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An n=1 case report of a child with autism improving on
antibiotics and a father’s quest to understand what it
may mean
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The author, a parent of a child with autism, describes an n =1 case in which his child’s autism symptoms
dramatically and rapidly improved following administration of a common antibiotic. The author asserts that
this finding is not unusual in the autism population and that, when combined with prior recent medical
research, suggests that a link between autism and the microbiome in some children is not just plausible, but in
fact likely for some meaningful percentage of cases. The author argues for increased funding for a more
thorough examination of links between autism and the microbiome and poses a series of questions to be

further examined in future research.
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quiet time with family, unless both of your young

children contract strep throat while visiting family
as ours did in 2012. Because it was a holiday, my wife
and I took them to an extended-hours clinic, where
a physician confirmed strep via a rapid strep test and
prescribed a 10-day course of amoxicillin, one of the most
commonly prescribed antibiotics in the United States.
Neither had received an antibiotic before and in 2 days
they seemed back to normal. This would not be a very
interesting story except for what happened next.

Earlier that year our son had been diagnosed with
moderate-to-severe autism by a team of clinicians and
practitioners at Children’s Medical Center in Dallas,
Texas. On day four of his 10-day course of amoxicillin,
we began noticing changes in his autism symptoms: he
began making eye contact, which he had previously
avoided; his speech, which was severely delayed, began
to improve markedly; he became less ‘rigid’ in his insis-
tence for sameness and routine; and he also displayed an
uncharacteristic level of energy, which he had historically
lacked. The improvements continued each day. On day six
he rode a tricycle around the room for the first time, alone
and unprompted, which was remarkable because we had

Thanksgiving Day in the United States is usually a

purchased the tricycle 6 months earlier and had worked
with him continuously so he could learn to ride it, however
until that point, he had never so much as been able to push
the pedals enough to move forward.

Although we had previously seen transient improve-
ment in our son’s autism symptoms when he had a fever,
as others have documented (1), he had no fever now and
we had never seen any improvement of this magnitude.
Some may question the accuracy and validity of parental
observations. Since his diagnosis I have used customized
software to track more than 20 different parameters of his
autism with a rating system that I devised. In addition, the
software allows me to capture daily qualitative observa-
tions. I feel confident the improvements we saw were real,
significant, and unprecedented. It is important to note
that, in addition to my own observations, his therapists
made unsolicited comments about how much better he
seemed, although they were unaware of the antibiotic he
was taking at that time or of my perceptions of his gains. I
would encourage any parent that believes they are obser-
ving a similar phenomenon to take detailed, careful notes
and obtain as much video documentation as possible,
because such information may prove useful in the future.
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Why so little study?

The obvious questions I asked were “what was happen-
ing?” and, “why were we seeing these improvements?”” We
asked other parents of children with autism spectrum
disorder (ASD) and many had observed similar changes
while taking antibiotics. In fact, we discovered, much to
our surprise, that many parents of autistic children
routinely give their children antibiotics to improve their
symptoms. It should also be noted, however, that we later
also heard from some parents that felt that their
children’s autism symptoms became worse when they
received antibiotics, whereas still others felt that that their
children’s autism only arose after repeated or long-term
antibiotic use. In my view, these stories are not contra-
dictory but rather reinforce the notion that an antibiotic
can create an effect in autism. I was determined to better
understand this phenomenon because I believed that if
we could understand the biological basis of his improve-
ments, we might gain insight into how autism works and
be able to help him.

To try and understand the link between autism and
antibiotics further, I reviewed the medical literature and
found a single relevant paper that described a clinical trial
that gave vancomycin, an antibiotic that is not systemi-
cally absorbed when taken orally, to a small group of
severely autistic children as part of a clinical research
study at Chicago Rush Children’s hospital (2). Eight out of
ten of these children experienced a marked improvement
in their autism symptoms. The authors speculated that
the improvements were likely triggered by changes in the
gut microbiome resulting from the antibiotic. I looked for
additional studies, directly related to this ‘antibiotic effect’
in autism. I found none.

To this day I remain confused by the lack of follow-up
studies on this commonly observed phenomenon. Despite
the alarming rise in autism (discussed below), we still do
not know what autism is. There are no universal medical
treatments and a mechanism or etiology remains elusive.
Yet, I personally witnessed evidence that this seemingly
intractable condition could be rapidly and dramatically
ameliorated in response to an antibiotic, at least for some
children, but surprisingly there were no attempts to repeat
this study, even as a means to study it mechanistically or to
subtype patients.

