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Mother-infant transmission of bacteria in the microbiome 
is well described for certain taxa. Infants often acquire their first 
microbes directly from the primary strain in the mother’s 
microbiome. However, phages display a different pattern of 
inheritance and remain unique between mothers, infants and twins. 

CrAssphage is a double-stranded DNA virus with a ~100 kb 
circular genome. The phage has been difficult to culture, but recent 
reports suggest it infects Bacteroides species. It’s prevalent - found 
in the gut microbiome of up to 50% of individuals, and abundant - can 
represent up to 90% of viral sequencing reads in a stool 
metagenomic dataset. However, crAssphage has not been 
demonstrated to have an impact on host health or biology. 

Given previously demonstrated vertical transmission of bacteria and 
the high prevalence of crAssphage, we hypothesized that 
mother-infant transmission could be responsible for crAssphage 
colonization in infants. 

Electron micrograph of a 
representative crAssphage, from 
Shkoporov et al. (2018). This phage 
is a member of the Podoviridae and  
infects Bacteroides Intestinalis.

We examined two public stool shotgun metagenomic datasets:
Methods

Metagenomic classification
We built a Kraken2 database containing all viral sequences of genome, 
chromosome or scaffold quality in GenBank. Samples were considered 
crAssphage positive if they had >1000 reads  (roughly 1x coverage) classified 
to the crAssphage reference genome.  

Genome assembly and comparison
Metagenomic assembly was performed with metaSPAdes, crAssphage 
contigs were pulled out by aligning to the reference genome with BWA, and 
pairwise alignments were performed with the nucmer suite of tools. 

Strain diversity
Variants were called with Snippy, and multiallelic sites were classified as 
SNPs with multiple alleles and ≥5 reads supporting each allele. Variant 
effects were predicted with SNPEff.

- 98 families
- Mother sampling at birth
- Infant sampling at birth, 4 and 12 
months

Yassour et al. (2018) Bäckhed et al. (2015)
- 44 families
- Mother sampling at -3, 0, 3 months 
relative to birth
- Infant sampling at birth, 2 weeks, 1, 
2 and 3 months 

Mother 
microbiome

A

AA

A

A

A

A
A

A B

B

B
B

C

C

D

D

Infant 
microbiome

A
A

A

AA

A

A
AA

B

B

B

CrAssphage is not detected in infant microbiomes at birth, increases 
in prevalence with age, but doesn’t reach the level of adults by 1 year

Mothers and infants share nearly identical crAssphage genomes in 
40% of cases, suggesting vertical transmission

Infants have reduced crAssphage strain diversity and typically acquire 
the mother’s dominant strain upon transmission
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Strain diversity is mostly the result of neutral genetic variation, but 
infants are have more nonsynonymous changes than mothers

We used SNPs with multiple high quality alleles detected 
to compare strain diversity between samples. A 
background distribution (null model) is calculated by 
predicting the effect of every possible genomic change in 
the crAssphage reference genome.

Guerin et al. (2018) proposed 4 subfamilies and 10 clusters for crAss-like phages. The crAssphage 
described here (also called prototypical crAssphage) falls into the Alpha subfamily, cluster 1. We 
observe a similar trend of increasing crAss-like phage prevalence with infant age, and a putative 
transmission rate of 29%. Additionally, presence of a crAss-like phage is strongly statistically 
associated with vaginal birth as opposed to cesarean section. Is vaginal birth responsible for 
crAss-like phage transmission, or for seeing microbes that crAss-like phages predate on? Future 
studies with more balanced cohorts are needed.
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Strain diversity varies across the genome, and tail fiber genes are 
enriched for strain diversity with nonsynonymous variants

These findings extend to crAss-like phages. Vaginally born infants are 
more likely to have crAss-like phages than those born via C-section 
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Does strain variation in tail fiber genes expand the host rage 
of crAssphage? Is variation suppressed in essential capsid, 
portal and RNAP genes?
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