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Resumen en español 

 

Estudios en la composición del microbioma intestinal, han demostrado que se presenta una disbiosis 

en los trastornos psiquiátricos como la esquizofrenia. Sin embargo, los estudios en humanos y 

sobretodo en adolescentes que presentan psicosis de inicio temprano aún son escasos. En este estudio 

realizamos secuenciación de la región V3-V4 de 12 adolescentes con psicosis de inicio temprano, 15 

pacientes con esquizofrenia y 21 controles no psicóticos. 

Tanto la diversidad alfa como la diversidad beta presentaron diferencias significativas en pacientes con 

psicosis de inicio temprano y pacientes con esquizofrenia. Las principales diferencias en las 

abundancias relativas se observaron para el género Gemella y Eubacterium_halli, que disminuyeron 

significativamente en pacientes con psicosis de inicio temprano y pacientes con esquizofrenia en 

comparación con pacientes no psicóticos, mientras que Clostridia_UCG-014, Lachnospira, 

Lachnospiraceae_UCG-001 y Eubacterium_ruminantium_group mostraron una abundancia 

significativamente mayor. 

Este estudio destaca y confirma las correlaciones del eje intestino-cerebro y el papel potencial de la 

microbiota intestinal en la fisiopatología de la psicosis y la esquizofrenia de inicio temprano, lo que 

sugiere que la transición de la adolescencia a la edad adulta debe tenerse en cuenta en individuos 

diagnosticados a lo largo del tiempo desde etapas tempranas. La consideración de la microbiota 

intestinal en psiquiatría puede eventualmente apoyar las prácticas de atención médica hacia un enfoque 

más integral y una medicina personalizada. 
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Resumen en inglés /Abstract 

 

Studies of the composition of the gut microbiome have shown that psychiatric disorders such as 

schizophrenia consistently show gut dysbiosis. However, studies in humans, especially in adolescents 

with early-onset psychosis supporting these observations remain scarce. In this study, we sequenced 

the V3-V4 region of the 16S bacterial gene in 12 adolescents with early-onset psychosis, 15 patients 

with schizophrenia and 21 non-psychotic patients. 

Alpha and beta diversity showed significant differences between patients with early-onset psychosis 

and patients with schizophrenia. The main differences in relative abundances were observed for the 

genus Gemella and for Eubacterium_halli, which were significantly decreased in patients with early- 

onset psychosis and patients with schizophrenia compared to non-psychotic patients while 

Clostridia_UCG-014, Lachnospira, Lachnospiraceae_UCG-001 and 

Eubacterium_ruminantium_group showed a significant higher abundance. 

This study highlights and confirms the gut-brain axis correlations and the potential role of the gut 

microbiota in the pathophysiology of early-onset psychosis and schizophrenia, suggesting that the 

transition from adolescence to adulthood should be taken into account in individuals diagnosed over 

time from early-onset psychosis to schizophrenia. The consideration of the gut microbiome in 

psychiatry may eventually support health care practices towards a more comprehensive approach and 

personalized medicine. 
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Introducción general 

 

La psicosis es un trastorno neuropsiquiátrico común en muchas afecciones psiquiátricas. Es la 

característica definitoria de los trastornos del espectro de la esquizofrenia, así como es común en 

afecciones neurodegenerativas, trastornos del estado de ánimo y en el uso de sustancias (Morgan et al., 

2014; Forsaa et al., 2015). Generalmente comienza entre los 18 a 20 años. Sin embargo, en algunos 

casos, la psicosis puede manifestarse antes de los 18 años (psicosis de inicio temprano) (McClellan, 

2018). 

La psicosis se caracteriza por la presencia de alucinaciones (percepciones que ocurren en ausencia de 

estímulos somáticos o externos), delirios, pensamiento desorganizado y confusión. Un episodio 

psicótico no dura más de tres meses y no es causado por el consumo de drogas o medicamentos (World 

Health Organization, 1992; American Psychiatric Association and American Psychiatric Association, 

2013). 

La esquizofrenia es un trastorno neuropsiquiátrico donde se presentan síntomas positivos (delirios, 

alucinaciones, habla desorganizada), negativos (anhedonia, retraimiento social), deterioro cognitivo 

(afectando la atención, memoria, funcionamiento ejecutivo e interacciones sociales) y alteraciones del 

humor. Normalmente se manifiesta antes de los 30 años y los síntomas persisten al menos durante 6 

meses (American Psychiatric Association and American Psychiatric Association, 2013; Patel et al., 

2014). 

La prevalencia de la esquizofrenia a nivel mundial es de aproximadamente del 0.5 al 1% (Yang et al., 

2019), mientras que en México se estima que afecta a un millón de personas (Escamilla-Orozco et al., 

2021). En los últimos años, se ha reconocido cada vez más la importancia crucial del primer episodio 

de psicosis como una etapa única para desarrollar nuevos enfoques terapéuticos. Las investigaciones 

han demostrado que el mayor deterioro funcional ocurre en los primeros 2 a 3 años desde el inicio del 

trastorno psicótico, lo que enfatiza la necesidad de estrategias de intervención temprana (Cavalcante et 

al., 2024). 

A pesar de los avances en el tratamiento, aún no se conoce la etiología de la misma, aunque se han 

identificado factores genéticos, clínicos y familiares que se encuentran fuertemente correlacionados 

con la enfermedad. Por ejemplo, complicaciones obstétricas, infecciones virales maternas, 

desnutrición, exposición a las drogas y al estrés, los traumas infantiles y la heredabilidad pueden 

contribuir a un mayor riesgo de desarrollar esquizofrenia (Delphin et al., 2024). Recientemente, se ha 

sugerido que el eje intestino-microbiota-cerebro influye en el desarrollo de trastornos psiquiátricos 

como el trastorno bipolar, la depresión, la ansiedad, los trastornos alimentarios, la esquizofrenia y la 

psicosis de inicio temprano (Nuncio-Mora et al., 2023; Singh et al., 2024). 

El microbioma intestinal consiste en todo el entorno, incluido microorganismos, genomas y 

metabolitos. Mientras que la microbiota intestinal es el conjunto de microorganismos (bacterias, virus, 

hongos, arqueas) que interactúan entre sí dentro del organismo, el cual tiene un hábitat definido con 

propiedades fisicoquímicas específicas (Turnbaugh et al., 2007; Wishart et al., 2007). 
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La población más densa de microbiota se encuentra albergada en el intestino y se estima que contiene 

entre 1,000 a 5,000 especies, de las cuales la mayoría corresponden a bacterias de los phyla Firmicutes, 

Bacteroidetes, Actinobacteria, Proteobacteria, Fusobacteriay Verrucomicrobia (Costea et al., 2018). 

