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Streptococcus pneumoniae (the pneumococcus) carriage precedes invasive disease and

influences population-wide strain dynamics, but limited data exist on temporal carriage

patterns of serotypes due to the prohibitive costs of longitudinal studies. Here, we

report carriage prevalence, clearance and acquisition rates of pneumococcal serotypes

sampled from newborn infants bi-weekly from weeks 1 to 27, and then bi-monthly from

weeks 35 to 52 in the Gambia. We used sweep latex agglutination and whole genome

sequencing to serotype the isolates. We show rapid pneumococcal acquisition with

nearly 31% of the infants colonized by the end of first week after birth and quickly

exceeding 95% after 2 months. Co-colonization with multiple serotypes was consistently

observed in over 40% of the infants at each sampling point during the first year of life.

Overall, the mean acquisition time and carriage duration regardless of serotype was

38 and 24 days, respectively, but varied considerably between serotypes comparable

to observations from other regions. Our data will inform disease prevention and

control measures including providing baseline data for parameterising infectious disease

mathematical models including those assessing the impact of clinical interventions such

as pneumococcal conjugate vaccines.
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FIGURE 4 | The Kaplan-Meier survival curves and exponential fit to the longitudinal pneumococcal carriage data. The plots show (A) duration from acquisition to

clearance of all serotypes, (B) time until first acquisition of any serotype and (C) time until second acquisition or reacquisition of any serotype. The black curve

represents the Kaplan-Meier estimates while the yellow line is the fitted survival curve. The rate parameter in the exponential model is shown at the top of the plots

(A–C) represents the mean clearance, acquisition and reacquisition rate, respectively. The inverse of the rate in plots A, B and C equates to mean the carriage

duration, time until first acquisition and reacquisition of any serotype, respectively.

FIGURE 5 | Carriage dynamics of pneumococcal serotypes in Gambian infants. Graph showing (A) carriage duration, (B) time to first acquisition, (C) time to

acquisition from birth for the first and second colonization episode with the serotype, (D) carriage duration for the first and second colonization episode with

the serotype.
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FIGURE 6 | Relationship of carriage estimates of pneumococcal serotypes in Gambian infants. (A) Scatter plot showing carriage duration and time to first acquisition.

(B) Scatter plot showing carriage duration, second acquisition (reacquisition). (C) Scatter plot showing carriage duration and frequency of serotype/episode, (D) time

to first acquisition and frequency of serotypes. (E) Scatter plot showing carriage duration of serotypes in the Gambia and Kenya. (F) Scatter plot showing time to

acquisition of serotypes in the Gambia and South Africa.
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TABLE 2 | Carriage duration, initial acquisition and reacquisition times of pneumococcal serotypes in the among Gambian infants.

Serotype Number of

episodes

Prevalence

(%)

Carriage duration in days Time from birth to

first acquisition in

days (95% CI)

Time from birth to

reacquisition in days

(95% CI)

All episodes (95% CI) First episode (95%

CI)

Second episode

(95% CI)

