
ASV in the SD community was Escherichia-Shigella, with
major contributions also from Erysipelatoclostridium,
Faecalibacterium, Subdoligranulum, Sutterella, Blautia,
and Roseburia. The predominant ASVs in the SI com-
munity were several lineages of Bacteroides and
Streptococcus, as well as Clostridium innocuum and
Granulicatella. Some ASVs were found in both groups
(e.g. Erysipelatoclostridium, Bacteroides, Blautia,
Romboutsia, and Ruminococcus gnavus) however at
differing PP (Figure 2(b)). Using leave-one-out cross-
validation [36] the trained model predicted direction
of ASNase change in 73% of the replicates (AUROC
¼ 0.75). Although prediction accuracy is promising,
the limited number of samples requires further valid-
ation in additional datasets to determine extent to
which the model has broad applicability and its abil-
ity to predict change in serum ASNase.

Functional capacity of the gut microbiomes was
determined from metagenomic sequences. In particu-
lar, we identified counts of ASNS and ASNase genes,

ansA and ansB, in the gut bacteria of 14 samples.
Mean counts of ASNS (155, range 6–320) differed signifi-
cantly (p¼.007) between SI and SD samples (Figure 3(A)),
and were negatively correlated with change in serum
values (R2¼0.51, p¼.004; Figure 3(B)). Mean counts of
neither ASNase genes, ansA (165, range 63–331) or
ansB (65, range 4–180), differed significantly between
SI and SD (p¼.52; p¼.24 respectively; Figure 3(A))
and were not correlated with change in serum values
(p¼.84; p¼.4 respectively; Figure 3(B)). We assessed
linear regression models to examine the relationship
between gene counts (ansA, ansB, and ASNS), age,
gender, disease risk, days between stool collection
and dose, days between doses, dose number, and
serum ASNase level at previous dose, at predicting
change in serum ASNase levels. Model selection
using lasso and backward elimination identified
ASNS counts (p¼.001), dose number (p¼.005), age at
diagnosis (p¼.006), previous serum ASNase levels
(p¼.02), and ansA counts (p¼.09), in a model to
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Figure 2. Community structure identified from BioMiCo analysis. (A) Posterior probabilities (mixture weights) for the predominant
assemblages associated with the SI and SD gut communities. (B) Network of ASVs that comprise the SI- and SD-associated
assemblages. Solid edges show connections between ASVs in SI predominate assemblages in the SI community and SD predomin-
ate assemblages in the SD community. Node sizes are the weighted-sum of the posterior probability of an ASV in the involved
(SI or SD) assemblages. Only ASVs with weighted-sum of PP >0.01 in either SI- or SD-associated assemblages are shown.
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distance, which takes into account relative abundance
of taxa and their phylogenetic relationships, was com-
puted from 16S rRNA sequence data pairwise between
samples and visualized using principal coordinate ana-
lysis. Samples with more similar microbial communities
have smaller distances and will cluster closer together.
Comparison of distances within and between groups
can be performed (PERMANOVA) to examine if microbial
communities differ. Beta diversity inferred from 16S
rRNA sequence data for these samples revealed differen-
ces in the community composition associated with both
age (p¼.004, R2¼0.13) and change in serum ASNase lev-
els (p¼.016, R2¼0.108) (Figure 1). Interestingly, the effect
of age and ASNase change on microbial community
composition was largely orthogonal (Figure 1) suggest-
ing compositional differences based on age were differ-
ent from change based on ASNase activity.

Bayesian inference of community structure [29]
applied to 16S rRNA ASVs identified five predominant
species-assemblages (Figure 2(a)) accounting for 0.95 and
0.78 of the posterior probability (PP) of SD and SI cases,
respectively, with a unique mixture in the structure for
the SD and SI associated microbial communities. Fifty-
two ASVs (PP >0.01) contributed to one or more of
these assemblages. Since assemblages do not make
equal contributions to the two communities, the relative
contribution of each ASV to SD and SI must be weighted
according to its membership in each community assem-
blage. Following weighting, 30 ASVs had PP >0.01 for
either SD or SI communities; their structure is shown in
the cytoscape [35] network (Figure 2(b)). Several ASVs
were identified as predominant in either the SD or SI
community, and made a large contribution to the differ-
ence between their structures. The largest contributing

Figure 1. Beta diversity, shown as a Principal Coordinate Analysis ordination plot using the weighted Unifrac metric obtained
from 16S rRNA sequences of stool samples from ALL patients. Each point represents a sample and the distance between points
indicates the similarity of those points. (A) Samples are labeled by their serum change category: serum increase (SI) circles, serum
decrease (SD) squares. (B) Samples are labeled by age group: over 3 (O3) squares, under 3 (U3) circles.
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