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Background. In October 2013, Burkina Faso introduced 13-valent pneumococcal conjugate vaccine (PCV13) into the routine 
childhood immunization program using 3 primary doses with no booster. Previous pneumococcal carriage studies showed 
reductions in vaccine-type (VT) carriage in children aged <5 years but not in older age groups.

Methods. We conducted a cross-sectional, age-stratified pneumococcal carriage study among healthy persons aged ≥1 month in 
Bobo-Dioulasso in March 2020. Pneumococci isolated by culture from nasopharyngeal swabs (all participants) and oropharyngeal 
swabs (participants aged ≥5 years) were serotyped by polymerase chain reaction; a subset was serotyped by Quellung. Using data 
from a study with the same design from March 2017, we examined changes in pneumococcal carriage by age group.

Results. Among 1005 (2017) and 1002 (2020) enrolled participants, VT carriage decreased (21.6% to 15.9%; adjusted prevalence 
ratio [aPR], 0.76 [95% confidence interval {CI}, .63–.92]). By age group, decline in VT carriage was significant among children aged 
5–14 years (28.9% to 16.3%; aPR, 0.57 [95% CI, .39–.84]) but not among children aged <5 years (22.4% to 19.1%; aPR, 0.87 [95% CI, 
.70–1.09]) or adults aged ≥15 years (12.0% to 5.5%; aPR, 0.52 [95% CI, .26–1.05]).

Conclusions. Between 3 and 6 years after PCV13 introduction, significant declines in VT carriage were observed in older 
children, possibly reflecting indirect effects of PCV13 use. VT carriage in children aged <5 years remained stable with almost 
1 in 5 carrying VT pneumococci, suggesting limitations to a PCV schedule without a booster dose.
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Streptococcus pneumoniae (pneumococcus) is the most com
mon bacterial cause of deaths among children aged <5 years 
globally [1]. In 2015, there were an estimated 9.2 million pneu
mococcal infections and 318 000 pneumococcus-related deaths 
among children aged <5 years worldwide; approximately half 
of the pneumococcus-related deaths occurred in Africa [2].

Widespread use of pneumococcal conjugate vaccines (PCVs) 
has led to decreased incidence in pneumococcal disease 
and declines in vaccine-type (VT) carriage among vaccinated 
children, resulting in decreased transmission of VTs from vac
cinated children to unvaccinated children and adults (ie, herd 
protection) [2–6]. The World Health Organization (WHO) 

recommends the inclusion of PCVs in routine childhood im
munization programs using a 3-dose schedule, administered 
as 3 primary doses without a booster (3 + 0) or 2 primary doses 
with a booster (2 + 1) depending on programmatic consider
ations of the country. The 2 + 1 schedule has potential benefits 
over the 3 + 0 schedule due to the booster dose inducing higher 
antibody levels in the second year of life, which may provide 
greater herd effects due to a longer duration of protection 
against carriage acquisition among vaccinated children [7].

Burkina Faso is a low-income country in sub-Saharan West 
Africa located entirely in the African meningitis belt and expe
riences hyperendemic rates of bacterial meningitis [8]. 
Following the introduction of Haemophilus influenzae serotype 
b vaccine in 2006 and meningococcal A (MenA) conjugate vac
cine in 2010, S pneumoniae became the predominant cause of 
bacterial meningitis among all ages [8, 9]. Burkina Faso intro
duced 13-valent PCV (PCV13) into the childhood routine im
munization program in October 2013 using a 3 + 0 schedule 
with doses administered at 2, 3, and 4 months of age with no 
catch-up campaigns. The WHO/United Nations Children’s 
Fund national coverage estimate of the third dose of PCV13 
has been >90% for most years following introduction [10].
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Pre- (2008) and post-PCV13 introduction (2015, 2017) 
pneumococcal carriage studies conducted in Bobo-Dioulasso, 
Burkina Faso showed reductions in VTs among pneumococcal 
carriers aged <5 years, but not among participants ≥5 years 
[11]. Approximately 3 years post-PCV13 introduction (2017 
study), VT carriage remained high among children aged <5 
years (22%), older children aged 5–14 years (29%), and 
adults aged ≥15 years (12%) [11] compared to middle- and 
high-income countries using PCVs (children <5 years: 
1.4%–11.2%; adults: 0.0%–9.0%) [12–15]. Nationwide bacterial 
meningitis surveillance showed declines in VT pneumococcal 
meningitis 4 years after vaccine introduction; however, sero
type 1, included in PCV13, remained the predominant serotype 
causing pneumococcal meningitis among all ages [9]. In June 
2021, Burkina Faso changed the PCV13 schedule to 2 + 1 
with 2 primary doses administered at 2 and 4 months of age 
with a booster given at 9 months of age to improve protection 
against remaining vaccine-preventable pneumococcal disease.

