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Abstract
Autism spectrum disorders (ASDs) are neurodevelopmental disorders that present with social skills and
communication challenges, restricted interest, and repetitive behavior. The specific cause of autism is not
well understood yet. However, numerous studies indicated that environmental and genetic factors,
dysregulated immune response, and alterations to the balance and content of the gut microbiota are
implemented in the development of autism. Many non-pharmacological interventions are nominated to
manage autism, including family support services and psychoeducational methods. Moreover, different
pharmacological therapy modalities are recommended for children with ASD. Learning more about the brain,
immune system, and gut connections could assist in early diagnosis and treatment of this devastating
neurodevelopmental disorders as an early intervention in ASD could improve a child's overall development.
We gathered data from relevant previously published articles on PubMed to evaluate the role of the gut
microbiota and the immune system on the development of autism.
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Introduction And Background
Compared to other body areas, the gut has the most significant number of microorganisms, more than a
trillion, with various species [1]. Gut Microbiota referred to microorganisms that live in our digestive tract; it
is crucial for our health [2]. Altered gut microbiome composition called Dysbiosis is associated with many
inflammatory diseases, obesity, auto-immune diseases, and cancers [3-5]. There are numerous
communication paths between the gut and the brain through the short-chain fatty acids, immune system,
and vagus nerve [6]. Any imbalance in gut microbiota can affect these paths, modulate brain functions, and
result in many neuropsychiatric disorders [6]. Understanding the molecular and cellular modifications co-
occurring with Dysbiosis might help developing new treatment approaches [5]. The priority could be re-
establishing gut microorganisms’ diversity by introducing certain microbes, fecal transplant therapy, and
using specific drugs, antibiotics, or probiotics [5].

Autism spectrum disorders (ASDs) refer to a wide range of disorders present with social skills and
communication challenges, restricted interest, and repetitive behavior [7,8]. The rate of autism has been
dramatically increasing worldwide and also in the United States [9,10]. As reported by the Center for Disease
Control and Prevention (CDC), autism affects one out of 59 children in the United States, with boys four
times more likely to be impacted than girls [11]. Autism signs can develop slowly and become apparent in
early childhood [9]. Brain changes in autism are not restricted to a single brain region; different
neuroimaging techniques detected structural abnormalities in various brain areas of autistic children such
as the limbic system, corpus callosum, temporal and frontal cortex, cerebellum, and basal ganglia [12]. Signs
and symptoms of autism may include but are not limited to repeating specific behavior, difficulty adapting
when a routine change, and avoiding eye contact. 

The precise etiology of autism is not yet known [13,14]. However, evidence indicated that genetics and
environmental factors, abnormal immune response, and altered gut microbiota composition are linked to
the development of autism [15-17]. Regarding genetic elements, it is speculated that some genetic
mutations arise in the majority of children with autism [18]. Notably, not all genetic modifications follow the
same pattern; they encompass numerous types of mutations [18]. Of these mutations, autism has been
linked to a transformation of methyl binding protein 2 (mecp2) and genetic polymorphism of cytochrome
P450 enzymes (CYP450), specifically, CYP27B1, which is necessary for vitamin D metabolism [19]. Recent
studies in the brain of both autistic children and their mothers found autoantibodies targeting brain
proteins [20]. Data suggest that there may be a defect in signaling paths shared by the central nervous system
and the immune system in children with autism and unbalanced levels of inflammatory cytokines and
inflammation-related transcription factor nuclear factor kappa-B (NF-kB) [21-23].
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Many non-pharmacological interventions are nominated to manage autism, including family support
services and psychoeducational methods [24,25]. Different pharmacological treatment modalities are
recommended for children with autism [26]. Pharmacological therapy includes antipsychotics, central
nervous system stimulant drugs, and selective serotonin reuptake inhibitors (SSRIs) [26]. Of these agents,
antipsychotics are the most extensively studied for controlling autism symptoms [26]. When administered in
a low dose, antipsychotics have been found to decrease social withdrawal and stereotypes repetitive
behavior, temper tantrums, and self-abusive behavior [26].

Learning more about the brain, immune system, and gut connections could assist early diagnosis and
treatment of this devastating neurodevelopmental disease as an early intervention in autism could improve
a child's overall development. This literature review article aims to evaluate the neurobiology of autism and
the role of the gut microbiota and immune system response in developing autism in children. We searched
Pubmed as the primary source to gather the related studies. We selected articles based on details and
relevancy and included randomized clinical trials, animal studies, systematic reviews, and observational
studies.