Sin embargo, el perfil microbiano asociado al huésped varía según el tipo de parto, lactancia, 

predisposición genética, edad, nutrición, factores ambientales, estrés, infecciones, uso de antibióticos, 

entre otros (Ley et al., 2008; Mayer, 2011; Yu et al., 2013). 

La microbiota intestinal tiene diversas funciones, entre ellas destacan el metabolismo de alimentos, 

síntesis de vitaminas y nutrientes esenciales, metabolismo de fármacos, protección contra patógenos, 

mantenimiento del moco intestinal e inmunomodulación (Adak and Khan, 2019; Zimmermann et al., 

2019). Además, desempeña un papel crucial en la comunicación bidireccional entre el intestino y el 

cerebro, comunicándose a través de neurotransmisores transmitidos por afecciones vagales, señales 

endocrinas transportadas por hormonas intestinales, señales inmunes transmitidas por citocinas y 

metabolitos transmitidos por el sistema circulatorio (Marano et al., 2023; Nuncio-Mora et al., 2023). 

Se han realizado estudios donde se ha demostrado que la composición de la microbiota intestinal difiere 

significativamente entre individuos sanos y pacientes con esquizofrenia, lo cual puede deberse a la 

permeabilidad intestinal que presentan los pacientes con esquizofrenia (Shen et al., 2018; Li et al., 

2024b). Esta disbiosis afecta negativamente el metabolismo del triptófano-quinurenina, esencial para 

la producción de serotonina, y también se han observado alteraciones en el ciclo glutamato-glutamina- 

GABA, resultando en una disminución de los niveles de glutamato en el cerebro (Zheng et al., 2019; 

Ma et al., 2020; Zhu et al., 2020). 

Aunque se han logrado avances en la investigación, la patogénesis de la esquizofrenia y la psicosis de 

inicio temprano aún no está completamente comprendida, y los estudios actuales no logran explicar la 

gran variabilidad interindividual observada. Además, desde el punto de vista clínico, no existen 

biomarcadores validados que faciliten el diagnóstico de estas condiciones, lo que implica que las 

prácticas diagnósticas actuales pueden ser algo subjetivas al basarse en la identificación de los síntomas 

en los pacientes (Chan et al., 2015; Li et al., 2024b). 

Por esta razón, es necesario desarrollar biomarcadores y terapias más eficaces, y considerar factores 

clínicos adicionales, ya que los métodos actuales no son suficientes para diagnosticar completamente 

ni proporcionar un tratamiento integral y definitivo. Actualmente, no existen estudios que examinen el 

impacto de la microbiota en el diagnóstico temprano de la psicosis en adolescentes, así como su 

evolución. Además, en México no existen estudios dedicados a estudiar el microbioma de pacientes 

con psicosis de inicio temprano o esquizofrenia. Por lo que, el objetivo de este estudio fue analizar la 

composición de la microbiota intestinal en adolescentes con psicosis de inicio temprano y compararla 

con la de pacientes no psicóticos y aquellos con esquizofrenia 
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1 Manuscrito del Artículo de Investigación 
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26 Abstract 

27 Studies of the composition of the gut microbiome have shown that psychiatric disorders such as 

28 schizophrenia consistently show gut dysbiosis. However, studies in adolescents with early-onset 

29 psychosis supporting these observations remain scarce. Here, we sequenced the V3-V4 region of the 

30 16S bacterial gene in 12 adolescents with early-onset psychosis, 15 patients with schizophrenia and 
31 21 non-psychotic patients. Alpha and beta diversity showed significant differences between patients 
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32 with early-onset psychosis and patients with schizophrenia. The main differences in relative 

33 abundances were observed for the genus Gemella and for Eubacterium_halli, which were 

34 significantly decreased in patients with early-onset psychosis and patients with schizophrenia 

35 compared to non-psychotic patients while Clostridia_UCG-014, Lachnospira, 

36 Lachnospiraceae_UCG-001 and Eubacterium_ruminantium_group showed a significant higher 

37 abundance. This study highlights and confirms the gut-brain axis correlations and the potential role 

38 of the gut microbiota in the pathophysiology of early-onset psychosis and schizophrenia, suggesting 

39 that the transition from adolescence to adulthood should be taken into account in individuals 

40 diagnosed over time from early-onset psychosis to schizophrenia. The consideration of the gut 

41 microbiome in psychiatry may eventually support health care practices towards a more 

42 comprehensive approach and personalized medicine. 

43 Introduction 

44 Psychosis is a neuropsychiatric disorder associated with delusions, hallucinations, disorganized 

45 thinking, and confusion. The psychotic episode should last no longer than three months, and the 

46 symptoms described above should not be the result of any drug or medical condition (World Health 

47 Organization, 1992; American Psychiatric Association and American Psychiatric Association, 2013). 

48 The average age at which the first psychotic episode occurs is usually around 20 years of age, but 

49 early-onset psychosis can occur before the age of 18, which is usually associated with functional 

50 impairment (American Psychiatric Association and American Psychiatric Association, 2013; 

51 McClellan, 2018). 

52 Schizophrenia is the most common psychiatric disorder with prevalence worldwide between 0.5% 

53 and 1.5% (Long et al., 2014), it is associated with persistent psychotic symptoms. However, 

54 psychosis can also manifest in other conditions such as major depressive disorder, bipolar disorder, 

55 schizoaffective disorder, delusional disorder, and schizophreniform disorder (Zwicker et al., 2018). 

56 Intensive research on psychiatric disorders has pinpointed genetic, clinical, familial, and other factors 

57 that are strongly correlated with the disease. For instance, obstetric complications, maternal viral 

58 infections, malnutrition, drug and stress exposure, childhood trauma, and heritability may all 

59 contribute to an increased risk of developing schizophrenia (Delphin et al., 2024). More recently, the 

60 gut microbiome has shown to play a critical role in the development of several diseases. It has been 

61 suggested that the gut-brain axis impacts the development of psychiatric disorders such as bipolar 

62 disorder, depression, anxiety, eating disorders and schizophrenia (Singh et al., 2024). 