We conducted a cross-sectional community pneumococcal 
carriage study among persons aged ≥1 month approximately 
6 years post-PCV13 introduction to establish a baseline before 
the PCV13 schedule change and to examine changes in overall 
and VT pneumococcal carriage from the aforementioned 2017 
study to 2020.

METHODS

Study Design and Participants

In March 2020, we conducted a cross-sectional, age-stratified 
community pneumococcal carriage study in Bobo-Dioulasso, 
a city located in Western Burkina Faso. We used the same re
cruiting methods as previous pneumococcal carriage studies 
conducted in Bobo-Dioulasso pre- and post-PCV13 introduc
tion (2008, 2015, 2017) [11, 16] and compared with data 
from the 2017 survey. Target sample size for each study 
(2017 and 2020) was 1000 persons aged ≥1 month with 200 
participants each in 5 age groups: 1–11 months, 1 year, 2–4 
years, 5–14 years, and ≥15 years.

We randomly selected 10 sectors among 21 eligible sectors 
(military and industrial sectors excluded) with 2 back-up sec
tors; in each sector, 20 crossroads were randomly selected 
with 10 back-up crossroads. At each crossroad, a street was ran
domly selected, and households were visited starting with the 
first on the left. The aim was to recruit 1 person in each age 
group at each crossroad to reach the target sample size. If there 
was >1 person in the same age group living in the same house
hold, 1 was randomly selected. People living in the same house
hold, but of separate age groups, were eligible for inclusion. The 
inclusion criteria for participants were resident of 
Bobo-Dioulasso, aged ≥1 month, and informed consent of an 
adult participant or of the parent/guardian of a child aged 
<18 years. The exclusion criteria were residence outside of 

Bobo-Dioulasso, severe malnutrition, or severe underlying 
disease.

Data and Specimen Collection

Data collection methods have been previously described [11]. 
In brief, surveyors collected information on household charac
teristics and demographics from all consenting participants. 
Vaccination history was collected from children aged <5 years 
in 2017 and <7 years in 2020 using vaccination cards. The study 
team reviewed immunization registers in local health posts to 
collect vaccine histories for children without vaccination cards 
during enrollment. Enrolled participants were given appoint
ment cards to visit a district hospital for clinical specimen 
collection.

At the district hospital, informed consent for clinical speci
men collection was obtained and a second questionnaire was 
administered that included questions on the health history of 
participants. Trained nurses collected nasopharyngeal swabs 
from all participants and oropharyngeal swabs from partici
pants aged ≥5 years [17]. Swabs were immediately placed 
into cryotubes containing 1 mL skim milk, tryptone, glucose, 
and glycerol (STGG) transport medium and placed in coolers 
with ice packs. Specimens were transported to Centre Muraz, 
a national reference laboratory in Bobo-Dioulasso, within 
4–6 hours.

Laboratory Methods

When specimens arrived at Centre Muraz, inoculated STGG was 
vortexed for 10–20 seconds before being stored in a −80°C 
freezer. For nasopharyngeal and oropharyngeal swab analysis, 
200 µL of swab-inoculated STGG media was transferred to 
5.0 mL Todd Hewitt broth containing 0.5% yeast extract (THY) 
and 1 mL of rabbit serum and incubated at 35°C–37°C for 6 hours. 
Cultured broth was plated on sheep blood agar and incubated in 
5% carbon dioxide at 35°C–37°C. After 18–24 hours of incuba
tion, plates were examined for the appearance of α-hemolytic col
onies resembling streptococci. Pneumococci were identified by 
susceptibility to optochin and bile solubility test. S pneumoniae 
isolates were inoculated in a preservation medium STGG and 
stored at −80°C.

Pneumococcal serotypes were determined using published 
sequential multiplex polymerase chain reaction (PCR) assay 
[18]. Quality control of the bacterial identification results ob
tained by Centre Muraz was performed at the Centers for 
Disease Control and Prevention (CDC) Streptococcus 
Laboratory in Atlanta, Georgia, for 20% of negative samples 
in 2017 and all negative samples in 2020. Pneumococcal isolates 
determined to be nontypeable (NT) or for which the serotype 
was unresolved by multiplex PCR were tested by Quellung re
action at CDC. Additionally, 20% of serotyped isolates were 
sent to CDC for quality control of the results obtained by 
Centre Muraz.