Review
The gut microbiota and autism 
Research indicates that there are discrepancies in the composition of the gut flora between autistic children
and controls, with an excess quantity of members of Clostridium and Sutterella genus found in the gut of
children with autism [27]. Further evidence from animal models illustrated that specific microbial shifts in
the digestive tract may result in changes similar to the clinical picture of autism, with suggested
mechanisms involving immunological and metabolic aberrations, abnormality in fermentation
processes/products toxin production [27].

Finegold et al. examined stool specimens from 33 children with autism aged two to nine years with
gastrointestinal (GI) abnormalities and 13 control children with no autism or GI disorders to assess the
amount of Clostridium perfringens (C. perfringens) and C. perfringens toxin genes in their gut [27]. They
conducted a quantitative comparison of all Clostridium species and C. perfringens strains from the fecal
microbiota, also separated C. perfringens pieces, and performed a polymerase chain reaction (PCR) analysis
for the primary C. perfringens toxin genes, like C. perfringens enterotoxin gene, iota, epsilon, alpha, beta,
and beta2 [28]. They found that children with autism and GI disease harbor statistically significant greater
counts of C.perfringens in their gut compared to the control subjects (p = 0.031) [28]. Furthermore, the
incidence of beta2 toxin-producing C.perfringens was considerably greater in children with autism than
control subjects (p = 0.014) [28]. Also, children with autism have statistically significant larger counts of the
beta2 toxin gene in their GI tract (p = 0.015) [28]. Researchers did not recognize other toxin genes, like
epsilon, iota, and beta toxin genes from either autism subjects or control children [28]. Simultaneously, the
investigators found the alpha-toxin gene in all studied C.perfringens strains, and they distinguished the
C.perfringens enterotoxin gene only in three autistic and one control subjects [28].

Tomova et al. investigated fecal microbiota changes and the frequently existing digestive tract disorders in
children with autism [29]. They examined fecal microflora of ten children with autism, nine siblings, and ten
healthy control children by real-time PCR [29]. The autistic children fecal microbiota expressed a
considerable reduction of the Bacteroidetes/Firmicutes ratio and an increase in Lactobacillus species [29].
Moreover, it indicated an increase in the incidence of Desulfovibrio species in autistic children and a critical
positive association between the severity of the gastrointestinal tract dysfunction and the severity of autism
[29].

Investigations showed a microbial shift in the digestive tract of children with autism, with a significant
increase in the number of Desulfovibrio species, Lactobacillus species, and C. perfringens. Likewise, animals
with similar microbial changes presented with a clinical picture of autism. Concluding, the gut microbiota is
necessary to maintain the digestive system's physiological state; alteration of this intestinal flora has been
associated with autism.

The influence of TNF-α, IL-8, and IL-6 on autism
Autism is associated with central nervous system inflammation, which leads to an imbalance in the plasma
level of some inflammatory markers [13]. Identifying and measuring autism-specific inflammatory
biomarker levels may facilitate the rapid diagnosis and designation of new therapeutic targets [20]. Of these
biomarkers, autism has a link to tumor necrosis factor-alpha (TNF-α), interleukin 8 (IL-8), interleukin 6 (IL-
6) [30-32].

Alzghoul et al. conducted a study in Jordanian children to measure and compare TNF-α, IL-8, and IL-6 in
autistic children, their unaffected siblings, and unrelated healthy controls [11]. After investigations, they
reported an exclusive elevation in the plasma levels of TNF-α and IL-8 in autistic children in contrast to
their siblings and unaffected healthy control group (p < 0.001, p < 0.001) [11]. With no significant difference
in the plasma levels of the formerly mentioned cytokines in the siblings and unrelated control subjects [11].
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Regarding IL-6, they demonstrated an increase in its plasma levels in both autistic children and their
siblings, compared to the unrelated healthy control group (p < 0.05) [11]. 

Wei et al. had immunohistochemistry studies that indicated the association of IL-6 with autism [23]. They
employed in vitro adenoviral gene delivery technique to overexpress IL-6 in cultured cerebellar granule cells
[23]. Aimed to examine how IL-6 affects neural cell development and function [8]. They proposed that the
high levels of IL-6 in the brain of an autistic child could modify neural cell adhesion, migration, and result
in an imbalance of inhibitory and excitatory circuits [23]. They revealed an increase in the plasma levels of
TNF-α, IL-8, and IL-6 might be partially responsible for developing autism [23].