The latest numbers from the US Centers for Disease
Control and Prevention (based on data for 2010) estimate
the prevalence of ASD to be 1:68 (and 1:42 for boys) (3).
The prevalence estimates rise every year the statistics are
compiled. One study put the number as high as 1:29 (4). It
is difficult to think of another medical condition with such
a wide and growing prevalence that science cannot say
what it is: neurological, genetic, infectious, autoimmune,
metabolic? All of the above? Although it is almost
certainly a heterogeneous condition, for years the con-
ventional wisdom has been that autism is a developmental

disorder, largely driven by genetics where the associated
behaviors and symptoms are a by-product of abnormal
neuronal development and connectivity. When our child
was diagnosed we were told, like so many other parents,
‘We don’t know what it is, but he will not just outgrow it’.
The conventional view suggests it is a ‘wiring’ problem,
but the evidence we observed on Thanksgiving of 2012
suggested something very different.

After speaking with some of the original authors of the
Sandler et al. paper (2), as well as other key researchers in
the field, I found that there was substantial interest in
continuing the investigation into this ‘antibiotic effect’ and
in exploring the links between autism and the microbiome.
The consistent message I heard from researchers, however,
was that it was almost impossible to get funding for pro-
jects like these from the handful of public and private
organizations that fund autism research because most in
those organizations simply do not believe that there is
enough evidence that a link exists - it does not fit the cur-
rent paradigm of a genetically driven cause for ASD. If the
history of science has taught us anything, it is that real
breakthroughs do not occur until paradigms shift, and
that that process can be messy and full of controversy (5).

Growing evidence of a link
In reviewing the literature, I have come to rely on a
handful of papers to serve as a starting point for what
may be going on (2, 6-9). The good news is that this area
seems to be gaining momentum, though not because of
an improvement in the funding picture, but because the
scientific evidence of a link seems to be accumulating.
The evidence suggesting a link between autism and
alterations in the microbiome,' at least for some children,
is strong and continues to build in momentum: several
studies have now shown that, compared to neurotypical
children, children with autism as a group have composi-
tional changes in their gut microbiomes, as well as less
species diversity (6, 8—15). Some papers have found
species in children with autism that they did not find in
controls, for example (6, 8). A recent meta-analysis of all
autism and gut microbiome studies concluded that there
were consistent differences in the gut bacteria of groups
of ASD patients compared to healthy controls, although
the compositional differences were inconsistent (16). This
is not surprising given the great variation in our diets
(a powerful driver of gut microbiome composition) (17),
or the restrictive food interests and specialized diets of
many ASD children. The lack of standardized approaches,
including what type of sample is used (stool vs. biopsy),

'In this paper, the term microbiome is primarily used to mean the collection of
bacteria that live on and in humans, the vast majority of which reside in the
gut. However, this definition is incomplete as it does not also include
the myriad of archaea, yeasts, fungi, protists, viruses, etc., that comprise the
human microbial ecosystem and contribute to its genetic and metabolic
diversity.
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collection techniques, and how the samples are analyzed,
could contribute to inter-study variances. However, the
point remains that regardless of experimental conditions,
when examined, children with autism have consistently
been found to have differential gut bacterial composi-
tions, compared to controls.

How might such differences come about?

If one accepts the premise that there are differences in the
gut microbiome of ASD vs. neurotypical children (and
more research needs to be done on this alone), a logical
question is how and when during development might this
come about? Intriguing evidence has come from a very
recent study showing gut microbiome variations in the
maternal immune activation (MIA) mouse model of
autism (7). In this well-studied model, pregnant mice
are given a simulated infection, which triggers an immune
response. The male offspring of those pregnant immune-
activated mice develop autism-like symptoms (7, 18-21).
More recently, the offspring were found to have different
gut bacterial compositions compared to controls. What is
striking about this finding is that from birth these mice
were grown under identical lab conditions and received
identical food (7) — something that could not be done
with human subjects. Regardless of whether this parti-
cular mouse model is representative of autism, the fact
that a prenatal, immunological event results in a different
gut microbiome under highly controlled conditions is a
fascinating finding. This finding suggests that the differ-
ences seen in the gut bacteria of the mice were not a result
of chance but perhaps allowed or enabled by the changes
provoked by the mother’s simulated infection. The ques-
tion of how this process occurs and what it means becomes
critical here, and it is an important one to investigate
thoroughly as we may be flirting with a core mechanism
of the development of autism. Do the emergent autistic-
like behaviors exhibited by the mice arise from changes
provoked by the maternal infection or the shifts in the gut
microbiota that develop? Interestingly, many of the young
mice’s autistic behaviors were corrected by the adminis-
tration of a bacterial probiotic (7).