2 • OFID • Childs et al

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/11/6/ofae303/7685721 by guest on 28 M

ay 2025



Data Analysis
Definitions. PCV13 serotypes were considered VTs: 1, 3, 4, 5, 
6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F. All other serotypes 
were considered nonvaccine types (NVTs), excluding 
nontypeables.
PCV13 doses were considered valid if children were aged ≥2 
months for dose 1, each dose was given ≥21 days apart, and 
≥14 days occurred between a dose and clinical specimen 
collection.

Data analyses. We conducted descriptive analyses of partici
pants by study year and age group. We used χ2 tests and 
Fisher exact tests to compare proportions. Changes in the over
all, VT, and NVT carriage prevalence were examined between 

2017 and 2020 among all participants and by age group. The 
carriage prevalence of individual serotypes in 2017 was com
pared to prevalence in 2020 for all age groups and all children 
aged <5 years combined; individuals carrying >1 serotype were 
counted in the numerator for each serotype. Crude prevalence 
ratios (PRs) were calculated using standard methods with 2017 
serving as the reference period. We reviewed literature to iden
tify potential confounders associated with pneumococcal car
riage (inside cooking location, presence of other children 
aged <5 years in the household, antibiotic use in the past 
2 weeks, and illness in the past 2 weeks) for a priori inclusion 
in the adjusted model [11, 19–22]. We also looked at partici
pant characteristics that changed from 2017 and 2020 
(Table 1) and whether there were any significant differences 

Table 1. Demographic and Epidemiological Characteristics of Enrolled Participants by Study Year—Bobo-Dioulasso, Burkina Faso, 2017 and 2020

Characteristic

2017 (N = 1005) 2020 (N = 1002)

P ValueaNo. (%) No. (%)

Age, y

<1 201 (20.0) 200 (20.0) .999

1 199 (19.8) 200 (20.0)

2–4 204 (20.3) 201 (20.1)

5–14 201 (20.0) 202 (20.2)

≥15 200 (19.9) 199 (19.9)

Female sex 559 (55.6) 548 (54.7) .675

Presence of other children <5 y of age in the household  
(other than the participant)b

943 (93.9) 889 (88.7) <.0001

Household sizeb

1–3 149 (14.8) 141 (14.1) <.0001

4–6 423 (42.1) 519 (51.8)

>6 432 (43.0) 342 (34.1)

≥4 persons sharing a roomc 151 (15.1) 133 (13.3) .249

Children in household attending daycare or schoolc 763 (76.1) 777 (77.5) .458

Cigarette smoker in householdc 208 (20.8) 152 (15.2) .001

Fuel sourced

Gas 312 (31.0) 115 (11.5)

Coal 835 (83.1) 709 (70.8)

Wood 488 (48.6) 178 (17.8)

Cooking location

Inside 304 (30.2) 455 (45.4) <.0001

Under hangar 141 (14.0) 141 (14.1) .978

Outside 757 (75.3) 662 (66.1) <.0001

Household possessions

Radio 753 (74.9) 717 (71.6) .088

Television 830 (82.6) 885 (88.3) .0003

Phone 983 (97.8) 996 (99.4) .002

Motorbike 810 (80.6) 863 (86.1) .0009

Illness in the past 2 wk

Cold/runny nose 474 (47.2) 531 (53.0) .009

Cough 376 (37.4) 297 (29.6) .0002

Fever 208 (20.7) 143 (14.3) .0002

Antibiotic use in the past 2 wk 114 (11.3) 129 (12.9) .293
aχ2 tests were used to compare 2017 versus 2020 categorical responses.  
bOne response missing from 2017 study (N = 1004).  
cThree responses missing from 2017 study (N = 1002).  
dMultiple responses possible in 2017 study while 1 response only possible in 2020 study. P value not calculated due to differences in the question format.
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in pneumococcal carriage prevalence by those characteristics 
(Supplementary Table 1) to inform our model selection. 
Adjusted prevalence ratios (aPRs) were modeled using log- 
binomial regression. Poisson regression using robust error var
iance was used if log-binomial models failed to converge [23, 
24]. Data analyses were performed using SAS software (version 
9.4). P values <.05 were considered statistically significant.