Several studies measured and compared the plasma level of TNF-α, IL-8, and IL-6 in autistic and control
subjects. Results indicated a statistically significant increase in the level of TNF-α, IL-8 (p < 0.001), and IL-6
(p < 0.05). The influence of these inflammatory cytokines on autism is proposed.

Other inflammatory factors associated with autism
Studies indicated that brain inflammation has a significant role in the pathophysiology of autism. Theoharis
C Theoharides et al. reported that mast cells (MCs) are involved in the development of autism, which
worsens with stress [33]. Stimulation of mast cells by neuropeptides like the corticotropin-releasing factor
(CRF) and neurotensin (NT) can lead to the release of inflammatory and neurotoxic mediators [33]. These
mediators disrupt the blood-brain barrier, stimulate microglia, and cause focal inflammation [33]. This
hypothesis was reinforced by detecting a high amount of MCs, CRF, and NT in the brain of children with
autism in contrast to control subjects [33]. Clinical trials confirmed that and noted a statistically significant
improvement of autism symptoms by using anti-inflammatory and antioxidant agents [33].

Autism is also related to dysregulation of some other inflammatory factors [21]. In 2018 a study assessed the
messenger ribosomal nucleic acid (mRNA) expression levels of transforming growth factor -B (TGF-B),
chemokine ligand 8 (CXCL8), interleukin 1B (IL-1B), interleukin 2 (IL-2), interleukin 4 (IL-4), and interleukin
17 (IL-17) in whole blood samples of 30 autistic children and 41 age and sex-matched healthy children with
means of real-time PCR [21]. Results showed that IL-17 is considerably stimulated in autism subjects (P <
0.0001) when compared to healthy children [21]. IL-2 was reasonably negatively regulated in all autistic
children (p < 0.0001) [21]. No marked discrepancy has been verified in other inflammatory cytokines’
expression levels between autistic and control subjects [21].

Interleukin-4 (IL-4) and interleukin-10 (IL-10) are recognized mostly as anti-inflammatory cytokines [34].
However, some inflammatory-related disorders in newborns have been attributed to high IL-4 and IL-10
concentrations [34]. Alan Leviton et al. supported this hypothesis [34]. They found fewer scores on
components of a series of neuro-psychological tests-II, oral, written language scales-II, and Wechsler
individual achievement-III test assessments among children who possessed top quartile concentrations IL-4
or IL-10 on day 21 or 28 after delivery [34].

Ahmad et al., in their clinical trial, assessed the effect of T cell immunoglobulin and mucin domain-3 (TIM-
3) signaling in the development of autism [35]. They reported that children with autism considerably
generated TIM-3, CD11a,b, CD14, chemokine receptor type 5 (CXCR5), interleukin 1B (IL-1B), and
interferon-gamma (IFN-γ) related mRNA, and protein expression levels in contrast to control children [35].
Further, instructed that TIM-3 signaling detection could facilitate the early diagnosis of autism [35].

There is an intimate and complicated relationship between the brain and the immune system; the
pathophysiological changes in autism have been correlated to certain inflammatory factors’ elevation.
Understanding each element’s role is critical for early testing and diagnosis of autism and could be studied
to develop future interventions.

Conclusions
Several studies showed a significant variation in the gut microbiota in children with autism compared to
control children with a remarkable amount of Desulfovibrio species, lactobacillus species, and C.
perfringens. Research also reported that some inflammatory cytokines’ plasma levels were higher in autistic
children with a notable amount of tumor necrosis factor-alpha (TNF-α), interleukin 8 (IL-8), interleukin 6
(IL-6). Further, there is an elevation of some anti-inflammatory cytokines like Interleukin-4 (IL-4) and
interleukin-10 (IL-10) in children with autism. These could be targeted areas to manage autism and provide
better developmental outcomes. However, it is not clear yet if the gut microbiota treatment and the blunt of
the inflammatory cytokine signals courses could treat autism. More research is needed to elaborate on that.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from

2020 Lungba et al. Cureus 12(10): e11226. DOI 10.7759/cureus.11226 3 of 5



any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Bienenstock J, Kunze W, Forsythe P: Microbiota and the gut-brain axis . Nutr Rev. 2015, 73:28-31.

