA version 7 (6,8).

We calculated crude incidence rates and 95% Cls
by dividing the number of ST1 bacteremia cases by
person-years of observation (PYO). We adjusted in-
cidence rates to account for missed blood samples
and healthcare seeking (i.e., cases of medically at-
tended acute febrile illness or SARI reported during
household visits for which care was sought at a non-
surveillance facility). We calculated 95% ClIs for ad-
justed incidence rate estimates by using Monte Car-
lo simulations (0.025 and 0.975 quantiles of 10,000
simulations), sampling from Poisson distribution
for crude incidence, and binomial distribution for
adjustment factors (9).

We expressed overall and serotype-specific
pneumococcal carriage among SARI cases as a per-
centage, excluding those with limited growth of any
organisms, which we deemed poor-quality speci-
mens. We examined ST1 IPD and carriage occurring
during January 1, 2018-August 20, 2024. For ST1
isolates from 2023 in Kibera, we described sequence
types and AST.

150+

[EnN

o

o
1

Carriage isolates
(5]
o
1

Among 4,913 blood samples collected in Kibera,
149 (3.0%) had bacteria isolated, of which 30 (20.1%)
were S. pneumoniae. ST1 isolates accounted for 18/30
(60.1%) isolates; 8/18 (44.4%) ST1 isolates were col-
lected in 2023 (Figure 1; Appendix, https://wwwnc.
cdc.gov/EID/article/31/2/24-1652-Appl.pdf). The
crude ST1 IPD incidence rate during 2018-2022 was
8.7 cases /100,000 PYO (95% CI 4.7-16.2 cases/ 100,000
PYO) versus 35.5 cases/100,000 PYO (95% CI 17.7-
71.0 cases/100,000 PYO) in 2023 (Appendix). The
adjusted ST1 IPD incidence rate during 2018-2022
was 17.9 cases/100,000 PYO (95% CI 7.3-30.1 cas-
es/100,000 PYO) versus 66.8 cases/100,000 PYO (95%
CI 24.8-118.7 cases/ 100,000 PYO) in 2023 (Appendix).
All ST1 IPD case-patients in 2023 were children 2-10
years of age (median 4.5 years of age), and all of them
were age-eligible for PCV10-GSK; 5/8 (62.5%) were
fully immunized (Table 1). No hospitalizations or fa-
talities occurred among ST1 case-patients.

Among serotyped carriage isolates from SARI
cases during 2018-2022, 1.5% (7/464) were ST1, and
frequency by year ranged from 0 to 3.1% (Table 2; Fig-
ure 2). In 2023, 17.9% (10/56) of serotyped carriage
isolates from SARI cases in Kibera were ST1.
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Invasive Pneumococcal Disease, Nairobi, Kenya

Table 1. Characteristics of IPD cases, Kibera Urban Informal Settlement, Nairobi, Kenya, January 1, 2018—August 20, 2024*

Serotype and surveillance period

Characteristic ST1, 2023 ST1, 2018-2022 Non-ST1, 2018-2024
No. cases 8 10 12
Median age of patient, y (range) 4.5 (2.5-9.7) 12 (0.79-36.6) 10.6 (0.44-45.5)
Sex of patient
M 6 (75.0) 5 (50.0) 8 (66.7)
F 2 (25.0) 5 (50.0) 4 (33.3)
Age eligibility for PCV
Age-eligible for PCV10-GSK 8 (100) 5(50.0) 7 (58.3)
Age-eligible for PCV10-SlI 0 0 2 (16.7)
Not age-eligible for PCV 0 5 (50.0) 3 (25.0)
Vaccination status known 8 (100) 2 (40.0) 7(77.8)
0 PCV doses 1(12.5) 0 3(42.9)
1 PCV dose 1(12.5) 1(50.0) 0
2 PCV doses 1(12.5) 0 1(14.2)
3 PCV doses 5 (62.5) 1 (50.0) 3(42.9)
Month of detection
January 0 1(10.0) 0
February 0 3(30.0) 2 (16.7)
March 2 (25.0) 2 (20.0) 0
April 3(37.5) 1(10.0) 2 (16.7)
May 0 0 2 (16.7)
June 1(12.5) 1(10.0) 1(8.3)
July 0 0 0
August 0 0 2 (16.7)
September 0 1(10.0) 0
October 1(12.5) 1(10.0) 0
November 1(12.5) 0 1(8.3)
December 0 0 2 (16.7)
Disposition
Discharged home from clinic 8 (100) 10 (100) 12 (100)
Alive at 1 month after IPDt 8 (100) 10 (100) 12 (100)