Could there be microbes that are required for normal
development? As mentioned earlier, some parents feel
that repeated or long-term antibiotic use was a trigger for
their child’s autism. It is frequent topic of public debate
that antibiotics are overused. The gut microbiome of
newborns and babies change and mature dramatically in
the first few years of life (22, 23). Is it possible that in some
cases disrupting the development of gut microbiome
through repeated antibiotic use early in life could set the
stage for the development of autism in some children?

As described in Sandler et al. (2), as well as anecdotally
according to parents who have seen a similar antibiotic
effect, when the drug is withdrawn, the children lose their
gains or at least stop making them. Is this a sign that

An n=1 case report of a child with autism

the source of improvement is a result of some yet unknown
action of the antibiotics or a result of the gut flora re-
turning to its previous state? It is possible that the mecha-
nism could be due to the antibiotic working in some
non-antimicrobial way we are not familiar with. How-
ever, the fact that some lose their gains quickly (days)
following removal of the antibiotic, whereas others lose
them slowly (weeks and months) and still others keep
their improvements, seems more consistent to me with
changes in gut microbiome brought about by the anti-
biotic rather than some non-antimicrobial action of
the antibiotic. Although it is known that most antibiotics
have dramatic effects on the gut microbiome (24), the
degree to which it recovers following withdrawal of
an antibiotic is variable from person to person (25).
Does this return to a previous state coincide with the
return of ASD symptoms in those antibiotic-responders?
Any study of these responding children should closely
examine the relationship between the return of autism
symptoms (or loss of gains) and the return of the gut
microbiome to a stable state.

What might cause differences in the gut microbiome
in children with ASD to begin with? Hsiao et al. showed
one possible trigger, in the animal model used, was an
early immunological event; but, by what mechanism
might this occur? Is it possible that in some cases of autism
there is an immunological shift that permits some po-
tentially problematic species to thrive or that blocks
colonization by other beneficial species? Or could the
altered microbiome simply be a by-product of an ASD-
induced alteration in the physiological conditions of the
gastrointestinal tract (e.g. altered nutritional adsorption,
pH, redox states) that favor a different ecological land-
scape in the guts of these children, much like different
climates on Earth favor different plants and animals?
Is there such a thing as an autism-driven ecology that is
a by-product of autism but that contributes to some of
its symptoms?

What might be going on and by what
mechanism?

Many people think they know why some children with
autism have a positive response to antibiotics. I do not.
Many parents and even clinicians strongly believe that
the benefits seen from antibiotics are a result of killing a
specific, problematic bacterium. This view has the benefit
of simplicity and fits the limited data well; however,
the problem is that despite some extensive searching, a
‘bad’ bacterial species responsible for autism has not yet
been found. That is not to say that one may not be found.
Indeed, the current approach to the identification of
bacterial species using 16S ribosomal RNA gene libraries
necessitates that we know what we are looking for in
advance; however, the bacterial species ‘catalogs’ that sci-
entists use with this technique are incomplete. It is also
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theoretically possible that a so-called ‘bad’ species
could have a 16S region so similar to that of another
known species that it could be practically invisible using
this particular characterization technique. Importantly,
knowing which species are present does little to tell us
about what they are capable of doing.

Although the concept of a ‘bad’ species in ASD is se-
ductive, other hypotheses need to be considered and
studied in parallel. Instead of the presence of a ‘bad’
species, perhaps it is the absence of certain beneficial
species that is important. Moreover, the entire construct
of species may be the wrong one. Bacteria frequently
share DNA in ways that are foreign to our human way
of thinking. A more beneficial construct may be to think
about the functional genome or even metabolic capability
or output of the microbial community (26). Such a para-
digm shift may put the disparate findings of those early
studies that have looked at gut bacterial composition in
ASD in a whole new light or may even render that way
of thinking an impediment to what is really going on.
Thinking about species may be a case of not being able
to see the forest for the trees.

Recent advances in the field of metabolomics have
dramatically improved the number of metabolites that
can be detected and characterized. A meaningful percen-
tage of those metabolites are by-products of microbial
ecology (27), any number of which could be interfering
with core cellular metabolism, gene regulation, neuronal
transmission, or other perturbations commonly observed
in autism. Hsaio et al. showed that the metabolite 4-ethly-
phenyl sulfate (4EPS) was found at levels 46 times higher
in the affected mice compared with controls. After rescue
by a probiotic, the levels of 4EPS dropped to normal.
When 4EPS was injected into the bloodstream of healthy
mice, they developed some of the abnormalities seen in
the MIA mice (7). MacFabe et al. have reported similar
findings for propionic acid, a short-chain fatty acid that
is a known fermentative by-product of certain gut micro-
bial species and that is also used as a preservative by
the food industry (28-30). These findings argue for
further investigations into the possible role of microbial
metabolites in ASD.