47F 3 0.35 12.83 (4.14, 39.79) 12.83 (4.14, 39.79) – 143.5 (46.28, 444.93) –

41 3 0.35 14 (4.52, 43.41) – – – –

19B 4 0.47 14 (5.25, 37.3) 14 (5.25, 37.3) – 159.25 (59.77, 424.31) –

47 4 0.47 14 (5.25, 37.3) 14 (4.52, 43.41) – 98 (31.61, 303.86) –

47A 4 0.47 14 (5.25, 37.3) 14 (5.25, 37.3) – 73.5 (27.59, 195.83) –

5 4 0.47 14 (5.25, 37.3) 14 (5.25, 37.3) – 189 (70.94, 503.57) –

10F 5 0.58 14 (5.83, 33.64) 14 (5.83, 33.64) – 144.2 (60.02, 346.44) –

16A 5 0.58 14 (5.83, 33.64) 14 (5.83, 33.64) – 266 (110.72, 639.07) –

36 6 0.7 14 (6.29, 31.16) 14 (6.29, 31.16) – 79.33 (35.64, 176.59) –

19C 11 1.28 14 (7.75, 25.28) 14 (7.75, 25.28) – 211.27 (117, 381.5) –

1 8 0.93 15.75 (7.88, 31.49) 15.75 (7.88, 31.49) – 94.5 (47.26, 188.96) –

9N 7 0.82 16 (7.63, 33.56) 16.33 (7.34, 36.36) – 175 (78.62, 389.53) –

8 5 0.58 16.8 (6.99, 40.36) 16.8 (6.99, 40.36) – 112 (46.62, 269.08) –

28F 7 0.82 17.5 (8.34, 36.71) 17.5 (8.34, 36.71) – 110.5 (52.68, 231.79) –

NT 49 5.71 19.79 (14.95, 26.18) 21.46 (15.62, 29.49) 14 (7.75, 25.28) 107.67 (78.35, 147.97) 233.55 (129.34,

421.71)

35F 4 0.47 21 (7.88, 55.95) 21 (7.88, 55.95) – 168 (63.05, 447.62) –

11D 3 0.35 23.33 (7.53, 72.35) 23.33 (7.53, 72.35) – 182 (58.7, 564.3) –

18C 7 0.82 24 (11.44, 50.34) 25.67 (11.53, 57.13) – 79.33 (35.64, 176.59) –

3 8 0.93 24.94 (12.47, 49.87) 17.5 (8.34, 36.71) – 116.5 (55.54, 244.37) –

11B 8 0.93 26.25 (13.13, 52.49) 28 (13.35, 58.73) – 190 (90.58, 398.55) –

38 9 1.05 26.44 (13.76, 50.82) 24.5 (12.25, 48.99) – 145.25 (72.64, 290.44) –

23A 13 1.52 26.92 (15.63, 46.37) 28 (15.9, 49.3) – 116.08 (65.92, 204.4) –

12F 8 0.93 28 (14, 55.99) 28 (14, 55.99) – 117.25 (58.64, 234.45) –

40 11 1.28 29.27 (16.21, 52.86) 30.8 (16.57, 57.24) – 154.7 (83.24, 287.52) –

9V 8 0.93 29.75 (14.88, 59.49) 32 (15.26, 67.12) – 169 (80.57, 354.5) –

7F 4 0.47 31.5 (11.82, 83.93) 31.5 (11.82, 83.93) – 187.25 (70.28, 498.91) –

17F 11 1.28 31.5 (17.44, 56.88) 31.85 (17.14, 59.19) – 196.35 (105.65,

364.93)

–

18A 6 0.7 32.08 (14.41, 71.41) 32.08 (14.41, 71.41) – 51.92 (23.32, 115.56) –

48 6 0.7 32.67 (14.68, 72.71) 36.4 (15.15, 87.45) – 70 (29.14, 168.18) –

34 31 3.61 34.1 (23.98, 48.48) 35.48 (24.66, 51.06) – 117.31 (81.52, 168.81) –

9A 7 0.82 35 (16.69, 73.42) 35 (16.69, 73.42) – 118 (56.25, 247.52) –

19F 33 3.85 35.64 (25.33, 50.13) 35 (24.47, 50.06) 42 (13.55, 130.22) 168.47 (117.79,

240.95)

231 (74.5, 716.23)

15A 18 2.1 35.78 (22.54, 56.79) 29.65 (18.43, 47.69) – 146.18 (90.87, 235.14)

15B/C 42 4.9 36.17 (26.73, 48.94) 32.28 (23.28, 44.75) 59.5 (26.73,

132.44)

181.42 (130.86, 251.5) 249.67 (112.17,

555.73)

16F 24 2.8 36.9 (24.73, 55.05) 29.75 (19.59, 45.18) – 153.84 (101.3, 233.64) –

22A 12 1.4 38.5 (21.86, 67.79) 35 (18.83, 65.05) – 114.8 (61.77, 213.36) –

14 25 2.91 38.5 (26.01, 56.98) 35.18 (22.44, 55.16) 49 (22.01, 109.07) 119.92 (76.49, 188.01) 123.2 (51.28, 295.99)

