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Do gut reactions to antibiotics lead to sex dependent changes in behavior
following neonatal immune challenge?
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It has been established that early life perturbations to the devel-
oping brain, immune, and neuroendocrine systems play a significant
role in the developmental origins of anatomy, physiology, and behavior
(Bilbo, 2013; Fleming et al., 2018). These perturbations may take the
form of a diverse array of stressors, both processive and systemic
(Anisman and Merali, 1999), that impart critical influences on lifetime
health as demonstrated by both human and animal studies (Fleming
et al., 2018). Given that the gut-brain axis develops simultaneously
alongside neural, endocrine and immune pathways suggests that early
life challenges to this system may also have an impact on its matura-
tional trajectory and be influential on later life health outcomes (Borre
et al., 2014). It is these concepts, among others, that Sylvia et al (2018)
explore in this issue of Brain, Behavior, and Immunity.

A renewed interest in the modulatory effects of the microbiome on
both physiology and behavior has led to the evolution of our under-
standing of this system. The microbiome is now understood to have a
pivotal role in organism functioning, a concept even emerging as a
dominant topic in the popular press (e.g. Pontin, 2018). Studies in-
vestigating the microbiome frequently utilize germ free animals, how-
ever these animals do not adequately represent our natural environ-
ment where we are surrounded by a plethora of bacteria, fungi, and
viruses. Alternatively, direct manipulation of the microbiome can be
exploited by employing antibiotic treatments. Indeed, using antibiotics
as a tool has revealed sex-dependent associations between the diversity
of the gut microbiome and social behaviors in adult animals (Sylvia
et al., 2017; Sylvia et al., 2018). Not surprisingly, early life exposure to
antibiotics also affects the diversity of microbial colonization and has
been implicated in later life anxiety-like behavior (Borre et al 2014),
highlighting the role of the microbiome across the lifespan.

In their most recent work, Sylvia et al (2018) sought to determine
whether exposure to early life inflammation affects the composition of
the gut microbiome and its influences on behavior in response to an
antibiotic ‘stressor’ exposure in adulthood. Using a dual-administration
protocol, male and female Siberian hamsters were given 50 μg/kg of
lipopolysaccharide (LPS) or sterile saline on postnatal days (P)3 and 5.
In adulthood, animals were assigned to receive an oral administration
of either sterile water or the broad spectrum antibiotic enrofloxacin
(ABX; Baytril) daily between P72 and P78. Using 16 s rRNA sequencing

methods, fecal samples collected at defined time points across devel-
opment (e.g. weaning, pre-, and post- ABX treatment) were evaluated.
In parallel with others, Sylvia and colleagues did not find that microbial
communities differed substantially between male and female animals,
nor as a consequence of postnatal LPS challenge alone (Kentner et al.,
2018; Sylvia et al., 2018). However, the authors extend upon these
findings by demonstrating that a secondary challenge with ABX in
adulthood significantly altered the composition of the gut microbiome
as a function of early life inflammatory experience. Moreover, neonatal
LPS and adult ABX treatments were associated with sex dependent ef-
fects on anxiety-like behaviors. Combined, these data suggest that early
life inflammatory challenges may leave individuals ‘primed’ for altered
gut-mediated behavioral responses to subsequent stressors encountered
across the life span (Sylvia et al., 2018). This view is in line with pre-
vious work (see Bilbo, 2013) demonstrating that the underlying im-
mune and behavioral programming effects of early life immune acti-
vation may not be apparent until there is a secondary challenge (in this
case antibiotics) in later life.

The sex specific nature of the neurobehavioral outcomes that follow
stressors, either in isolation or against a background of perinatal in-
flammation, contribute additional complexity to our understanding of
brain and behavior. However, these differences inform us of important
methodological considerations such as the developmental timing of
stressor exposure. For example, Sylvia et al. (2018) observed that a
single ABX treatment was sufficient to induce aggressive behavior in
older female hamsters while two treatments were required for males. In
the present study however (Sylvia et al., 2018), only male investigative
and self-directed grooming behaviors were altered by antibiotics in
younger adult animals, either in isolation or combined with neonatal
inflammatory challenge. Other studies have also reported sexually di-
morphic responses as a function of the developmental timing of stressor
exposure (Giovanoli et al., 2013; Kapoor et al., 2009). Future in-
vestigations will need to evaluate how neuroendocrine, immune, and
gut-brain mechanisms converge and how the developmental trajectory
of these systems differ by sex.

