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Fig. S1. Neonatal infection leads to persistent infection. (A) Quantitative PCR for Giardia lamblia 

trophozoite genome content equivalents in feces from mice at the indicated time p.i.. The time 

course of four individual animals (n=4 per group from 2 litters) is shown. (B) 3-day-old as well as 2-, 

4-, or 10-week-old mice were orally infected with 2x105 (for 3-day-old or 2-week-old mice) or 1x107 

G. lamblia trophozoites (for 4- or 10-week-old mice), and fecal G. lamblia antigen was monitored 

weekly (n=5-11 per group from 2-3 litters). Mantel Cox test (B).  



 

 

Fig. S2. Parasite persistence leads to impaired growth and weight gain. (A) Flow cytometric analysis 

of the relative number of lamina propria macrophages (mac), monocytes (mono) and 

polymorphonuclear cells (PMN) among all CD45+ immune cells in the small intestine at 4 weeks p.i. in 

G. lamblia-infected mice (G.l.) or healthy age-matched controls (CTL) (n=11 per group from 2-3 

litters). Body size (B) and total body weight (C) of male or female 4-week-old mice infected at the age 

of 3 days (G.l.) or healthy age- and sex-matched control animals (CTL) (n=3-4 per group from 2 

litters). Graphs show the mean±SD; *P<0.05, **P<0.01 by 2-way ANOVA, Bonferroni post-test (A) or 

Mann-Whitney test (B, C). All data are representative of two to three independent in vivo 

experiments. 

  



 

 

Fig. S3. Enhanced bile secretion upon G. lamblia persistence. (A) Quantitative RT-PCR for cholesterol 
7 alpha-hydroxylase (Cyp7a), 25-hydroxycholesterol 7-alpha-hydroxylase (Cyp7b), sterol 27-
hydroxylase (Cyp27) and bile acid-CoA:amino acid N-acyltransferase (Baat) mRNA in total liver tissue 
of 4-week-old G. lamblia-positive mice (G. lamblia) infected at the age of 3 days with 2x105 
trophozoites or healthy age-matched control animals (CTL). Values were normalized to the 
expression of the housekeeping gene hprt (n = 6-8 per group from 2 litters). (B) Global mass 
spectrometric bile acid composition analysis in liver tissue of adult mice persistently infected with G. 
lamblia or healthy control animals (n=22-25 per group from 3-4 litters). (C) Serum cholesterol in adult 
mice treated for 1 week with cholestyramin (500 mg/kg body weight daily by oral gavage) or PBS 
(n=5-7 per group from 2 litters). (D) Comparative mass spectrometric analysis of bile acid 
concentration in culture medium supplemented with murine bile before (blue, CTL) and after 
(orange, G. lamblia) in vitro culture of G. lamblia for 48h (one out of three independent experiments 
is shown). Graphs show the mean±SD; *P<0.05, **P<0.01 by Mann-Whitney test (A, C) or 2-way 
ANOVA, Bonferroni post-test (B). All data are representative of two to three independent in vivo 
experiments.  



 

Fig. S4. Bile-derived LysoPC as a metabolic substrate and persistence-promoting factor for G. 

lamblia. (A) Comparative mass spectrometric analysis of LysoPCs concentration in culture medium 

supplemented with murine bile before (blue, CTL) and after (orange, G. lamblia) in vitro culture of G. 

lamblia for 48h (one out of three independent experiments is shown). (B) Quantitative analysis of 

selected LysoPCs with significantly different concentration in peripheral blood of mice persistently 

infected with G. lamblia 4 weeks p.i. as compared to healthy age-matched control animals (CTL) 

(n=10-11 per group from 2-3 litters). Graphs show the mean ±SD; **P<0.01 by 2-way ANOVA, 

Bonferroni post-test (B). All data are representative of two to three independent in vivo experiments.  



 

 