63 The gut microbiota composed by a diversity of microorganisms including, bacteria, viruses, fungi, 

64 and archaea which interact with each other and with the host through several mechanisms (Damiani 

65 et al., 2023). It is estimated that the intestine contains between 1,000 and 5,000 species, the majority 

66 of which belong to the phyla Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria, Fusobacteria 

67 and Verrucomicrobiota (Costea et al., 2018). 

68 The role of the gut microbiome is diverse, it can metabolize our food, synthesize essential vitamins 

69 and nutrients, prime the immune system and protect us from infections. It also alters the 

70 pharmacokinetics and pharmacodynamics of hundreds of drugs either affecting its metabolism, 

71 elimination or altering the levels of drug targets (Adak and Khan, 2019; Zimmermann et al., 2019). It 

72 has been acknowledged that is the bidirectional communication between the intestine and the brain is 

73 facilitated through different pathways such as the vagus nerve, the endocrine system, the immune 

74 system (Nuncio-Mora et al., 2023). 
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75 Despite advances in research, the pathogenesis of both schizophrenia and early-onset psychosis 

76 remains incomplete and current studies cannot explain its high interindividual variability. In addition, 

77 clinically, there are no validated biomarker that could aid in diagnosis, of schizophrenia and early- 

78 onset psychosis, current practices can be somehow subjective through the identification of the 

79 patients' symptoms (Chan et al., 2015; Li et al., 2024b). 

80 It is evident that more efficient biomarkers and therapies are urgently needed and that additional 

81 clinical factors ought to be considered since the current ones cannot fully diagnose nor support a 

82 comprehensive and definitive treatment, hence the interest in investigating the gut microbiome. 

83 Currently, there are only a few studies in early onset of psychosis in adolescents which consider the 

84 microbiome or its potential impact for early diagnosis; it is relevant to define the microbiome’s 

85 identity and functionality to better explain the evolution of early-onset psychosis. Therefore, the aim 

86 of this study was to determine the composition of the gut microbiota in adolescents with early-onset 

87 psychosis and compare it with non-psychotic patients and patients with schizophrenia. 

88 Materials and Methods 

89 Study participants 

90 Twenty-one non-psychotic patients, 12 patients with early-onset psychosis, and 15 patients with 

91 schizophrenia were recruited between December 2021 and July 2023 at the Hospital Psiquiátrico 
92 Infantil "Dr. Juan N. Navarro", in Mexico City. Patients were evaluated and diagnosed by a 

93 specialized psychiatrist recruited using the MINI-KID test. Inclusion criteria for the early-onset 

94 psychosis group were 1) patients aged 10 to 18 years, 2) meeting the criteria for psychosis as 

95 determined by the MINI-KID, 3) hallucinations or delusions were not due to substance use or other 

96 illness, 4) no use of antibiotics for at least 3 months prior to stool sampling, 5) no surgical procedures 

97 such as gastroscopy and colonoscopy (within the last 3 months) or any major gastrointestinal surgery 

98 for at least 5 years. For non-psychotic patients, the inclusion criteria were the same except that they 

99 did not meet lifetime criteria for psychosis, although they could be receiving treatment for another 

100 psychiatric disorder such as depression, anxiety and attention-deficit/hyperactivity disorder (ADHD). 

101 Patients with schizophrenia were evaluated using the Positive and Negative Syndrome Scale 

102 (PANSS) at the Hospital Psiquiátrico Fray Bernardino Álvarez. Inclusion criteria were 1) patients 

103 aged between 20 and 70 years, 2) no use of antibiotics for at least 3 months prior to stool sampling, 

104 3) no surgical procedures such as gastroscopy and colonoscopy (in the last 3 months) or major 
105 gastrointestinal surgery in at least 5 years. 

106 All participants signed an informed consent and assent form, as appropriate. The research protocol 

107 was approved by the Research Ethics Committee of the Hospital Psiquiátrico Infantil "Dr. Juan N. 

108 Navarro" (CONBIOETICA 09-CEI-013-20160708) and the Hospital Psiquiátrico Fray Bernardino 

109 Álvarez in accordance with the Declaration of Helsinki. 

110 Fecal sample collection 

111 Stool samples were collected in a stool collection bottle at the participant’s home following an 

112 instruction manual with an in-house kit, kept in the fridge and delivered to the investigator between 

113 24-48h. Samples were aliquoted and stored at -80°C until use. 

114 DNA Extraction 
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115 DNA extraction from faeces was performed using the commercial kit QIAmp Power Fecal pro 

116 (Qiagen, USA) according to the manufacturer’s specifications. DNA was evaluated, for purity and 

117 concentration in a NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific Waltham, MA, 

118 US). For each sample, the absorbance index (A260/280) was measured as an indicator of protein 

119 contamination and only samples between 1.8-2.0 were considered. DNA integrity was determined by 

120 1% agarose gel electrophoresis. Finally, the DNA was stored at -20°C until sequencing. 

121 Amplification 

122 The bacterial region V3-V4 of the 16S rRNA gene was amplified using the 16S V3 (341F) forward 

123 and V4 (805R) reverse primers and adapters from Illumina following the manufacturer's 16S 

124 metagenomic sequencing library protocol. Library quality control was verified by microcapillary 

125 electrophoresis in a TapeStation 4200 (Agilent, technologies), libraries were normalized and pooled to 

126 10.2 nM, denatured and diluted to 10 pM. Sequencing was performed using a 2 x 250 bp 
127 cartridge/MiSeq Reagent Kit V3 in a MiSeq Illumina sequencer. Next generation sequencing was 

128 performed at INMEGEN at the Sequencing Unit in a MiSeq NGS sequencer (Illumina). 

129 Bioinformatic analyses 

130 Raw FASTQ files (R1 and R2) were processed and analyzed using QIIME2 (Quantitative Insights 

131 Into Microbial Ecology 2) 2023.5 program (Bolyen et al., 2019). The 250 bp reads were truncated at 

132 any site of quality score of 20. Dada2 was used to join the R1, R2 sequences and to filter and remove 

133 chimeras from them (Callahan et al., 2016). All amplicon sequence variants (ASVs) were aligned 

134 using the mafft program (Katoh et al., 2002) and used to construct a phylogeny. 