10.1093/nutrit/nuv019
2. Mangiola F, Ianiro G, Franceschi F, Fagiuoli S, Gasbarrini G, Gasbarrini A: Gut microbiota in autism and

mood disorders. World J Gastroenterol. 2016, 22:361-368. 10.3748/wjg.v22.i1.361
3. Shimizu Y: Gut microbiota in common elderly diseases affecting activities of daily living . World J

Gastroenterol. 2018, 24:4750-4758. 10.3748/wjg.v24.i42.4750
4. Bäckhed F: Host responses to the human microbiome. Nutr Rev. 2012, 70:S14-S17. 10.1111/j.1753-

4887.2012.00496.x
5. Shivaji S: We are not alone: a case for the human microbiome in extra intestinal diseases . Gut Pathog. 2017,

9:13. 10.1186/s13099-017-0163-3
6. Dinan TG, Cryan JF: The impact of gut microbiota on brain and behaviour: implications for psychiatry . Curr

Opin Clin Nutr Metab Care. 2015, 18:552-558. 10.1097/MCO.0000000000000221
7. Nadeem A, Ahmad SF, Al-Harbi NO, et al.: Nrf2 activator, sulforaphane ameliorates autism-like symptoms

through suppression of Th17 related signaling and rectification of oxidant-antioxidant imbalance in
periphery and brain of BTBR T+tf/J mice. Behav Brain Res. 2019, 364:213-224. 10.1016/j.bbr.2019.02.031

8. Kopec AM, Fiorentino MR, Bilbo SD: Gut-immune-brain dysfunction in autism: importance of sex . Brain
Res. 2018, 1693:214-217. 10.1016/j.brainres.2018.01.009

9. Lim JS, Lim MY, Choi Y, Ko G: Modeling environmental risk factors of autism in mice induces IBD-related
gut microbial dysbiosis and hyperserotonemia. Mol Brain. 2017, 10:14. 10.1186/s13041-017-0292-0

10. Dietert RR, Dietert JM: Potential for early-life immune insult including developmental immunotoxicity in
autism and autism spectrum disorders: focus on critical windows of immune vulnerability. J Toxicol Environ
Health B Crit Rev. 2008, 11:660-680. 10.1080/10937400802370923

11. Alzghoul L, Abdelhamid SS, Yanis AH, et al.: The association between levels of inflammatory markers in
autistic children compared to their unaffected siblings and unrelated healthy controls. Turk J Med Sci. 2019,
49:1047-1053. 10.3906/sag-1812-167

12. Payá González B, Fuentes Menchaca N: Neurobiology of autism: neuropathology and neuroimaging studies .
Actas Esp Psiquiatr. 2007, 35:271-276.

13. Businaro R, Corsi M, Azzara G, et al.: Interleukin-18 modulation in autism spectrum disorders . J
Neuroinflammation. 2016, 13:2. 10.1186/s12974-015-0466-6

14. Bryn V, Aass HC, Skjeldal OH, et al.: Cytokine profile in autism spectrum disorders in children . J Mol
Neurosci. 2017, 61:1-7. 10.1007/s12031-016-0847-z

15. Buie T: Potential etiologic factors of microbiome disruption in autism . Clin Ther. 2015, 37:976-983.
10.1016/j.clinthera.2015.04.001

16. van Gent T, Heijnen CJ, Treffers PD: Autism and the immune system. J Child Psychol Psychiatry. 1997,
38:337-349. 10.1111/j.1469-7610.1997.tb01518.x

17. Strenn N, Hovey D, Jonsson L, et al.: Associations between autistic-like traits and polymorphisms in
NFKBIL1. Acta Neuropsychiatr. 2019, 31:220-229. 10.1017/neu.2019.18

18. Famitafreshi H, Karimian M: Overview of the recent advances in pathophysiology and treatment for autism .
CNS Neurol Disord Drug Targets. 2018, 17:590-594. 10.2174/1871527317666180706141654

19. Currenti SA: Understanding and determining the etiology of autism. Cell Mol Neurobiol. 2010, 30:161-171.
10.1007/s10571-009-9453-8

20. Goines P, Van de Water J: The immune system's role in the biology of autism . Curr Opin Neurol. 2010,
23:111-117. 10.1097/WCO.0b013e3283373514