Fig. S5. Infection-induced changes of the enteric microbiota. (A) Principal coordinate analysis (PCoA) 
of the small intestinal (upper panel) and colonic (lower panel) microbiota composition 1 week p.i. in 
mice infected as 3-day-old neonates (G. lamblia) or age-matched healthy control animals (CTL), as 
determined by 16S rRNA gene sequencing (n=5 per group). (B-E) Total body weight (B and C) and 
food intake (g/week) (D and E) of adult C57BL/6J germ-free recipient mice after microbiota 
transplantation from (B, D) 4-week-old persistently G. lamblia-infected (G. lamblia, n=4) or age-
matched control animals (CTL, n=5) or (C, E) persistently G. lamblia-infected animals 3 weeks after 
spontaneous parasitic clearance or age-matched control animals (CTL, n=4-5 per group). (F-G) 
Richness (F) (number of OTUs) and principal coordinate analysis (PCoA) (G) of the colonic microbiota 
of G. lamblia-infected (G.l.) donor mice (Donor) and the colonic microbiota of ex germ-free 
microbiota recipient mice (Recipient) at 6 weeks after microbiota transfer (n=9-10 per group from 2-
3 litters). (H) Effect of taurine supplementation in culture medium on G. lamblia growth after 48h 
(n=4 per group from 2 litters). Graphs show the mean±SD; Permanova (A, G), 2-way ANOVA, 
Bonferroni post-test (B-E, H) or Mann-Whitney test (F). All data are representative of two to three 
independent in vivo experiments.  



 

 

Fig. S6. Metabolic consequences of persistent G. lamblia infection. (A–C) Volcano plot (persistently 

G. lamblia-infected/age-matched healthy controls) of amino acids and biogene amines (A and B) in 

total liver tissue (A) and serum (B) as well as lipophilic metabolites (C) as measured by mass 

spectrometry in liver tissue of 4-week-old mice persistently infected with G. lamblia and healthy age-

matched control animals (n=10-11 per group from 2-3 litters). Black diamond, sugars; pink diamond, 

custom metabolomics indicator. (D) Imaging of total adipose tissue from control (CTL) and G. 

lamblia-infected (G.l.) mice at 4 weeks p.i.. Three-dimensional volume renderings of segmented 

adipose tissue (blue) and lung (pink) upon μCT imaging (left and middle panel) and 2D cross-sectional 

μCT images in transversal planes of the abdomen (upper and lower right panel). (E) Total body 

adipose tissue volume [mm3] of G. lamblia-infected (G.l.) and age-matched control animals (CTL) 



(n=4-5 per group from 2 litters). (F) Perigonadal white adipose tissue obtained from male and female 

4-week-old persistently G. lamblia-infected adult mice (G.l.) or age-matched control animals (CTL) 

(n=3-4 per group from 2 litters). (G) Perigonadal white adipose tissue harvested from male or female 

4-week-old persistently G. lamblia-infected adult mice (G.l.) or age-matched control animals (CTL) 

(n=4 per group from 2 litters). (H) Comparison of brown adipose tissue (BAT) from G. lamblia-

infected mice (G.l.) at 4 weeks p.i. and age-matched control animals (CTL). Three-dimensional volume 

renderings of BAT (red) upon μCT imaging (upper panel), 2D cross-sectional μCT images in transversal 

planes of the abdomen of the mice (lower panel). (I) Total BAT volume of G. lamblia-infected (G.l.) 

and age-matched control animals (CTL) (n=4-5 per group from 2 litters). (J) Serum cholesterol 

concentration of persistently G. lamblia-infected mice (G.l.) or healthy age-matched control animals 

(CTL) after fasting 12 h and access to food for 30 min. 3-day-old mice were infected with 2x105 G. 

lamblia trophozoites (n=7-9 per group from 2-3 litters). Graphs show the mean±SD; *P<0.05, 

**P<0.01, ***P<0.001 by unpaired, two-tailed t-test (E, I) or Mann-Whitney test (F, G, J). All data are 

representative of one to two independent in vivo experiments. 

  



 

 

Fig. S7. G. lamblia infection of adult germ-free animals. Percentage of adult conventionally raised 

(conventional) or germ-free C57BL/6J mice with positive fecal G. lamblia antigen test after oral 

infection with 1x107 G. lamblia trophozoites at the age of 4 weeks (n=5-10, Mantel Cox test).  



 

  

Fig. S8. Potential mechanisms contributing to reduced postnatal body weight gain and linear 

growth. 

 



Table S1. Metabolic profiling for acylcarnitines in serum of mice persistently infected with G. lamblia versus healthy age-matched control animals. 
Measurements were done by mass spectrometry (n=10-11 per group). 



  



Table S2. Metabolic profiling for PCs in total liver tissue of mice persistently infected with G. lamblia versus healthy age-matched control animals. 
Measurements were done by mass spectrometry (n=10-11 per group). 



  



  



Table S3. Bile acid standards for metabolically profiling bile acids. Bile acid standards for metabolically profiling bile acids in total small intestinal tissue (Fig. 

6f), culture medium (Fig. 4j and 5a-c, Fig. S4e and S5a) and total liver tissue (Fig. S4c). 
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