135 After sample rarefaction (26500 sequences per sample), alpha diversity analysis and visualization 

136 were performed using the phyloseq package (version 1.44.0) (McMurdie and Holmes, 2013) in R 

137 4.3.1 (R: The R Project for Statistical Computing, n.d.). Beta diversity was estimated using Bray- 

138 Curtis distance, Jaccard distance, Unweighted UniFrac distance, and Weighted UniFrac distance 

139 matrices. The permutational multivariate analysis of variance (PERMANOVA) was conducted to 

140 assess the variance between groups using the adonis function from the vegan package (version 

141 1.44.0) (Oksanen et al., 2024), with disease status (DX) as the explanatory variable. Principal 

142 coordinates analysis (PCoA) was performed on each distance matrix, and the results were visualized 

143 using non-metric multidimensional scaling (NMDS) with the metaMDS function. Taxonomy was 

144 assigned to ASVs using the SILVA 138 database (Bokulich et al., 2018; Robeson et al., 2020) as a 

145 reference. 

146 To evaluate differences in the relative abundance of taxa, we performed a Kruskal-Wallis analysis 

147 using the R programming language. We then performed a Wilcoxon post hoc test to specifically 

148 identify between which groups these differences exist. Only taxa that showed a p-value of less than 

149 0.05 in the Kruskal-Wallis analysis were subjected to this additional test. 

150 Results 

151 Clinical Data 

152 Statistically significant differences in age and education level were found between patients with 

153 schizophrenia and non-psychotic patients and patients with early-onset psychosis. There were no 
154 significant differences in gender and BMI (Table 1). 
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155 Sequencing data 

156 A total of 7,622,765 raw sequences were identified for both forward and reverse reads in all 48 

157 samples processed. After filtering and chimera removal, 2,309,798 amplicon sequence variants 
158 (ASVs) were obtained, the average number of ASVs per sample was 50,935 reads (min 26,561; max 

159 62,328) and considered for further bioinformatic analyses in the Software QIIME. 

160 Alpha diversity 

161 The characterization of bacterial abundance richness and diversity was defined by several metrics. 

162 For alpha diversity, we observed significantly differences between patients with schizophrenia versus 

163 non-psychotic patients and early onset psychosis given by the Observed, Chao1 and Shannon indices 

164 (Figure 1). In contrast, no statistically significant differences (p >0.05) were observed between non- 

165 psychotic patients and early-onset psychosis (Figure 1). 

166 

167 Beta diversity 

168 The analysis of beta diversity allows to compare bacterial abundance and richness between study 

169 group i.e. to describe the dissimilarity of the bacterial communities in the different groups, it was 

170 determined using the metrics, Bray Curtis, Jaccard, Weighted Frac and Unweighted Frac indexes. For 

171 the Bray Curtis, Jaccard and Unweighted indices, we observed a greater homogeneity between the 

172 non-psychotic patients and early-onset psychotic groups. In patients with schizophrenia the 

173 homogeneity of the bacterial community was significantly different from the other two groups 

174 (PERMANOVA, p < 0.05). In the Weighted Frac Index we did not observe significant differences 

175 among the study groups (PERMANOVA, p > 0.05, Figure 2). 

176 Composition of the gut microbiome and differences between study groups 

177 All patients showed 15 different phyla. Among them, Firmicutes was the most abundant phylum in 

178 all three groups, followed by Bacteroidota, Actinobacteriota, Verrucomicobiota and Proteobacteria 

179 (Figure 3). When comparing relative abundance between groups, no statistically significant 

180 differences were found at the phylum level (p > 0.05, Kruskal-Wallis test). 

181 At the genus level, a total of 270 different genera were identified, of these, 31 showed a percentage 

182 greater than 1%. Blautia, Bifidobacterium, Faecalibacterium, Prevotella, Bacteroides, Collinsella, 
183 Agathobacter, Fusicatenibacter, Subdoligranulum, Catenibacterium and Akkermansia were the 

184 predominant genera with more than 3% abundance in all studied groups (Figure 4). 

185 Next, we compared the relative abundance of these 31 genre between non-psychotic patients, and 

186 patients diagnosed with early-onset psychosis and observed eight genres with significantly different 

187 abundances. Lachnospiraceae_UCG-001, Lachnospira, Collinsella, Clostridia_UCG-0014, and 

188 Eubacterium_ruminantium_group, showed higher abundance in early-onset psychotic patients, 

189 whereas Staphylococcus, Gemella, and Eubacterium_halli_group showed lower abundance 

190 compared to controls (p < 0.05, Wilcoxon test with BH correction, Figure 5). 

191 Relative abundance comparisons between early-onset psychosis and schizophrenia identified 14 

192 significantly different genera. Bifidobacterium, Fusicatenibacter, and Erysipelotrichaceae_UCG-003 

193 showed a significant higher abundance in patients with early-onset psychosis (Figure 6), while 

194 Uncultured, UCG-005, UCG-003, UCG-002, Staphylococcus, NK4A214_group, Enterorhabdus, 
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195 Clostridia_vadinbb60_group, Christensenellaceae_R-7_group, Eubacterium_oxidoreducens_group, 

196 Eubacterium_eligens_group, were significantly less abundant when compared to patients with 

197 schizophrenia (p <0.05, Wilcoxon test with BH correction, Figure 6). 

198 Finally, when comparing the relative abundance between non-psychotic patients and patients with 

199 schizophrenia, 36 significantly different genera showed differential abundance. Of these, 28 genera 

200 were in higher abundance in patients with schizophrenia compared to non-psychotic patients (Figure 

201 7). Genera with decreased abundance in patients with schizophrenia were Streptococcus, Dorea, 

202 Blautia, Eubacterium_halli_group, Gemella, and Actinomyces (p <0.05, Wilcoxon test with BH 

203 correction, Figure 7). 

204 Discussion 

205 The gut microbiome through the gut-brain axis has demonstrated that gut bacteria and their 

206 metabolites can influence the brain and mental health. Several studies have demonstrated the 

207 association of the gut microbiota and depression, anorexia, schizophrenia (Akhondzadeh, 2019; 

208 Vasileva et al., 2024) 

209 Here, we found that patients with schizophrenia showed a significantly higher alpha diversity 

210 compared to non-psychotic patients and patients with early-onset psychosis by the major microbial 

211 diversity indices, Observed, Chao1, and Shannon (Figure 1). It is possible that this higher diversity is 

212 at least partly due to the age differences between the groups, as the patients with schizophrenia were 

213 adults, whereas the other two groups were adolescents, with a mean difference in age of 22 years. 