21. Eftekharian MM, Ghafouri-Fard S, Noroozi R, et al.: Cytokine profile in autistic patients. Cytokine. 2018,
108:120-126. 10.1016/j.cyto.2018.03.034

22. Vojdani A, Mumper E, Granpeesheh D, et al.: Low natural killer cell cytotoxic activity in autism: the role of
glutathione, IL-2 and IL-15. J Neuroimmunol. 2008, 205:148-154. 10.1016/j.jneuroim.2008.09.005

23. Wei H, Zou H, Sheikh AM, et al.: IL-6 is increased in the cerebellum of autistic brain and alters neural cell
adhesion, migration and synaptic formation. J Neuroinflammation. 2011, 8:52. 10.1186/1742-2094-8-52

24. Mulas F, Ros-Cervera G, Millá MG, et al.: Models of intervention in children with autism . Rev Neurol. 2010,
50:S77-S84.

25. Shastry BS: Molecular genetics of autism spectrum disorders . J Hum Genet. 2003, 48:495-501.
10.1007/s10038-003-0064-9

26. Malone RP, Gratz SS, Delaney MA, Hyman SB: Advances in drug treatments for children and adolescents
with autism and other pervasive developmental disorders. CNS Drugs. 2005, 19:923-934. 10.2165/00023210-
200519110-00003

27. Finegold SM, Summanen PH, Downes J, Corbett K, Komoriya T: Detection of Clostridium perfringens toxin
genes in the gut microbiota of autistic children. Anaerobe. 2017, 45:133-137.
10.1016/j.anaerobe.2017.02.008

28. Ding HT, Taur Y, Walkup JT: Gut microbiota and autism: key concepts and findings . J Autism Dev Disord.
2017, 47:480-489. 10.1007/s10803-016-2960-9

29. Tomova A, Husarova V, Lakatosova S, et al.: Gastrointestinal microbiota in children with autism in Slovakia .
Physiol Behav. 2015, 138:179-187. 10.1016/j.physbeh.2014.10.033

30. Tsilioni I, Taliou A, Francis K, Theoharides TC: Children with autism spectrum disorders, who improved
with a luteolin-containing dietary formulation, show reduced serum levels of TNF and IL-6. Transl
Psychiatry. 2015, 5:e647. 10.1038/tp.2015.142