Furthermore, Sylvia et al (2018) highlight the importance of con-
sidering an organism’s previous experience within their present context,
when trying to understand and interpret biological outcomes associated
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with stressor exposure. Taking a developmental time course perspective
across the lifespan may provide us with better insight into the inter-
actions between multiple stressors (both homotypic and heterotypic)
and body systems (e.g. CNS, immune, microbiome), compared to the
typical research approach of focusing on one type of stressor or body
system in isolation. While the clinical translation of this work can only
be speculative at this point, the study by Sylvia and colleagues (2018)
raises the intriguing possibility that early life immune activation may
program our neurobiological responses to antibiotic exposure in
adulthood, as mediated via the microbiome. However, this possibility is
not exclusive to antibiotics as these findings are in line with previous
evidence demonstrating early programming effects to stressors in gen-
eral (Giovanoli et al., 2013; Kapoor et al., 2009; Bilbo, 2013). The
evidence provided in the current study offers insight into the widely
studied issue of how antibiotics affect not only our microbiome but also
have further implications systemically on one’s health and social be-
havior (Sylvia et al., 2018). There is a multitude of current research that
confirms the relationship between the gut microbiome and other body
systems. Yet, now, more studies are investigating further into the effects
the gut microbiome can possibly have on host social behaviors (Münger
et al., 2018). It is now apparent that a better understanding of the
mechanisms underlying gut-brain axis development and its intricate
interactions between different body systems will be fundamental to our
understanding of health and behavior across the lifespan.

References

Anisman, H., Merali, Z., 1999. Understanding stress: characteristics and caveats. Alcohol

Res. Health 23, 241–249. https://pubs.niaaa.nih.gov/publications/arh23-4/241-249.
pdf.

Bilbo, S.D., 2013. Frank A Beach Award: programming of neuroendocrine function by
early-life experience: a critical role for the immune system. Horm. Behav. 63,
684–691.

Borre, Y.E., O’Keefe, G.W., Clark, G., Stanton, C., Dinan, T.G., Cryan, J.F., 2014.
Microbiota and neurodevelopmental windows: implications for brain disorders.
Trends Mol. Med. 20, 509–518.

Fleming, T.P., Watkins, A.J., Velazquez, M.A., Mathers, J.C., Prentice, A.M., Stephenson,
J., Barker, M., Saffrey, r., Yajnik, C.S., Eckert, J.J., Hanson, M.A., Forrester, T.,
Gluckman, P.D., Godfrey, K.M., 2018. Origins of lifetime health around the time of
conception: causes and consequences. Lancet 391, 1842–1852.

Giovanoli, S., Engler, H., Engler, A., Richetto, J., Voget, M., Willi, R., Winter, C., Riva,
M.A., Mortensen, P.B., Feldon, J., Schedlowski, M., Meyer, U., 2013. Stress in puberty
unmasks latent neuropathological consequences of prenatal immune activation in
mice. Science 339, 1095–1099.

Kapoor, A., Kostaki, A., Janus, C., Matthews, S.G., 2009. The effects of prenatal stress on
learning in adult offspring is dependent on the timing of the stressor. Behav. Brain
Res. 197, 144–149.

Kentner, A.C., Khan, U., MacRae, M., Dowd, S.E., Yan, S., 2018. The effect of antibiotics
on social aversion following early life inflammation. Physiol. Behav. 194, 311–318.

Münger, E., Montiel-Castro, A.J., Langhans, W., Pacheco-López, G., 2018. Reciprocal
interactions between gut microbiota and host social behavior. Front. Integr. Neurosci.
12, 21. https://doi.org/10.3389/fnint.2018.00021.

Pontin, J., 2018. The 19th-Century Crank Who Tried To Tell Us About The Microbiome.
Wired, June 15, https://www.wired.com/story/the-19th-century-crank-who-tried-
to-tell-us-about-the-microbiome/.

Sylvia, K.E., Deyoe, J.E., Demas, G.E., 2018. Early-life sickness may predispose Siberian
hamsters to behavioral changes following alterations of the gut microbiome in
adulthood. in press. Brain Behav. Immun. https://doi.org/10.1016/j.bbi.2018.07.
001.

Sylvia, K.E., Jewell, C.P., Rendon, N.M., St. John, E.A., Demas, G.E., 2017. Sex-specific
modulation of the gut microbiome and behavior in Siberian hamsters. Brain Behav.
Immun. 60, 51–62.

A.V. Speno, A.C. Kentner Brain, Behavior, and Immunity 73 (2018) 165–166

166

https://pubs.niaaa.nih.gov/publications/arh23-4/241-249.pdf
https://pubs.niaaa.nih.gov/publications/arh23-4/241-249.pdf
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0010
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0010
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0010
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0015
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0015
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0015
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0020
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0020
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0020
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0020
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0025
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0025
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0025
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0025
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0030
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0030
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0030
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0035
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0035
https://doi.org/10.3389/fnint.2018.00021
https://doi.org/10.1016/j.bbi.2018.07.001
https://doi.org/10.1016/j.bbi.2018.07.001
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0055
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0055
http://refhub.elsevier.com/S0889-1591(18)30379-9/h0055

	Do gut reactions to antibiotics lead to sex dependent changes in behavior following neonatal immune challenge?
	References