214 There are a couple of possible explanations for this higher diversity. On the one hand, microbial 

215 distributions can be age-specific or we can identify microbial signatures associated with aging, just as 

216 species diversity increases with age, which could correlate with what was observed in this study 

217 (Kim et al., 2018; Wang et al., 2024a). On the other hand, is that since patients with schizophrenia 

218 were taking antipsychotics at the time of stool collection drug treatment affects bacterial abundance 

219 as recently reported by Stiernborg et al., 2024 showing, an increase in alpha diversity in patients with 

220 schizophrenia taking antipsychotics (Xu et al., 2022; Stiernborg et al., 2024). No differences were 

221 observed between patients with early-onset psychosis and those without psychosis. 

222 Regarding beta diversity, we found statistically significant differences between the three study 

223 groups suggesting that while diagnosis may explain part of the gut bacteria variability, other factors 

224 such as age or the use of antipsychotics may also contribute to this variability. 

225 When comparing the relative abundance of genera between patients with early-onset psychosis and 

226 non-psychotic patients, we found significant differences in 8 genera. Bacterial abundance was higher 

227 for Lachnospiraceae_UCG-001, Lachnospira, Collinsella, Clostridia_UCG-0014, and the 

228 Eubacterium_ruminantium_group in patients with early-onset psychosis (Figure 5). The increase in 

229 Collinsella genus is consistent with the study conducted by Shen et al., reporting a significant higher 

230 abundance of Collinsella in patients with schizophrenia (Shen et al., 2018). In addition, Collinsella 

231 has been linked to the production of proinflammatory cytokines such as IL-17A, and the reduction of 

232 the tight junction protein expression in enterocytes, thus favoring intestinal permeability (Chen et al., 

233 2016). As for Lachnospiraceae, UCG-001, this genus is related to the production of acetic acid a 

234 short chain fatty acid (SCFA), recently reported to play an important role in cognitive dysfunction in 

235 patients with schizophrenia (Guo and Li, 2019; Li et al., 2022). The genus Lachnospira has also been 

236 identified as a producer of other SCFA such as butyrate, capable of crossing the blood-brain barrier 

237 attributed with multiple health benefits including the maintenance of mental health (Yasuno et al., 
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238 2024). In this study, we observed an increased abundance of Lachnospira in patients with early-onset 

239 psychosis which could be beneficial since increased butyrate in blood has been associated with the 

240 reduction of positive and negative symptoms in schizophrenia (Li et al., 2021). 

241 On the other hand, the abundance of Staphylococcus, Gemella and Eubacterium_halli_group were 

242 lower in patients with early-onset psychosis compared to non-psychotic patients. It is worth 

243 mentioning that Eubacterium_halli_group is an important species for metabolic balance, as it also 

244 contributes to the formation SCFA (Engels et al., 2016). 

245 When comparing the relative abundance of genera in patients with schizophrenia versus those with 

246 early-onset psychosis, 14 different genera were identified. Patients with early-onset psychosis 

247 showed a higher abundance of Bifidobacterium, Fusicatenibacter, and Erysipelotrichaceae_UCG- 

248 003 (Figure 6). Bifidobacteriumis a genus of bacteria that has been observed to be more abundant in 

249 children than in adults (Hollister et al., 2015; Chamtouri et al., 2023). The difference found in this 

250 study could be explained by age differences the early-onset psychosis group mean age is 14.84, while 

251 patients with schizophrenia mean age is 36.57. 

252 Erysipelotrichaceae UCG-003, has been linked to colorectal cancer and TNF-α-induced 

253 gastrointestinal inflammation, irritable bowel syndrome (IBS) and Crohn's disease (Chen et al., 2012; 

254 Schaubeck et al., 2016). It is known that patients with schizophrenia experience disruptions in the 

255 intestinal barrier, and consequently an increase of neuroinflammation, systemic stress, and 

256 heightened risk of developing IBS at a young age (Sung et al., 2022). The higher abundance of this 

257 bacteria in the early-onset psychosis group may indicate a process of alteration in the intestinal 

258 barrier which may prompt to biochemical and physiological mechanisms that may lead to the 

259 development of schizophrenia. 

260 In the comparison of bacterial abundance between non psychotic-patients vs. patients with 

261 schizophrenia, Dorea showed a significant decrease in SZ, a genus associated with short-chain fatty 

262 acid production and anti-inflammatory signatures (Wang et al., 2024a). Since schizophrenia has been 

263 linked to generalized inflammation, the decrease in these bacteria is consistent with the profile of the 

264 disease (Ahmed et al., 2024). 

265 Blautia showed a significant lower abundance in SZ, Blautia species have been associated with the 

266 production of the neurotransmitter GABA and the neuroactive molecule butyrate, which being 

267 negatively associated with vitamin B6 production, psychomotor impairments, cognitive and mood 

268 disorders in schizophrenia (Wang et al., 2024a). We hypothesize that this decrease may indicate a 

269 possible dysfunction in butyrate production in schizophrenia which may be compensated by 

270 Lachnospira, for which we observed a higher abundance. Overall this could be suggesting a dynamic 

271 and adaptive abundance of the gut microbiota in response to fluctuating SCFA producers, in this case 

272 a lower abundance of the genre Blautia. 

273 Variations on Streptococcus gut abundance has been reported previously showing confirming a 

274 higher abundance in patients with schizophrenia (Ma et al., 2020; Ling et al., 2023). However, here, 

275 we found the opposite i.e., a decrease in Streptococcus abundance in patients with schizophrenia 

276 compared to non-psychotic patients. This may be due to the fact that the non-psychotic patients in 

277 this study were adolescents who do not have symptoms of early-onset psychosis but do have 

278 depression, anxiety, and attention deficit hyperactivity disorder (ADHD). These findings are 

279 consistent with another study showing a decrease in Streptococcus in patients with depression (Yu et 

280 al., 2023). 
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281 Gemella and Eubacterium_halli were found to show a lower abundance in early onset psychosis and 

282 schizophrenia compared to non-psychotic patients. While Clostridia_UCG-014, Lachnospira, 

283 Lachnospiraceae_UCG-001 and Eubacterium_ruminantium_group were higher in early onset 

284 psychosis and schizophrenia compared with non-psychotic patients. It has been observed that these 

285 bacteria play a role in other diseases, such as irritable bowel syndrome, by producing SCFAs with 

286 anti-inflammatory properties (Yang et al., 2021; Li et al., 2024a; Wang et al., 2024b). Therefore, it is 

287 important to study how they interact and whether they form a network in these patients that helps to 

288 balance the inflammatory effects associated with the disease. 