Patient Consent Statement

Prior to enrollment at the household, the study objectives were 
explained to participants in French or the local language, and 
written consent was obtained from all participants. At the dis
trict hospital, informed consent was obtained prior to the col
lection of clinical specimens. The study documents were 
approved by the Burkina Faso ethical committee. This activity 
was reviewed by CDC, deemed not research, and was conduct
ed consistent with applicable federal law and CDC policy (see, 

eg, 45 Code of Federal Regulations [C.F.R.] part 46.102(I)(2), 
21 C.F.R. part 56: 42 United States Code [U.S.C.] §241(d); 
5 U.S.C. §552a; 44 U.S.C. §3501 et seq). Data collection for 
the study conducted in March 2020 was completed prior to 
the implementation of coronavirus disease 2019 risk mitiga
tions in Burkina Faso.

RESULTS

Household and Participant Characteristics

We enrolled a total of 2007 participants (2017: n = 1005; 2020: 
n = 1002) in the 2 studies (Table 1). Compared to 2017, there 
were fewer households in 2020 with presence of other children 
aged <5 years (88.7% vs 93.9%; P < .0001), >6 household mem
bers (34.1% vs 43.0%; P < .0001), and a cigarette smoker (15.2% 
vs 20.8%; P = .001). More households in 2020 cooked inside 
(45.4% vs 30.2%; P < .0001) and had a television (88.3% vs 
82.6%; P = .0003), phone (99.4% vs 97.8%; P = .002), or 

Table 2. Pneumococcal Carriage Prevalence and Prevalence Ratios by Age Group—Bobo-Dioulasso, Burkina Faso, 2017 and 2020

Characteristic

2017 Carriage Prevalence 2020 Carriage Prevalence
Crude PRa Adjusted PRb

no./No. % (95% CI) no./No. % (95% CI) (95% CI) (95% CI)

Overall pneumococcal carriage

<1 y 129/201 64.2 (57.5–70.8) 139/200 69.5 (63.1–75.9) 1.08 (.94–1.24) 1.08 (.94–1.23)

1 y 146/199 73.4 (67.2–79.5) 151/200 75.5 (69.5–81.5) 1.03 (.92–1.15) 1.05 (.94–1.18)

2–4 y 129/204 63.2 (56.6–69.9) 147/201 73.1 (67.0–79.3) 1.16 (1.01–1.32) 1.15 (1.00–1.31)

5–14 y 131/201 65.2 (58.6–71.8) 107/202 53.0 (46.1–59.9) 0.81 (.69–.96) 0.83 (.70–.98)

≥15 y 74/200 37.0 (30.3–43.7) 50/199 25.1 (19.1–31.2) 0.68 (.50–.92) 0.75 (.56–1.02)

All ages 609/1005 60.6 (57.6–63.6) 594/1002 59.3 (56.2–62.3) 0.98 (.91–1.05) 1.02 (.95–1.09)

VT carriagec among all participants

<1 y 48/201 23.9 (18.0–29.8) 38/200 19.0 (13.6–24.4) 0.80 (.55–1.16) 0.80 (.55–1.16)

1 y 41/199 20.6 (15.0–26.2) 39/200 19.5 (14.0–25.0) 0.95 (.64–1.40) 1.02 (.69–1.52)

2–4 y 46/204 22.5 (16.8–28.3) 38/201 18.9 (13.5–24.3) 0.84 (.57–1.23) 0.85 (.57–1.25)

5–14 y 58/201 28.9 (22.6–35.1) 33/202 16.3 (11.2–21.4) 0.57 (.39–.83) 0.57 (.39–.84)

≥15 y 24/200 12.0 (7.5–16.5) 11/199 5.5 (2.3–8.7) 0.46 (.23–.91) 0.52 (.26–1.05)

All ages 217/1005 21.6 (19.0–24.1) 159/1002 15.9 (13.6–18.1) 0.73 (.61–.88) 0.76 (.63–.92)

VT carriage among pneumococcal carriersc

<1 y 48/129 37.2 (28.8–45.6) 38/139 27.3 (19.9–34.8) 0.73 (.52–1.04) 0.70 (.49–.98)

1 y 41/146 28.1 (20.8–35.4) 39/151 25.8 (18.8–32.8) 0.92 (.63–1.34) 0.96 (.66–1.40)

2–4 y 46/129 35.7 (27.4–43.9) 38/147 25.9 (18.8–32.9) 0.72 (.51–1.04) 0.73 (.47–1.12)