23B 32 3.73 40.47 (28.62, 57.23) 34.74 (23.82, 50.66) 71.4 (29.72,

171.54)

113.56 (77.87, 165.59) 173.6 (72.26, 417.08)

(Continued)

Frontiers in Pediatrics | www.frontiersin.org 9 January 2021 | Volume 8 | Article 587730

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Chaguza et al. Pneumococcal Carriage in Newborn Infants

TABLE 2 | Continued

Serotype Number of

episodes

Prevalence

(%)

Carriage duration in days Time from birth to

first acquisition in

days (95% CI)

Time from birth to

reacquisition in days

(95% CI)

All episodes (95% CI) First episode (95%

CI)

Second episode

(95% CI)

10A 17 1.98 41.18 (25.6, 66.24) 44.8 (27.01, 74.31) – 196.93 (118.72,

326.66)

–

11A 26 3.03 41.46 (28.23, 60.89) 24.82 (16.34, 37.69) 133 (49.92,

354.37)

168.95 (111.25,

256.59)

206.5 (77.5, 550.2)

6A 75 8.74 43.12 (34.39, 54.07) 45.03 (34.97, 58) 35.47 (21.38,

58.83)

110.72 (85.97, 142.59) 199.5 (118.15, 336.85)

21 28 3.26 43.38 (29.95, 62.82) 41.85 (28.05, 62.44) 52.5 (19.7,

139.88)

117.98 (79.08, 176.02) –

35B 28 3.26 46.5 (32.11, 67.35) 38.92 (26.3, 57.6) 109.67 (35.37,

340.03)

166.88 (112.76,

246.97)

126 (40.64, 390.67)

39 7 0.82 47 (22.41, 98.59) 38.5 (17.3, 85.7) – 130.67 (58.7, 290.85) –

20 10 1.17 47.95 (25.8, 89.12) 56.44 (28.22, 112.85) – 115.94 (57.98, 231.83) –

9L 15 1.75 54.13 (32.64, 89.79) 54.25 (30.81, 95.53) 53.67 (17.31,

166.4)

99.17 (56.32, 174.62) –

19A 98 11.42 56.18 (46.09, 68.48) 63.53 (50.43, 80.04) 35.81 (24.38,

52.59)

134.02 (106.38,

168.84)

181 (118.01, 277.6)

23F 14 1.63 57.5 (34.05, 97.09) 59.18 (32.77, 106.86) 51.33 (16.56,

159.16)

105.64 (58.5, 190.75) 221.67 (71.49, 687.29)

13 24 2.8 59.5 (39.88, 88.77) 57.27 (37.71, 86.98) – 160.36 (105.59,

243.55)

–

4 5 0.58 63 (26.22, 151.36) 63 (26.22, 151.36) – 176.4 (73.42, 423.81) –

6B 17 1.98 85.85 (53.37, 138.1) 90.25 (53.45, 152.38) 65.33 (21.07,

202.57)

84.25 (49.9, 142.25) 149.33 (48.16, 463.02)

Cells marked by “–” designate serotypes where no or very few data points (<3) were available for analysis.

when interpreting the estimated carriage duration for
these serotypes.

The implementation of higher-valency PCVs has led
to remarkable changes in the pneumococcal populations
in Sub Saharan Africa (35–38) and globally (39–42). Our
study provides the first comprehensive analysis of temporal
carriage dynamics of pneumococcal serotypes in West Africa,
which will enhance our understanding of the epidemiology
in infants, an age group associated with the greatest risk
of pneumococcal diseases and mortality, to inform future
prevention and control strategies. Furthermore, our findings
will provide baseline data for parameterising mathematical
models for infectious diseases to assess and forecast
population-level effects of PCVs and antibiotic resistance in
the region.
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