289 The differential abundance of these bacteria contributes to the characterization of the gut microbiota 

290 in patients with psychosis. This characterization may potentially aid in the identification of beneficial 

291 bacterial to propose future dietary interventions. Nevertheless, it is important to highlight that there 

292 are several other factors including, diet, type of birth, the host genome, and the environment with a 

293 relevant impact on the disease and on the gut microbiota (Hollister et al., 2015; Sánchez-Quinto et 

294 al., 2020). For example, studies comparing the non-Western diet with the Western diet have found 

295 that the richness of fatty acid producing bacteria is higher in individuals with the former diet, because 

296 in part this diet could help prevent the establishment of some pathogenic bacteria (De Filippo et al., 

297 2010). 

298 The relationship between the diet and the composition of the gut microbiota is particularly relevant in 

299 Mexico, where the diet of children living in Mexico City is a Western diet characterized by a high 
300 intake of animal protein, refined vegetable oils, grains, and sugars (soft drinks, snacks, cookies, etc.), 

301 and a low intake of vegetables and fibre (Sánchez-Quinto et al., 2020). The study design did not 

302 allow to collect dietary information thus, limiting our ability seek potential associations between, the 

303 gut microbiome early-onset psychosis, schizophrenia, and the diet. Future studies considering dietary 

304 and environmental factors are warranted to gain a broader understanding of the underlying 

305 associations of diet, the gut microbiota and early-onset psychosis and schizophrenia. 

306 

307 Conclusion 

308 Significant differences in alpha and beta diversity were observed between patients with early-onset 

309 psychosis and those with schizophrenia. Bacteria such as Gemella and Eubacterium_halli showed a 

310 significant lower abundance in both groups, while Clostridia_UCG-014, Lachnospira, 

311 Lachnospiraceae_UCG-001 and Eubacterium_ruminantium_group showed a significant higher 

312 abundance, highlighting the need to investigate related metabolites and their role in disease 

313 development and treatment response. These findings emphasize the importance of considering the gut 

314 microbiota as a relevant factor in the characterization of early-onset psychosis and schizophrenia. 

315 Future research should explore interactions between these bacteria and the host genetics and 

316 epigenetic factors. Additionally, continuous collection of dietary data is crucial for understanding its 

317 influence on the microbiota and mental health, aiming to develop more effective therapeutic 

318 interventions. 
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484 Table 1. Clinical characteristics of non-psychosis subjects, patients with early-onset psychosis, and 
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Non- Early-onset Schizophrenia p.value 

psychosis  psychosis  (n=15) 

(n=21) (n=12) 

Age ± sd 14.05 ± 2.83 14.84 ± 1.95 36.57 ± 9.22 2x10-8 

Sex ratio 

(F/M) 

8/12 7/6 4/10 0.68 

BMI (kg/m2 ± sd) 24.85 ± 4.84 24.27 ± 4.45 28.33 ± 6.80 0.32 

Years of 

education (years 

± sd) 

8.0 ± 2.82 8.66 ± 2.3 11.28 ± 2.46 6x10-3 

486 
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498 Figure 1. Observed, Chao1, Shannon, and Simpson alpha diversity indices used to assess fecal 

499 microbiota richness in the non-psychotic, early-onset psychosis, and schizophrenia groups.  

 

501 Figure 2. Beta diversity indices, Bray Curtis, Jaccard, Weighted Frac and Unweighted Frac assessing 

502 the homogeneity of the bacterial communities of the non-psychosis, early-onset psychosis and 

503 schizophrenia groups. 



19  

 

 
 

515 Figure 3. Mean relative abundance of phyla distributed by non-psychosis, early-onset psychosis, and 

516 schizophrenia. The group “Other” refers to the phyla with a mean relative abundance <1%. 
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Figure 4. Mean relative genre abundance classified in non-psychosis, early-onset psychosis and 
schizophrenia group (sz). The group “Other group” refers to the genre with a mean relative 

abundance <1% and the NA are the unassigned genre. 
 

 

 

Figure 5. Differential relative abundance between non-psychotic patients and those with early-onset 

psychosis. The relative abundance is in log10. The boxes represent the mean and interquartile range 

between the first and third quartiles, the whiskers the highest and lowest values, and the dots the 

outliers (p < 0.05, Wilcoxon test with BH correction). 
 

Figure 6. Relative abundance in log10 of significantly different genera in patients with early-onset 

psychosis and schizophrenia. The boxes represent the mean and interquartile range between the first 

and third quartiles, the whiskers the highest and lowest values, and the dots the outliers (p < 0.05, 

Wilcoxon test with BH correction). 
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  538   Figure 7. Relative abundance in log10 of genera significantly different between non-psychotic 

539 patients and patients with schizophrenia. The boxes represent the mean and interquartile range 

540 between the first and third quartiles, the whiskers the highest and lowest values, and the dots the 

541 outliers (p < 0.05, Wilcoxon test with BH correction). 
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Discusión general 

 

Existen evidencias que sugieren que la microbiota intestinal, a través del eje-intestino-microbiota- 

cerebro, ejerce una influencia notable sobre la salud mental. Las bacterias intestinales y sus metabolitos 

no solo contribuyen a la digestión y la inmunidad, sino que también pueden afectar el estado de ánimo 

y el comportamiento. Varias investigaciones han establecido una asociación entre la microbiota 

intestinal y trastornos mentales como la depresión, la anorexia y la esquizofrenia (Akhondzadeh, 2019; 

Vasileva et al., 2024), sugiriendo que el equilibrio de las bacterias intestinales podría desempeñar un 

papel crucial en el mantenimiento de la salud mental. 

En este estudio evaluamos la diversidad alfa para conocer la riqueza de la microbiota en el grupo de 

pacientes no psicóticos, en el grupo de pacientes con psicosis de inicio temprano y en el grupo de 

pacientes con esquizofrenia. Para ello utilizamos 4 índices diferentes: el índice Observado que 

cuantifica la presencia/ausencia de las bacterias diferentes que hay en la muestra; el índice de Chao1 

que considera las bacterias que se observaron y las que se encuentran en baja representación para hacer 

una estimación de la riqueza total (Chao, 1984); el índice de Shannon que considera bacterias presentes 

y sus abundancias relativas (Chao and Shen, 2003); el índice de Simpson que toma en cuenta la 

filogenia de las bacterias y su abundancia relativa (Simpson, 1949). 

