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RESUMEN 

 

Objetivo el objetivo de este estudio fue describir la prevalencia de 6 géneros de bacterias y 

7 Phyla más comunes de la microbiota intestinal (MI) en las muestras fecales de niños 

menores de 5 años con gastroenteritis infecciosa aguda (GIA) y los patrones clínicos y 

demográficos poblacionales.  Materiales y métodos: se analizó la base de datos de un 

estudio en donde las muestras fueron obtenidas en niños menores de 5 años hospitalizados 

con gastroenteritis aguda infecciosa en el “Hospital Docente de Cajamarca” al norte del Perú. 

Las variables cuantitativas fueron descritas en frecuencias y porcentajes de cada grupo 

usando el GraphPad Prism3 statistical (Graph Pad Software Inc., San Diego, USA). 

Resultados: las bacterias aisladas más comunes de la MI fueron Firmicutes (74/117) 

Bacteriodetes (73/117), Lactobacillus (70/117), Prevotella (67/117) Proteobacterium 

(63/117), sin tomar en cuenta el agente etiológico responsable de la GIA. Sin embargo, a 

pesar de la alta prevalencia de Firmicutes, Bacteroidetes, Lactobacillus y Prevotella en todas 

las muestras, observandose una notable reducción de éstos, especialmente entre los pacientes 

con una infección bateriana a comparación de las infecciones virales. Los pacientes con 

lactancia materna exclusiva o mixta denotaron mayor cantidad de bacterias en la MI a 

comparación de aquellos que recibieron fórmula o no recibieron. Conclusiones A pesar de 

que en este estudio solo se realizó la detección de algunas bacterias patógenas mediante un 

método cualitativo, se debe tener en cuenta que existen cambios notorios en la microbiota 

intestinal, ya sea que se curse con una infección viral o bacteriana 

 

Palabras clave: Microbiota intestinal; gastroenteritis aguda, niños; infección bacteriana; 

infección viral; infección gastrointestinal. 
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Gut microbiota in hospitalized children under 5 years with acute infective 

gastroenteritis caused by virus or bacteria in regional Peruvian Hospital 

 

ABSTRACT 

 

Objective: The main objective of this study was to describe the prevalence of 6 common 

Gut Microbiota (GM) bacterial genera and 7 bacterial phyla in stool samples from children 

under 5 years of age with acute infective gastroenteritis (AIG), as well as to describe clinical 

and demographic features from our study population. Materials and methods: we analyzed 

the data from the database of a previous study, where the samples were obtained from a 

cross-sectional study in children under 5 years of age, hospitalized due to an acute infective 

gastroenteritis (AIG) at “Hospital Docente Regional de Cajamarca”, in rural Northern Peru. 

Quantitative variables were described as frequencies and percentages for each group using 

the GraphPad Prism3 statistical (Graph Pad Software Inc., San Diego, USA). Results: The 

most commonly isolated bacteria from the GM were Firmicutes (74/117) Bacteriodetes 

(73/117), Lactobacillus (70/117), Prevotella (67/117), Proteobacterium (63/117), regardless 

of the etiological agent responsible for the AIG. Interestingly, despite the high prevalence of 

Firmicutes, Bacteroidetes, Lactobacillus, and Prevotella across all samples, patients with a 

single bacterial infection, or even bacteria – bacteria coinfections when compared to viral 

etiologies, showed a visible reduction of these agents. Patients with exclusive or mixed 

breastfeeding registered the highest amount of gut microbiota bacteria, in contrast to infants 

who received formula or were not breastfed. Conclusions: Although in this study only the 

detection of some pathogenic bacteria was performed by a qualitative method, it should be 

taken into account that there are notable changes in the intestinal microbiota, whether it is 

carried out with a viral or bacterial infection.  

Keywords: Intestinal microbiota; acute enteritis; child; bacterial infection; viral infection; 

gastrointestinal infection. 
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1 INTRODUCTION 

 

Acute infective gastroenteritis (AIG) is a leading cause of mortality in children worldwide 

[1-3]. AIG accounts for almost 2 million deaths annually in children under 5 years old, with 

the higher mortality rates concentrated in low-income countries [4,5]. In Peru, a total of 

119417 episodes of acute gastroenteritis were reported in 2017, with more than 40% of cases 

occurring in children under 5 years old [6]. 