31. Singh S, Yazdani U, Gadad B, et al.: Serum thyroid-stimulating hormone and interleukin-8 levels in boys

2020 Lungba et al. Cureus 12(10): e11226. DOI 10.7759/cureus.11226 4 of 5

https://dx.doi.org/10.1093/nutrit/nuv019
https://dx.doi.org/10.1093/nutrit/nuv019
https://dx.doi.org/10.3748/wjg.v22.i1.361
https://dx.doi.org/10.3748/wjg.v22.i1.361
https://dx.doi.org/10.3748/wjg.v24.i42.4750
https://dx.doi.org/10.3748/wjg.v24.i42.4750
https://dx.doi.org/10.1111/j.1753-4887.2012.00496.x
https://dx.doi.org/10.1111/j.1753-4887.2012.00496.x
https://dx.doi.org/10.1186/s13099-017-0163-3
https://dx.doi.org/10.1186/s13099-017-0163-3
https://dx.doi.org/10.1097/MCO.0000000000000221
https://dx.doi.org/10.1097/MCO.0000000000000221
https://dx.doi.org/10.1016/j.bbr.2019.02.031
https://dx.doi.org/10.1016/j.bbr.2019.02.031
https://dx.doi.org/10.1016/j.brainres.2018.01.009
https://dx.doi.org/10.1016/j.brainres.2018.01.009
https://dx.doi.org/10.1186/s13041-017-0292-0
https://dx.doi.org/10.1186/s13041-017-0292-0
https://dx.doi.org/10.1080/10937400802370923
https://dx.doi.org/10.1080/10937400802370923
https://dx.doi.org/10.3906/sag-1812-167
https://dx.doi.org/10.3906/sag-1812-167
https://pubmed.ncbi.nlm.nih.gov/17592791/
https://dx.doi.org/10.1186/s12974-015-0466-6
https://dx.doi.org/10.1186/s12974-015-0466-6
https://dx.doi.org/10.1007/s12031-016-0847-z
https://dx.doi.org/10.1007/s12031-016-0847-z
https://dx.doi.org/10.1016/j.clinthera.2015.04.001
https://dx.doi.org/10.1016/j.clinthera.2015.04.001
https://dx.doi.org/10.1111/j.1469-7610.1997.tb01518.x
https://dx.doi.org/10.1111/j.1469-7610.1997.tb01518.x
https://dx.doi.org/10.1017/neu.2019.18
https://dx.doi.org/10.1017/neu.2019.18
https://dx.doi.org/10.2174/1871527317666180706141654
https://dx.doi.org/10.2174/1871527317666180706141654
https://dx.doi.org/10.1007/s10571-009-9453-8
https://dx.doi.org/10.1007/s10571-009-9453-8
https://dx.doi.org/10.1097/WCO.0b013e3283373514
https://dx.doi.org/10.1097/WCO.0b013e3283373514
https://dx.doi.org/10.1016/j.cyto.2018.03.034
https://dx.doi.org/10.1016/j.cyto.2018.03.034
https://dx.doi.org/10.1016/j.jneuroim.2008.09.005
https://dx.doi.org/10.1016/j.jneuroim.2008.09.005
https://dx.doi.org/10.1186/1742-2094-8-52
https://dx.doi.org/10.1186/1742-2094-8-52
https://pubmed.ncbi.nlm.nih.gov/20200851/
https://dx.doi.org/10.1007/s10038-003-0064-9
https://dx.doi.org/10.1007/s10038-003-0064-9
https://dx.doi.org/10.2165/00023210-200519110-00003
https://dx.doi.org/10.2165/00023210-200519110-00003
https://dx.doi.org/10.1016/j.anaerobe.2017.02.008
https://dx.doi.org/10.1016/j.anaerobe.2017.02.008
https://dx.doi.org/10.1007/s10803-016-2960-9
https://dx.doi.org/10.1007/s10803-016-2960-9
https://dx.doi.org/10.1016/j.physbeh.2014.10.033
https://dx.doi.org/10.1016/j.physbeh.2014.10.033
https://dx.doi.org/10.1038/tp.2015.142
https://dx.doi.org/10.1038/tp.2015.142
https://dx.doi.org/10.1186/s12974-017-0888-4


with autism spectrum disorder. J Neuroinflamm. 2017, 14:113. 10.1186/s12974-017-0888-4
32. Zubareva OE, Klimenko VM: Elevation of proinflammatory cytokines level at early age as the risk factor of

neurological and mental pathology development. Ross Fiziol Zh Im I M Sechenova. 2011, 97:1048-1059.
33. Wang M, Zhou J, He F, et al.: Alteration of gut microbiota-associated epitopes in children with autism

spectrum disorders. Brain Behav Immun. 2019, 75:192-199. 10.1016/j.bbi.2018.10.006
34. Leviton A, Joseph RM, Allred EN, et al.: The risk of neurodevelopmental disorders at age 10 years associated

with blood concentrations of interleukins 4 and 10 during the first postnatal month of children born
extremely preterm. Cytokine. 2018, 110:181-188. 10.1016/j.cyto.2018.05.004

35. Ahmad SF, Ansari MA, Nadeem A, et al.: Dysregulation of T cell immunoglobulin and mucin domain 3 (TIM-
3) signaling in peripheral immune cells is associated with immune dysfunction in autistic children. Mol
Immunol. 2019, 106:77-86. 10.1016/j.molimm.2018.12.020

2020 Lungba et al. Cureus 12(10): e11226. DOI 10.7759/cureus.11226 5 of 5

https://dx.doi.org/10.1186/s12974-017-0888-4
https://pubmed.ncbi.nlm.nih.gov/22292271/
https://dx.doi.org/10.1016/j.bbi.2018.10.006
https://dx.doi.org/10.1016/j.bbi.2018.10.006
https://dx.doi.org/10.1016/j.cyto.2018.05.004
https://dx.doi.org/10.1016/j.cyto.2018.05.004
https://dx.doi.org/10.1016/j.molimm.2018.12.020
https://dx.doi.org/10.1016/j.molimm.2018.12.020

	The Role of the Gut Microbiota and the Immune System in the Development of Autism
	Abstract
	Introduction And Background
	Review
	The gut microbiota and autism
	The influence of TNF-α, IL-8, and IL-6 on autism
	Other inflammatory factors associated with autism

	Conclusions
	Additional Information
	Disclosures

	References