De acuerdo con los índices Observado, Chao1 y Shannon, identificamos que los pacientes con 

esquizofrenia mostraron una diversidad alfa significativamente mayor en comparación con los 

pacientes no psicóticos y los pacientes con psicosis de inicio temprano (Figura 1). Se plantea que este 

incremento en la diversidad alfa se deba, al menos en parte, a las diferencias de edad entre los grupos, 

ya que los pacientes con esquizofrenia eran adultos, mientras que los otros dos grupos eran 

adolescentes, con una diferencia media de edad de 22 años. Algunos estudios han reportado que existen 

distribuciones microbianas que pueden ser específicas de la edad, así como también se pueden 

identificar firmas microbianas asociadas con el envejecimiento, lo que podría correlacionarse con lo 

observado en este estudio (Kim et al., 2018; Wang et al., 2024a). 

Por otro lado, es importante considerar que los pacientes con esquizofrenia estaban tomando 

antipsicóticos en el momento de la recolección de muestras fecales, lo que podría influir en la 

abundancia bacteriana. Un estudio reciente de Stiernborg et al., 2024. reportó un aumento en la 

diversidad alfa en pacientes con esquizofrenia que toman antipsicóticos (Xu et al., 2022; Stiernborg et 

al., 2024). No se observaron diferencias entre pacientes con psicosis de inicio temprano y aquellos sin 

psicosis. 

Posteriormente se evaluó el índice de beta diversidad para saber si la riqueza de las especies era 

diferente entre los grupos estudiados, para ello se evaluaron también 4 índices: el índice Bray Curtis 

que mide la diferencia en las abundancias de cada especie presente en las diferentes comunidades (Bray 

and Curtis, 1957); el índice de Jaccard que mide que tan similares son las comunidades con base en la 

presencia/ausencia de las bacterias sin considerar sus abundancias (Real and Vargas, 1996); el índice 

de Unweighted Frac que considera la filogenia de las bacterias y la presencia/ausencia de ellas en las 

comunidades (Chen et al., 2012a); el índice Weighted Frac que considera la filogenia de las bacterias 
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así como presencia/ausencia y las abundancias de las bacterias en las diferentes comunidades (Chen et 

al., 2012a). 

Se encontraron diferencias estadísticamente significativas entre los tres grupos de estudio en los índices 

Bray Curtis, Jaccard y Unweighted Frac (PERMANOVA, p< 0.05) (Figura 2) lo que sugiere que, si 

bien el diagnóstico puede explicar parte de la variabilidad de la homogeneidad de las bacterias 

intestinales entre las comunidades, otros factores como la edad o el uso de antipsicóticos también 

pueden contribuir a esta variabilidad. 

Una vez obtenidos los índices de disimilitud de la diversidad beta, se realizó la caracterización 

taxonómica de los pacientes no psicóticos, pacientes con psicosis de inicio temprano y pacientes con 

esquizofrenia para ver cuáles eran las bacterias que diferían entre los grupos. Se obtuvieron un total de 

16 phylum, de los cuales los más abundantes fueron Firmicutes, Bacteroidota, Actinobacteriota, 

Protobacteriota y Verrucromicobiota (Figura 3). No hubo diferencias significativas entre los grupos a 

nivel phylum (Kruskal Wallis, p> 0.005) 

También se caracterizaron los géneros, encontrando un total de 270. Al comparar la abundancia relativa 

entre los pacientes con psicosis de inicio temprano y los pacientes no psicóticos, se identificaron 

diferencias significativas en 8 géneros. La abundancia bacteriana fue mayor para los géneros 

Lachnospiraceae_UCG-001, Lachnospira, Collinsella, Clostridia_UCG-0014 y el grupo 

Eubacterium_ruminantium en pacientes con psicosis de inicio temprano (Figura 5). El aumento en el 

género Collinsella es consistente con el estudio realizado por Shen et al., 2018 que informó una 

abundancia significativamente mayor de Collinsella en pacientes con esquizofrenia (Shen et al., 2018). 

Además, Collinsella se ha relacionado con la producción de citocinas proinflamatorias como la IL- 

17A, y la reducción de la expresión de la proteína de unión estrecha en los enterocitos, favoreciendo 

así la permeabilidad intestinal (Chen et al., 2016). En cuanto a Lachnospiraceae_UCG-001, este género 

está relacionado con la producción de ácido acético, un ácido graso de cadena corta (AGCC), del que 

recientemente se ha informado que desempeña un papel importante en la disfunción cognitiva en 

pacientes con esquizofrenia (Guo and Li, 2019; Li et al., 2022). El género Lachnospira también ha sido 

identificado como productor de otros AGCC como el butirato, capaz de cruzar la barrera 

hematoencefálica al que se le atribuyen múltiples beneficios para la salud, incluido el mantenimiento 

de la salud mental (Yasuno et al. 2024). En este estudio, observamos una mayor abundancia de 

Lachnospira en pacientes con psicosis de inicio temprano, lo que podría ser beneficioso ya que el 

aumento de butirato en sangre se ha asociado con la reducción de los síntomas positivos y negativos 

en la esquizofrenia (Li et al., 2021). 

Por otro lado, la abundancia de Staphylococcus, Gemella y Eubacterium_halli fue menor en pacientes 

con psicosis de inicio temprano en comparación con pacientes no psicóticos. Cabe mencionar que el 

grupo Eubacterium_halli es una especie importante para el equilibrio metabólico, ya que también 

contribuye a la formación de AGCC (Engels et al., 2016). 

Al comparar la abundancia relativa de géneros en pacientes con esquizofrenia versus aquellos con 

psicosis de inicio temprano, se identificaron 14 géneros diferentes (Figura 6). Los pacientes con 
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psicosis de inicio temprano mostraron una mayor abundancia de Bifidobacterium, Fusicatenibacter y 

Erysipelotrichaceae_UCG-003 (Figura 6). Bifidobacterium es un género de bacterias que se ha 

observado que es más abundante en niños que en adultos (Hollister et al., 2015; Chamtouri et al., 2023). 

La diferencia encontrada en este estudio podría explicarse por las diferencias de edad: la edad media 

del grupo de psicosis de inicio temprano es 14,84, mientras que la edad media de los pacientes con 

esquizofrenia es 36,57. 