The high morbidity rates attributed to AIG has encouraged researchers to study the role of 

the gut microbiota (GM) in the pathogenesis of this disease as well as the therapeutic 

potential of probiotic bacteria on gastrointestinal infections [7-10]. Current studies have 

demonstrated the importance of the gut microbiota in maintaining the integrity of the 

intestinal mucosa [11]. Additionally, GM is responsible for maintaining cell-to-cell junctions 

of the enterocytes, acting as a defense barrier called “colonization resistance” preventing 

future viral and bacterial infections [12-14] 

In Peru, published information regarding how the interactions between the GM and 

gastrointestinal pathogens can affect our patients’ health is limited. The main objective of 

this study was to describe the prevalence of 6 common GM bacterial genera and 7 bacterial 

phyla in stool samples from children under 5 years of age with AIG, using qualitative PCR, 

as well as to describe clinical data and demographics from our study population. 
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2 MATERIALS AND METHODS  

 

2.1 Patients and Study Design 

 

The data obtained from a cross-sectional study in children under 5 years of age hospitalized 

due to an acute infective gastroenteritis (AIG) at “Hospital Docente Regional de Cajamarca” 

in rural Northern Peru [15], was analyzed.  

The original study [15], enrolled 117 hospitalized children with AIG from January 2010 to 

December 2012 for etiological identification in stool samples of the following pathogens: 

Rotavirus, Adenovirus, Norovirus, C. jejuni, C. coli, Shigella, Salmonella, 

Enteroaggregative E. coli (EAEC) and Enteropathogenic E. coli (EPEC).  

The diagnosis of AIG was defined as diarrhea lasting less than 14 days along with symptoms 

and signs such as fever, nausea, vomiting, and dehydration based on the guidelines' criteria 

of the European Society for Pediatric Infectious Diseases. Nutritional status and dehydration 

status were based on the World Health Organizations' criteria using Z-scores (weight for 

age).  

Qualitative PCR was used to detect 6 common GM bacterial genera including Veillonella, 

Bacteroides, Lactobacillus, Prevotella, Enterococcus, and Clostriudium; and 7 bacterial 

phyla such as Bacteriodetes, Fusobacterium, Firmicutes, Actinobacterium, Bifidobacterium, 

Eubacterium, Proteobacteriu. However, the original study´s authors proceeded to describe 

the frequencies regardless of the bacterial gender or phylum, so the present study took it into 

account to pursue the main objective.   
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2.2 Ethics Statement  

 

This study was approved by the Ethics Committee from Universidad Peruana de Ciencias 

Aplicadas in Lima, Peru. The samples were obtained in the context of the epidemiological 

surveillance program of the DIRESA - Cajamarca, its use was authorized by that entity and 

the initial study approved by the ethics committee of the Regional Hospital of Cajamarca 

with the possibility of carrying out future analyzes with the samples obtained. 

 

2.3 Samples 

 

The samples from the original study were stored at -20°C at the laboratory of the Research 

Center e Innovation for Health Sciences, Universidad Peruana de Ciencias Aplicadas (Lima, 

Peru). 

2.4 Nucleic Acid extraction (DNA) 

 

DNA extraction was performed from 200 μL of the fecal suspensions using a High Pure 

PCR template preparation kit (Roche Applied Science, Mannheim, Germany), in 

accordance with the manufacturer’s instructions. Viral RNA/DNA obtained after extraction 

was eluted in 100 µl of nuclease-free water and then processed or stored at -20°C until use. 

 

2.5 PCR amplification for detection Gut Microbiota 

 

The analyzed bacteria from the gut microbiota were amplified using DNA extracted from 

fecal samples and primers previously described by Murri et al [16]. Amplifications were 

initiated with an incubation at 95°C for 2 min, followed by 40 cycles of 95°C for 30 s; 58°C 

for 30 s, and 72°C for 30 s; with a final extension at 72°C for 5 min. Amplified products 
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were visualized on a 2.5% agarose gel containing 3 g/mL of ethidium bromide in 1 x Tris-

borate buffer and photographed under violet illumination (UV Transilluminator KODAC 

LOGIC 1500, New Heaven, USA).    

 

2.6 Data Analysis  

 

Quantitative variables were described as frequencies and percentages for each group using 

the GraphPad Prism3 statistical (Graph Pad Software Inc., San Diego, USA). The frequency 

distribution was analyzed using  2-test. The authors could not get more data information 

such as type of delivery, daycare attendance, vaccines, diet and genetic factors; due to the 

objective original study did not focus on these variables.  

