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Extended Data Fig. 9 | Germ-free mice have impaired germinal centre 
formation following vaccination with the PCV13 vaccine. Confocal 
microscopy of dLNs collected from mock (PBS) and PCV13 vaccinated GF and 
SPF mice that were vaccinated at day 28 of life with one 3 µg dose of PCV13 

vaccine i.p. Data shown are at two weeks post-immunisation. CD3, CD21/35, 
GL7 and IgD staining are visualised separately and then merged. A white box 
has been placed around the GL7 staining, which visible only in the vaccinated 
SPF mice. Data are from a single experiment. The scale bar represents 100 µm.



Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | Extended data on immune responses to PCV13 in 
germ-free, Myd88−/−, Tlr4−/− and Tlr2−/− mice. (a) MHCII and (b) CD80 MFI on 
indicated myeloid cell populations in the dLN of GF and SPF mice 24 h following 
PCV13/mock vaccination (n = 5 mice per group). (c) CD86 MFI on indicated 
myeloid cell populations in the dLN of GF and GF mice colonised with B. breve 
from birth, 24 h following PCV13/mock vaccination (n = 3 mice per group). 
PCV13-specific (d) IgG1, (e) IgG2c, (f) IgM antibodies as assessed by ELISA in the 
serum of mock (n = 5 mice) and PCV13 vaccinated Myd88−/− (n = 10 mice) and 
littermate wildtype (WT, n = 10 mice) mice. PCV13-specific IgGtotal antibodies  
as assessed by ELISA in the serum of mock and PCV13 vaccinated (g) Tlr4−/− 
(n = 10 mice) and (h) Tlr2−/− (n = 11 mice) and littermate WT mice (n = 10, and 9, 
respectively). Mice in d-h were vaccinated at day 28 of life with two 3 µg doses 
of PCV13 vaccine i.p., two weeks apart. PCV13-specific (i) IgG1 and ( j) IgM in the 
serum of mock vaccinated (n = 5 mice) and PCV13 vaccinated (two doses i.p., 
two weeks apart) SPF (n = 10 mice), GF (n = 9 mice), and GF mice born to dams 
colonised with a consortium of Bifidobacterium species in pregnancy and 
administered these strains again at day 7 and 14 post-birth (GF+Bif, n = 6 mice). 
Data shown are at 2 weeks post-boost. (k) The frequency (as % of live) and total 
number of GC B cells in the dLN of mice in (i) at 2 weeks post-boost. The frequency 
(as % of live) and total number of Tfh cells in the (l) spleen and (m) dLN of mice  
in (i) at 2 weeks post-boost. PCV13-specific (n) IgGtotal, (o) IgG1 and (p) IgM 
antibodies as assessed by ELISA in serum of mice in (i) collected two weeks after 
PBS (mock) or PCV13 vaccination (one 3 µg dose i.p.). PCV13-specific (q) IgGtotal 

and (r) IgG1 antibodies as assessed by ELISA at 2 weeks post-boost in the serum 
of mock (n = 5 mice), SPF (n = 9 mice), GF and GF mice colonised at day 21 with 
either the B. bifidum (GF + B.bif) or L. acidophilus (GF + L.acid) strains isolated 
from the Infloran probiotic (n = 8 mice per group). (s) 16S rRNA gene sequencing 
of faecal samples (n = 4 mice per group) was used to confirm colonisation with 
the Infloran strains. (t) Bacterial load was assessed using 16S rRNA gene qPCR 
in the indicated mice (n = 8 GF, n = 4 colonised and n = 6 SPF mice). PCV13-specific 
IgGtotal antibodies were assessed by ELISA in the serum of mock and PCV13 
vaccinated SPF, GF or GF mice colonised with (u) L. murinus (n = 5 mice),  
L. plantarum (n = 5 mice), E. gallinarum (n = 4 mice), (v) A. muciniphila (n = 10 
mice), B. acidifaciens (n = 10 mice) or (w) B. producta (n = 10 mice), E. cloacae 
(n = 5 mice). Mice in u-w were vaccinated at day 28 of life with two 3 µg doses  
of PCV13 vaccine i.p., two weeks apart. Data shown are at 2 weeks post-boost. 
Data in a-r, t-w are represented as mean ± SEM. Data in d-f, g, i-m are each 
representative of two independent experiments. Data in a-b, c, h, n-p, q-t, u, v, w 
are all from independent single experiments. Statistical significance was 
assessed in a-c using two-tailed Student’s t-test without adjustment for 
multiple comparisons, in d-h using two-way ANOVA with Tukey’s post-test 
analysis for multiple comparisons and in i-r, t-w using one-way ANOVA with 
Dunnett’s post-test analysis for multiple comparisons. *P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.001, ns = not significant. Exact P values are provided in 
the Source Data File. All P values are two-sided.



Extended Data Table 1 | Antibiotics and Immune Responses (AIR) study demographics

The AIR study was a prospective observational study which divided participants in a priori defined antibiotic exposure groups. See Methods for further details on study design.
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