5–14 y 58/131 44.3 (35.7–52.8) 33/107 30.8 (22.1–39.6) 0.70 (.49–.98) 0.75 (.50–1.00)

≥15 y 24/74 32.4 (21.7–43.1) 11/50 22.0 (10.5–33.5) 0.68 (.37–1.26) 0.67 (.36–1.30)

All ages 217/609 35.6 (31.8–39.4) 159/594 26.8 (23.2–30.3) 0.75 (.63–.89) 0.75 (.64–.90)

NVT carriaged among all participants

<1 y 78/201 38.8 (32.1–45.6) 90/200 45.0 (38.1–51.9) 1.16 (.92–1.46) 1.12 (.89–1.40)

1 y 96/199 48.2 (41.3–55.2) 104/200 52.0 (45.1–58.9) 1.08 (.89–1.31) 1.09 (.89–1.33)

2–4 y 70/204 34.3 (27.8–40.8) 97/201 48.3 (41.3–55.2) 1.41 (1.11–1.78) 1.41 (1.11–1.79)

5–14 y 71/201 35.3 (28.7–41.9) 70/202 34.7 (28.1–41.2) 0.98 (.75–1.28) 0.98 (.75–1.28)

≥15 y 46/200 23.0 (17.2–28.8) 36/199 18.1 (12.7–23.4) 0.79 (.53–1.16) 0.84 (.57–1.26)

All ages 361/1005 35.9 (32.9–38.9) 397/1002 39.6 (36.6–42.7) 1.10 (.99–1.23) 1.13 (1.01–1.27)

Abbreviations: CI, confidence interval; NT, nontypeable; NVT, nonvaccine type; PR, prevalence ratio; VT, vaccine type.  
aStandard methods for calculating risk ratios were used to obtain crude PRs, with 2017 serving as the reference period.  
bAdjusted PRs were modeled using log-binomial regression. Poisson regression using robust error variance was used if log-binomial models failed to converge [23, 24]. Models were adjusted 
for inside cooking location, presence of other children aged <5 years in the household, antibiotic use in the past 2 weeks, and illness in the past 2 weeks (cough, cold/runny nose, fever).  
cVT carriage is defined as carriage with serotypes included in 13-valent pneumococcal conjugate vaccine (PCV13) (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, and 23F).  
dNVT carriage is defined as carriage with any serotype not included in PCV13, excluding NTs.
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motorbike (86.1% vs 80.6%; P = .0009) than in 2017. 
Participants in 2017 compared to 2020 were more likely to 
have a cough (37.4% vs 29.6%; P = .0002) or fever (20.7% vs 
14.3%; P = .0002) and less likely to have a cold/runny nose 
(47.2% vs 53.0%; P = .009) in the past 2 weeks.

Overall Pneumococcal Carriage by Household and Participant 
Characteristics

In 2017 and 2020, households with presence of other children 
aged <5 years or with ≥4 persons sharing a room and partic
ipants with a cold/runny nose or cough had a significantly 
higher pneumococcal carriage prevalence than those without 
(Supplementary Table 1). Households using gas as a fuel 
source had a significantly lower pneumococcal carriage preva
lence than households not using gas in both study years. There 
were no significant changes in the overall pneumococcal car
riage prevalence by household and participant characteristics 
from 2017 to 2020.

Overall Pneumococcal Carriage Prevalence

Among participants of all ages, there were no significant chang
es in overall pneumococcal carriage prevalence from 2017 to 
2020 (60.6% to 59.3%; aPR, 1.02 [95% confidence interval 
{CI}, .95–1.09]) (Table 2). By age group, pneumococcal carriage 
prevalence declined among children aged 5–14 years (65.2% to 
53.0%; aPR, 0.83 [95% CI, .70–.98]) and adults (37.0% to 25.1%; 
aPR, 0.75 [95% CI, .56–1.02]), although the changes in adults 
were not significant. Pneumococcal carriage prevalence was 

highest among children aged 1 year in both 2017 (73.4%) and 
2020 (75.5%).