*Values are no. (%) except as indicated. IPD, invasive pneumococcal disease; PCV, pneumococcal conjugate vaccine; PCV10-GSK, Synflorix 10-valent
PCV (GlaxoSmithKline, https://www.gsk.com); PCV10-SIl, Pneumosil 10-valent PCV (Serum Institute of India, https://www.seruminstitute.com); ST1,

serotype 1.

tVital status at 1 month after date of blood culture was verified from household demographic data.

As of August 20, 2024, we had detected no ST1
IPD cases in 2024, and only 1.3% (1/74) of sero-
typed carriage isolates were ST1 (Tables 1, 2; Fig-
ures 1, 2). We observed no clear increase of ST1 in
carriage or IPD in Asembo during the study period
(data not shown).

We performed sequencing and AST for 13
ST1 isolates from 2023 (5 IPD and 8 carriage); 9
(69.2%) were sequence type 217, and 4 (30.8%)

were sequence type 6056. Genomic analysis dem-
onstrated a 4-15 SNP difference among sequence
type 217 isolates and a 6-8 SNP difference among
sequence type 6056 isolates, indicating close ge-
nomic relatedness. All isolates tested were suscep-
tible to amoxicillin, cefuroxime, and erythromycin;
had intermediate susceptibility to penicillin (non-
meningitis oral breakpoint); and were resistant to
cotrimoxazole.

Table 2. Enroliment of SARI cases, pneumococcal carriage testing, and serotyping, Kibera Urban Informal Settlement, Nairobi, Kenya,

January 1, 2018—August 20, 2024*

SARI  NPs collected Poor Pneumococcus Other PCV10 Non-PCV10  Serotype
Year cases and tested growtht isolated} Serotyped ST1 types§ types pending
2018 264 233 (88.3) 4(1.7) 161/229 (70.3) 161 (100) 2(1.2) 43 (26.7) 115 (71.4) 0
2019 318 312 (98.1) 0 174/312 (55.8) 174 (100) 4 (2.3) 33 (19.0) 137 (78.7) 0
2020 78 73 (93.6) 1(1.4) 32/72 (44.4) 32 (100) 1(3.1) 1(3.1) 25 (78.1) 0
2021 133 110 (82.7) 11 (10.0)  40/99 (40.4) 39 (97.5) 0 7 (18.0) 31(79.5) 1(2.5)
2022 113 106 (93.8) 4 (3.8) 59/102 (57.8) 58 (98.3) 0 18 (31.0) 36 (62.1) 1(1.7)
2023 125 120 (96.0) 11(9.2) 58/109 (53.2) 56 (96.6) 10 (17.9) 13 (23.2) 21 (37.5) 2(3.4)
2024 222 190 (85.6) 14 (7.4)  78/176 (44.3) 74 (94.9) 1(1.4) 9(12.2) 60 (81.1) 4(5.1)

*Values are no. (row %) except as indicated. NP, nasopharyngeal swab sample; PCV10, 10-valent pneumococcal conjugate vaccine; PCV10-GSK,
Synflorix 10-valent PCV (GlaxoSmithKline, https://www.gsk.com); PCV10-SII, (Pneumosil 10-valent PCV (Serum Institute of India,
https://www.seruminstitute.com); SARI, severe acute respiratory illness; ST1, serotype 1.

tPoor growth defined as <10 colonies of any bacteria.
FExcludes samples with poor growth.