Erysipelotrichaceae_UCG-003 se ha relacionado con el cáncer colorrectal y la inflamación 

gastrointestinal inducida por TNF-α, el síndrome del intestino irritable (SII) y la enfermedad de Crohn 

(Chen et al., 2012b; Schaubeck et al., 2016). Se sabe que los pacientes con esquizofrenia experimentan 

alteraciones en la barrera intestinal y, en consecuencia, un aumento de la neuroinflamación, el estrés 

sistémico y un mayor riesgo de desarrollar SII a una edad temprana (Sung et al., 2022). El incremento 

de abundancia de esta bacteria en el grupo de psicosis de inicio temprano puede indicar un proceso de 

alteración en la barrera intestinal que puede desencadenar mecanismos bioquímicos y fisiológicos que 

pueden conducir al desarrollo de esquizofrenia. 

En la comparación de la abundancia bacteriana entre pacientes no psicóticos y pacientes con 

esquizofrenia se encontraron 38 géneros diferentes (Figura 7). Dorea mostró una disminución 

significativa en SZ, un género asociado con la producción de ácidos grasos de cadena corta y firmas 

antiinflamatorias (Wang et al., 2024b). Dado que la esquizofrenia se ha relacionado con la inflamación 

generalizada, la disminución de estas bacterias es consistente con el perfil de la enfermedad (Ahmed 

et al., 2024). 

Blautia mostró una abundancia significativamente menor en SZ, las especies de Blautia se han 

asociado con la producción del neurotransmisor GABA y la molécula neuroactiva butirato, que se 

asocia negativamente con la producción de vitamina B6, deterioro psicomotor, trastornos cognitivos y 

del estado de ánimo en la esquizofrenia (Wang et al., 2024a). Nuestra hipótesis es que esta disminución 

puede indicar una posible disfunción en la producción de butirato en la esquizofrenia que puede ser 

compensada por Lachnospira, para la cual observamos una mayor abundancia. En general, esto podría 

sugerir una abundancia dinámica y adaptativa de la microbiota intestinal en respuesta a los productores 

fluctuantes de AGCC, en este caso una menor abundancia del género Blautia. 

Anteriormente se han informado variaciones en la abundancia intestinal de Streptococcus que 

confirman una mayor abundancia en pacientes con esquizofrenia (Ma et al., 2020; Ling et al., 2023). 

Sin embargo, aquí encontramos lo contrario, es decir, disminución en la abundancia de Streptococcus 

en pacientes con esquizofrenia en comparación con pacientes no psicóticos. Esto puede deberse al 

hecho de que los pacientes no psicóticos en este estudio eran adolescentes que no tenían síntomas de 

psicosis de inicio temprano, pero sí tenían depresión, ansiedad y trastorno por déficit de atención con 

hiperactividad (TDAH). Estos resultados coinciden con otro estudio que reporta una reducción de 

Streptococcus en pacientes con depresión (Yu et al., 2023). 

Gemella y Eubacterium_halli se encontraron en menor abundancia en el grupo de psicosis de inicio 

temprano y en el grupo de esquizofrenia en comparación con los pacientes no psicóticos. Mientras que 
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Clostridia_UCG-014, Lachnospira, Lachnospiraceae_UCG-001 y Eubacterium_ruminantium 

tuvieron mayores niveles de abundancia en psicosis de inicio temprano y esquizofrenia en comparación 

con pacientes no psicóticos. Se ha observado que estas bacterias desempeñan un papel importante en 

otras enfermedades, como el síndrome del intestino irritable, al producir AGCC con propiedades 

antiinflamatorias (Yang et al., 2021; Li et al., 2024a; Wang et al., 2024b). Por tanto, es importante 

estudiar cómo interactúan y si forman una red en estos pacientes que ayude a equilibrar los efectos 

inflamatorios asociados a la enfermedad. 

La abundancia diferencial de estas bacterias contribuye a la caracterización de la microbiota intestinal 

en pacientes con psicosis. Esta caracterización puede ayudar potencialmente en la identificación de 

bacterias beneficiosas para proponer futuras intervenciones dietéticas. Sin embargo, es importante 

resaltar que existen otros factores, como la dieta, el tipo de nacimiento, el genoma del huésped y el 

medio ambiente, con un impacto relevante en la enfermedad y en la microbiota intestinal (Hollister et 

al., 2015; Sánchez-Quinto et al., 2020). Por ejemplo, estudios que comparan la dieta no occidental con 

la dieta occidental han encontrado que la riqueza de bacterias productoras de ácidos grasos es mayor 

en individuos con la dieta anterior, porque en parte esta dieta podría ayudar a prevenir el 

establecimiento de algunas bacterias patógenas (De Filippo et al., 2010). 

En la Ciudad de México, la alimentación de los niños refleja un patrón occidental, caracterizado por 

un elevado consumo de proteínas animales, aceites vegetales refinados, granos y azúcares, incluyendo 

bebidas, snacks y galletas. Mientras que el consumo de verduras y fibra es notablemente bajo (Sánchez- 

Quinto et al., 2020). El diseño del estudio no permitió recopilar información dietética, lo que limitó 

nuestra capacidad de buscar asociaciones potenciales entre la psicosis de inicio temprano del 

microbioma intestinal, la esquizofrenia y la dieta. Se necesitan estudios futuros que consideren factores 

dietéticos y ambientales para obtener una comprensión más amplia de las asociaciones subyacentes de 

la dieta, la microbiota intestinal, la psicosis de inicio temprano y la esquizofrenia. 
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Conclusiones generales 

 

En conclusión, nuestro estudio encontró diferencias significativas en la diversidad alfa y beta de la 

microbiota fecal entre pacientes con psicosis de inicio temprano y aquellos con esquizofrenia. 

Específicamente, las bacterias Gemella y Eubacterium_halli mostraron una abundancia notablemente 

menor en ambos grupos, mientras que Clostridia_UCG-014, Lachnospira, Lachnospiraceae_UCG- 

001 y Eubacterium_ruminantium presentaron una abundancia significativamente mayor. Estos 

hallazgos resaltan el potencial papel de estas bacterias en la patogénesis y progresión de los trastornos 

psicóticos. La realización de este tipo de estudios contribuye a un mejor entendimiento del efecto de la 

microbiota en pacientes psicóticos, especialmente en nuestra población, donde este aspecto ha sido 

poco explorado. 
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