VT Pneumococcal Carriage Prevalence

Among all pneumococcal carriers, VT carriage declined signif
icantly (35.6% to 26.8%; aPR, 0.75 [95% CI, .64–.90]), although 
by age group, the changes were only significant in children aged 
<1 year (37.2% to 27.3%; aPR, 0.70 [95% CI, .49–.98]) (Table 2). 
Among all participants, VT carriage decreased from 21.6% in 
2017 to 15.9% in 2020 (aPR, 0.76 [95% CI, .63–.92]) 
(Table 2). VT carriage was the highest among children aged 
5–14 years (28.9%) in 2017 and children aged 1 year (19.5%) 
in 2020. By age group, the changes in VT carriage between 
2017 and 2020 were only significant in children aged 5–14 years 
(28.9% to 16.3%; aPR, 0.57 [95% CI, .39–.84]). Of note, VT car
riage declined among adults from 12.0% in 2017 to 5.5% in 
2020, though the changes were not significant (aPR, 0.52 
[95% CI, .26–1.05]).

Serotype Distribution

In 2020, the VTs with the highest carriage prevalence in partic
ipants of all ages were serotypes 19F (3.4%), 3 (2.6%), and 19A 
(2.0%) (Figure 1), with serotypes 19A and 19F being the most 
common among children aged <5 years (Figure 2) and serotype 
3 being the most common among participants aged ≥5 years 
(Supplementary Table 2). The NVTs with the highest carriage 
prevalence in participants of all ages were serotypes 35B 
(4.0%), 23B (3.8%), and 11A (3.4%) (Figure 1).

Figure 1. Pneumococcal carriage prevalence by serotype among all ages in 2017 (N = 1005) and 2020 (N = 1002), Bobo-Dioulasso, Burkina Faso. *P < .05. aχ2 tests and 
Fisher exact tests were used to compare changes in individual vaccine serotype carriage prevalence in each age group between 2017 and 2020. bSixteen participants in 2017 
and 5 participants in 2020 were colonized with >1 serotype.
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Between 2017 and 2020, carriage prevalence in participants 
of all ages decreased significantly for serotype 23F (VT) 
(2017: 3.9%; 2020: 0.7%) and serotype 35F (NVT) (2017: 
0.8%; 2020: 0.0%), and increased significantly for serotypes 
7F (VT) (2017: 0.0%; 2020: 0.6%), 23B (NVT) (2017: 2.0%; 
2020: 3.8%), and 23A (NVT) (2017: 0.1%; 2020: 1.2%) 
(Figure 1). From 2017 to 2020, carriage prevalence in children 

aged <5 years decreased significantly for serotype 23F (2017: 
5.3%; 2020: 1.0%), and serotypes 19A (2017: 1.0%; 2020: 
2.7%) and 7F (2017: 0.0%; 2020: 0.8%) increased significantly 
(Figure 2). Carriage prevalence of serotype 19F did not change 
significantly in children aged <5 years, whereas significant de
creases were observed in children aged 5–14 years 
(Supplementary Table 2). Among children aged <5 years, the 

Figure 2. Pneumococcal carriage prevalence by serotype among children aged <5 y in 2017 (N = 604) and 2020 (N = 601), Bobo-Dioulasso, Burkina Faso. *P < .05. aχ2 

tests and Fisher exact tests were used to compare changes in individual vaccine serotype carriage prevalence in each age group between 2017 and 2020. bSixteen partic
ipants in 2017 and 5 participants in 2020 were colonized with >1 serotype. Abbreviations: NT, nontypeable; NVT, nonvaccine type; VT, vaccine type.

Table 3. Number of Valid 13-Valent Pneumococcal Conjugate Vaccine Doses by Age Group Among Children Aged <5 Years in 2017 and <7 Years in 
2020—Bobo-Dioulasso, Burkina Faso, 2017 and 2020

No. of Valid PCV13 Dosesa

Age Groupb and Study Year

2–11 mo 1 y 2–4 y 5–6 y

2017 
(n = 189)

2020 
(n = 178)

2017 
(n = 162)

2020 
(n = 185)

2017 
(n = 139)

2020 
(n = 175) 2017c

2020d 

(n = 46)

0 47 (24.9) 23 (12.9) 16 (9.9) 7 (3.8) 45 (32.4) 19 (10.9) … 10 (21.7)

1 27 (14.3) 20 (11.2) 3 (1.9) 0 (0.0) 2 (1.2) 3 (1.7) … 0 (0.0)

2 20 (10.6) 28 (15.7) 7 (4.3) 7 (3.8) 8 (5.8) 5 (2.9) … 3 (6.5)

3 95 (50.3) 107 (60.1) 136 (84.0) 171 (92.4) 84 (60.4) 148 (84.6) … 33 (71.7)

Data are presented as No. (%).  