Much exciting autism research in recent years has been
devoted to the metabolic abnormalities commonly ob-
served in autism, in particular those related to mitochon-
drial pathways (20, 31-33). Historically this work was not
linked to the microbiome, however, this is beginning to
change (21, 28, 34). Indeed the metabolic and catabolic
processes of our mammalian cells and the microbiome
may be an intricate biochemical dance — one that works
well in health but improperly in autism.

Although it is possible that metabolic by-products of
the microbiome such as 4EPS are directly responsible for
some behaviors associated with autism, it is also possi-
ble that alterations of the microbiome may somehow

dysregulate immunity and lead to the formation of auto-
antibodies. The proposed molecular mimicry mechanism
of PANDAS (Pediatric Autoimmune Neuropsychiatric
Disorder Associated with Streptococcal infections), which
sometimes co-occurs with autism, serves as one example
of where the presence of certain bacteria is thought to
create antibodies reactive with the basal ganglia resulting
in behavioral abnormalities (35).

In summary, there is no shortage of proposed mechan-
isms: presence or absence of certain species or functional
genes, metabolic by-product or toxin, molecular mimicry,
provocation of cellular or immune hyper-responsiveness,
and others. Each proposed mechanism has its own in-
triguing strands of evidence and plausibility worth
consideration and further inquiry.

A way forward

There is compelling evidence of a link between autism
and the microbiome in at least a subset of children. Are
the microbial abnormalities observed in autism merely a
superfluous by-product of autism, or are they at the root
of its cause or symptomology? Science will eventually tell
us, but for me the simple fact that my child and many
others like him improved dramatically while taking an
antibiotic suggests the latter.

The true devil, however, will be in the details: long-
term use of antibiotics does not seem like a good option
or treatment approach because of its potential to further
disrupt the microbiome and promote resistance. To
tease apart what may be going on will take a tremendous
commitment of resources and can only be done in a
highly collaborative, multidisciplinary way. To even begin
to address some of the questions posed in this paper
requires expertise in disparate fields of medicine and
science (Fig. 1), many of which have historically had little
reason to collaborate. Such cooperation will require a
departure from the typically siloed nature of medical
research and (perhaps more importantly) how grants are
made. But it can be done, indeed it must be done!

AUTISM

©N of One

Fig. 1. Converging fields in the study of ASD.
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In early 2014, I formed the N of One: Autism Research
Foundation, with the mission of encouraging, sponsoring,
and communicating breakthrough autism research. Our
focus is to garner support for promising research areas
that we believe are not receiving sufficient funding relative
to their scientific merit. Additionally, we favor research
that treats the observations of parents and doctors as clues
to the mechanism of autism. Research into the micro-
biome’s role in ASD fits both of those conditions well.

In February of 2014, working with Dr. Richard Frye
at Arkansas Children’s Hospital, we came up with the
idea of assembling an interdisciplinary group of experts
to address what could be done to further investigate the
antibiotic effect first documented in 2000 (2). This group
included both Dr. Sydney Finegold and Ellen Bolte,
authors of that original paper. The group considered in-
vestigations into the microbiome and autism that might
provide insight into mechanism or therapeutic benefit.
An in-person meeting was held on June 27, 2014, in Little
Rock, Arkansas, to discuss further the development of
a clinical research trial. An additional day was set aside
to conduct a conference, free and open to the public, de-
dicated to topics surrounding autism and the microbiome.
The point of the conference was to increase awareness
of possible links between autism and the microbiome and
to bring together interested members of the scientific
community as well as parents to discuss, collaborate,
and exchange ideas on this subject. That same group
of researchers decided to publish this special issue, and
I am proud and honored to be a part of that group.
I am appreciative that scientists and clinicians would ask
an ordinary parent to contribute to this journal.

At the time of his diagnosis, we had been led to believe
that our son’s autism was a hard-wired neurological con-
dition from which he would not emerge, but during the
fall and winter of 2012 and subsequent periods since then
we have seen our son with the veil of autism partially
lifted. I love him unconditionally regardless of his autism
or how he is doing on any given day, but because I have
seen what is possible, I will endeavor to promote research
that benefits all children with autism and to remove all
impediments from him becoming the fullest embodi-
ment of who he can be and until it is definitively proven
otherwise, I will strive to foster research consistent with
the evidence of the microbiome’s involvement in autism.
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