
of microbiota studies much more difficult. A prominent study that
claimed to identify a fecal microbiota signature associated with type
2 diabetes was later found actually to have identified a signature for
patients taking metformin instead; the effects of this drug on the
microbiota were far greater than the effects of the disease itself.
These results highlight the importance of controlling for clinical
variables in microbiota studies.

Antibiotics are the most obvious and best-studied class of drugs
that modulate the microbiota. Multiple groups have demonstrated
that antibiotics exert a considerable effect on the gut microbiota by
depleting antibiotic-sensitive strains. What is more surprising is that
many strains resistant to the antibiotic tested are also eliminated.
This observation highlights the intricate microbe–microbe
interactions that are fundamental to maintenance of the overall
microbial community. For example, treatment with ciprofloxacin,
which has little to no activity against clinically relevant anaerobes,
leads to a loss of roughly one-third of the bacterial taxa in the gut.
This broad effect is likely mediated by the depletion of certain
“keystone” species that are required for the persistence of other,
unrelated species. While many of the observed antibiotic effects
(e.g., loss of specific taxa) are shared across many different
individuals, some effects vary greatly among people. For example,
studies found that microbiota recovery following antibiotic treatment
differed significantly in terms of timing and degree. The microbiota of
most healthy people who received ciprofloxacin for 5 days had
completely recovered within 4 weeks, whereas microbiologic
changes lasted up to 6 months in other individuals. Moreover, the
degree of variation was compounded by repeated antibiotic
administration, with fewer individuals reverting to their baseline
microbiota after a second course of ciprofloxacin given 6 months
after the first. These findings are consistent with those of microbial
ecology experiments, which also showed that this type of repeated
disturbance leads to less predictable results.

Lifestyle Many seemingly innocuous lifestyle decisions can impact
the human microbiota. For example, a person’s skin and fecal
microbiotas are more similar to those of their household members,