Abbreviation: PCV13, 13-valent pneumococcal conjugate vaccine.  
aPCV13 doses were considered valid if children were ≥2 months for PCV13 dose 1, each dose was given ≥21 days apart, and ≥14 days occurred between a PCV13 dose and collection of the 
nasopharyngeal and oropharyngeal (participants ≥5 years) swab.  
bThe vaccination status of some participants was unknown, did not meet the criteria to be considered valid, or was given only by caregiver verbal report, so the total number of children under 
each column does not necessarily add up to the number of enrolled children in each age group.  
cSince PCV13 was introduced in 2013, children ≥5 years were not eligible for PCV13 vaccination in 2017.  
dChildren aged 5 and 6 years are included in the age group 5–14 years. There were 65 children 5 or 6 years old enrolled in 2020.
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prevalence of NVTs 23B, 10A, and 23A increased significantly 
(Figure 2).

PCV13 Vaccination History

Card- or registry-confirmed PCV13 vaccination history was 
available for 64.3% (387/602) of children aged <5 years in 
2017 and 80.7% (536/664) of children aged <7 years in 2020 
(Supplementary Table 3). Among children aged <5 years 
with confirmed vaccination history, the proportion who re
ceived 3 valid PCV13 doses increased from 64.3% in 2017 to 
79.2% in 2020 (Table 3). By age group, 3-dose PCV13 coverage 
was 50.3% and 60.1% among children aged 2–11 months (not 
all children in this age group would have been age eligible to 
complete the PCV13 series), 84.5% and 92.4% among children 
aged 1 year, and 60.4% and 84.6% among children aged 
2–4 years in 2017 and 2020, respectively. In 2020, 71.7% of chil
dren aged 5–6 years had received 3 valid PCV13 doses, repre
senting 16.3% (33/202) of children enrolled in the age group 
5–14 years.

DISCUSSION

We examined changes between 2 pneumococcal carriage stud
ies conducted approximately 3 and 6 years after PCV13 intro
duction in Burkina Faso and before a change in vaccine 
schedule. We found no significant change in overall pneumo
coccal carriage (60.6% to 59.3%) whereas VT carriage de
creased significantly (21.6% to 15.9%) in participants of all 
ages, although by age group, declines were only significant 
among children aged 5–14 years. Despite increased PCV13 
coverage over time, in 2020, VT carriage was observed in 1 in 
5 children aged <5 years and remains high in all age groups 
compared to middle- and high-income countries using sched
ules with a booster dose [14, 25].

A previous report comparing carriage studies conducted in 
Bobo-Dioulasso in 2015 (1 year post–PCV13 introduction) 
and 2017 (3 years post-PCV13 introduction, also included in 
the current study) showed reductions in VT carriage among pneu
mococcal carriers aged <5 years, although there were differences 
in the laboratory methods used for pneumococcal detection be
tween the studies conducted in 2015 and 2017 [11]. Between 
2017 and 2020, we observed no further significant reduction in 
VT carriage among children aged <5 years. Persistent VT carriage 
has been observed in other sub-Saharan countries using the 3 + 0 
schedule. In the Gambia, 5 years post–PCV13 introduction (pre
ceded by 7-valent PCV introduction 2 years prior), VT carriage 
was 13.5%–14.4% in children aged <5 years [26]; in Malawi, 
7 years post–PCV13 introduction, VT carriage was 15.7%– 
16.7% among children aged 3–8 years [22]. In Mozambique, VT 
carriage was 14.5% in human immunodeficiency virus (HIV)– 
uninfected children and 21.0% in HIV-infected children 3 years 
after 10-valent PCV introduction [27]. Persistent VT carriage in 

younger children results in less pronounced indirect effects on 
carriage and disease for older ages. Preliminary meningitis surveil
lance data from Burkina Faso from 2018 through 2020 showed no 
significant declines in VT pneumococcal meningitis incidence for 
all age groups combined, and serotype 1, a PCV13 serotype rarely 
detected in carriage, remained the predominant serotype causing 
pneumococcal meningitis among older children and adults [28]. 
High residual VT carriage and disease found in sub-Saharan coun
tries, including Burkina Faso, prompted evaluations of strategies to 
optimize PCV impact including alternative schedules such as those 
with a booster. In 2019, WHO issued a new position paper stating 
that the 2 + 1 schedule could potentially provide a longer duration 
of protection than 3 + 0, although data are still limited [7].