§Includes serotypes common to PCV10-GSK and PCV10-SlI (5, 6B, 7F, 9V, 15, 19F, and 23F), PCV10-GSK unique (4 and18C), and PCV10-SII unique

(6A and 19A).
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Conclusions

Although PCV10-GSK in the Kenya routine infant
immunization program has led to substantial reduc-
tions in vaccine-type pneumococcal carriage and
disease, the surveillance data indicate an outbreak
of vaccine-type ST1 in 2023 in Kibera. The IPD case
counts from the surveillance area are small, which
limits statistical power. However, the ~4-fold in-
crease in crude and adjusted ST1 IPD incidence rates
in 2023 compared with the preceding 5 years, the
>10-fold increase in ST1 carriage prevalence (reflect-
ing increased transmission in the community), and
the close genetic relatedness of sequenced ST1 iso-
lates from 2023 are consistent with an outbreak. Fur-
thermore, the predominant sequence type detected
has been associated with pneumococcal meningitis
outbreaks in Malawi (2) and Ghana (10). Pneumo-
coccal disease outbreaks often occur in crowded,
closed environments (11); Kibera is densely populat-
ed, and the data highlight the risk for IPD outbreaks
in urban informal settlements.

ST1 is an important cause of pneumococcal dis-
ease outbreaks in sub-Saharan Africa (2). Although
PCV implementation has reduced ST1 disease glob-
ally (12), several countries, particularly in the menin-
gitis belt have experienced ST1 IPD outbreaks even in
the context of mature PCV programs with high cover-
age (2). The World Health Organization recommends
3-dose PCV schedules: either 3 primary doses and
no booster or 2 primary doses and 1 booster. Booster
doses can extend the duration of protection among
vaccinated persons. The longer period of direct pro-
tection against vaccine serotypes might result in less
circulation and more robust indirect protection, par-
ticularly against ST1, which frequently affects age
groups beyond infancy (13,14). Kenya uses 3 primary
doses and no booster schedule; however, if ST1 con-
tinues to pose a threat despite high PCV coverage,
consideration of switching to 2 primary doses and 1
booster might be merited (14,15). Our data also high-
light the importance of optimizing PCV coverage,
given that =40% of the ST1 case-patients in 2023 had
not completed PCV vaccination.

Of note, although this outbreak was detected af-
ter Kenya switched PCV product from PCV10-GSK
to PCV10-SI], all children with ST1 IPD in 2023 were
born before 2022 and therefore eligible for PCV10-
GSK. Thus, despite the temporal association, the ob-
served increase in ST1 cases in Kibera in 2023 should
not be considered a reflection of PCV10-SII perfor-
mance in Kenya.

All ST1 IPD patients were managed as outpa-
tients, and none died. All ST1 isolates with available
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AST data were susceptible to first-line treatment
for nonsevere pneumonia in Kenya (https://www.
researchgate.net/figure/Kenyan-Ministry-of-Health-
MoH-guidelines-for-management-of-children-aged-
2-59-months_tbl1l_264744317).

Preliminary data from 2024 suggest that the ST1
outbreak in Kenya might have resolved. However,
continued monitoring of IPD in Kibera and other
parts of the country is warranted.
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etymologia revisited

The Color Puce

For those with synesthesia, in whom stimulating 1 sensory pathway
gives rise to a subjective sensation of a different character, the word
plague may chromatically resonate with puce. In pre-revolutionary
France, an era of “evocative color nomenclature,” Marie Antoinette’s
reign was precipitating intense criticism. Her countrymen were expe-
riencing severe socioeconomic stress, thus her sartorial self-indulgence
was much resented.

After discovering the Queen wearing a new gown, her husband,
Louis XVI, the King of France, chided her, describing the dress’s unflat-
tering purple-brown hue as “couleur de puce” (color of fleas). This ad-
monishment had the unintended consequence of promoting puce as the
exclusive color worn by the French court. Puce, the French word for flea,
descends from pulex (Latin). Flea droppings leave puce colored “blood-
stains” on bedsheets. The role of fleas, however, as a vector for bubonic
plague was not proven until about 1895.
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