The aforementioned report comparing results from early 
post–PCV13 introduction (2015 vs 2017) in Bobo-Dioulasso 
found no clear evidence of reductions in VT carriage in older 
children or adults [11]. The reductions in VT carriage we ob
served in children aged 5–14 years (some of whom were 
PCV13 vaccinated in 2020) and adults (nonsignificant after ad
justment) align with previous studies suggesting that it may 
take several years to develop herd protection. In Malawi, 
reductions in VT carriage among PCV13-unvaccinated 
HIV-infected adults were seen at 7 years post–PCV13 introduc
tion using a 3 + 0 schedule (VT carriage 15.2% and 8.9%, 3.6 
and 7.1 years post–PCV13 introduction, respectively) [22]. 
Additionally, a systematic review of studies in high- and 
middle-income countries found that the mean time to reach 
a 50% and 90% reduction in invasive pneumococcal disease 
(IPD) among unvaccinated populations was approximately 
2–4 years and 9–10 years (depending on PCV product) 
post-PCV introduction, respectively [6]. Thus, the observed 
VT carriage reductions in persons aged ≥5 years could be ex
plained by additional years of sustained PCV13 use in the com
munity, with additional birth cohorts receiving PCV13.

In 2020, serotypes 3, 19A, and 19F were the most common 
VTs identified, with significant increases in the carriage preva
lence of serotype 19A from 2017 (1.0%) to 2020 (2.7%) in chil
dren aged <5 years. In South Africa, serotypes 19A and 3 were 
the most identified VTs in IPD patients of all ages in the vaccine 
era, though neither serotype was significantly associated with 
increased in-hospital death [29]. Serotype 19A has not been a 
major cause of pneumococcal meningitis in Burkina Faso [9], 
but additional monitoring for carriage and disease is warrant
ed, especially after the PCV13 schedule change.

As expected, we observed increases in NVT carriage from 
2017 to 2020 in children <5 years of age. Serotype replacement 
following PCV introduction has been well documented 
[26, 30–32]. Specifically, we observed significant increases in 
serotypes 23B and 23A carriage among children aged <5 years 
and participants of all ages and serotype 10A among children 
aged <5 years only. Serotype 35B also remained as the most 
common NVT in participants of all ages and children aged 
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<5 years in 2020. From 2011 to 2017, few pneumococcal men
ingitis cases caused by these NVTs have been reported [9]. A 
systematic review estimating the IPD potential of individual 
serotypes in children aged <5 years in the PCV era found 
that serotypes 23B and 35B had a lower IPD potential when 
serotype 19A was used as the reference [4]; however, additional 
monitoring of serotype 23B and 35B carriage and disease is 
needed since some countries have reported increases in IPD 
due to these serotypes [33, 34].

Our study is subject to several limitations. First, we did not 
account for the study cluster design or include sampling 
weights because we did not use a true probabilistic sampling 
design [35]. While sectors and crossroads were randomly 
selected, back-up sectors and crossroads had a chance of 
being selected twice. We compared the carriage prevalence in 
sectors selected during the first round with the back-up sectors 
and found no differences in the carriage prevalence when strat
ified by age group. Additionally, at each crossroad the first 
household on the left was visited and surveyors moved consec
utively to subsequent households, possibly leading to a bias if 
participants living closest to crossroads were more or less likely 
to be pneumococcal carriers. Second, fewer adult males (2017: 
19.5%; 2020: 35.2%) were enrolled; however, a systematic 
review found no association between participant sex and pneu
mococcal carriage [19]. Third, there could be residual unmea
sured confounders contributing to significant reductions in 
overall pneumococcal carriage in children aged 5–14 years, 
therefore leading to significant reductions in VT carriage in 
this age group. Last, since we applied the same sample size 
for each age group, we may have been underpowered to detect 
significant changes in VT carriage in adults.

We observed sustained direct effects and the first evidence of 
indirect effects of PCV13 introduction on VT carriage in 
Burkina Faso. Despite declines in VT carriage from 2017 to 
2020 among participants of all ages, there were no further sig
nificant reductions in children aged <5 years observed early 
post–PCV13 introduction [11], and VT carriage remained 
high. Approximately 6 years post-PCV13 introduction and in 
the context of high PCV13 coverage, 1 in 5 children aged 
<5 years still carries a VT pneumococci. Our study provides base
line VT carriage estimates before the PCV13 schedule change that 
occurred in June 2021. Additional monitoring of VT carriage is 
needed in the years following the schedule change to assess the im
pact. Evidence generated from future studies in Burkina Faso may 
inform pneumococcal vaccination policy decision-making for 
other countries in Africa using the 3 + 0 schedule.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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