 

3 RESULTS 

 

A total of 117 samples from patients under 5 years old with AIG were analysed via 

qualitative PCR to detect 6 common GM bacterial genera and 7 bacterial phyla from the gut 

microbiota (GM). In our study population, infants younger than 12 months-old were the most 

common age group (36.7%) followed by children between 18 months and 5 years old 

(32.5%), and finally the remaining was 31%. Mixed breastfeeding was the most frequent 

practice in 39.3%, followed by exclusive breastfeeding in 29.1%.   Clinical symptoms were 

registered at admission by the attending physicians. Nausea and vomits were the most 

common complaint in 59% of patients (69/117), followed closely by fever in 54.7% 

(64/117). Mild dehydration was the most common established complication (65.8%), 

compared to moderate and severe dehydration with 32.5% and 1.7%, respectively.    
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The distribution of GM of different types of gastrointestinal infection (e.g. virus, bacteria, 

or their coinfections) were similar or showed no significant differences between them 

(p>0.05) (Figure 1). However, the most commonly isolated bacteria from the GM were 

Firmicutes (74/117) Bacteriodetes (73/117), Lactobacillus (70/117), Prevotella (67/117) 

Proteobacterium (63/117). These 5 bacteria were also the most frequently isolated in all our 

samples regardless of their etiological agents isolated (Table 1). On the other hand, a visible 

reduction of Actinobacterium, Enterococcus and Fusobacterium was observed among the 

patients, especially between those who coursed with a single bacterial infection or even 

bacteria – bacteria coinfection when compared to viral etiologies. Furthermore, there were 

viral and bacterial etiologies who showed a greater disruption in the GM, being the most 

representative of these ones, Adenovirus and Shigella flexneri. The latter being the one 

showed a low detection of Clostridum (1/31), Veillonella (1/31), Enterococcus (2/31), 

Actinobacterium spp. (3/31),  Bifidobacterium (4/31) and Fusobacterium spp (4/31) and 

Eubacterium ,compared with Adenovirus who only showed a low detection Bifidobacterium 

(2/17) and undetectable samples of Fusobacterium (0/17). On this matter, Adenovirus was 

the only viral etiology who showed a complete absence of detection for one of the GM 

bacteria. This null detection frequencies's trend has been also observed in other bacterial 

etiologies, such as Campylobacter jejuni with Enterococcus and Fusobacterium; as well as 

EAEC with Enterococcus. In addition, we shall stand out that Fusobacterium was the most 

impaired by all viral etiologies as well as the majority of bacterial agents, followed by 

Enterococcus.  (Figure 1) (Table 2). 

Finally, gut microbiota variations were also studied among the several types of breastfeeding 

practices in children with an acute gastroenteritis. Patients with exclusive or mixed 

breastfeeding registered the higher frequency of the detection of gut microbiota bacteria, in 

contrast to infants who received formula or were not breastfed (p<0.05) (Figure 2).  
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Table 1. Gut Microbiota detected in patients with viral and bacterial acute gastroenteritis (2 test, p>0.05). 

Gut Microbiota  

 

VIRUS BACTERIA 

Rotavirus 

(n=42) 

Adenovirus 

(n=17) 

Norovirus 

(n=14) 

C. jejuni 

(n=5) 

C.coli 

(n=13) 

Shiguella 

(n=31)  

Salmonella 

(n=3) 

EAEC EPEC 

aai 

(n=10)  

aat 

(n=1) 

eae 

(n=1) 

Firmicutes 

(n=74) 
37/42 16 /17 9/14 4/5 12/13 29/31 3/3 10/10 1/1 1/1 

Bacteriodetes 

(n=73) 
37/42 15/17 11/14 4/5 11/13 29/31 3/3 10/10 1/1 1/1 

Lactobacillus 

(n=70) 
39/42 14/17 13/14 4/5 13/13 26/31 3/3 9/10 1 /1 1/1 

Prevotella 

(n=67) 
34/42 14/17 10/14 3 /5 10/13 26/31 3/3 10/10 1/1 1/1 

Proteobacterium 

(n=63) 
35/42  12/17 11/14 4/5 13/13 24/31 3/3 8/10 1/1 1/1 

Bacteriodes 

(n=52) 
28/42 13/17 12/14 2/5 6/13 17/31 2/3 7/10 0/1 0/1 

Clostridium 

(n=29) 
23/42 6/17 9/14 1/5 2/13 1/31 2/3 7 /10 1/7 0/1 

Veillonella 

(n=29) 
22/42 15/17 6/14 2/5 4/13 1/31 1/3 6/10 1/1 1/1 
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Eubacterium 

(n=24) 
16/42 6/17 8/14 1/5 2/13 5/31 1/3 4/10 1/1 0 /1 

Bifidobacterium 

(n=22) 
12/42 2/17 5/14 2/5 3/13 4/31 0/3 3 /10 1/1 1/1 

Actinobacterium 

(n=20) 
11/42 6/17 3/14 1/5 4/13 3/31 0/3 1/10 1/1 0/1 

Enterococcus 

(n=15) 
5 /42 4/17 2/14 0/5 3/13 2/31 1/3 0/10 0/1 1/1 

Fusobacterium 

(n=8) 
4/42 0 /17 1 /14 0/5 1/13 4/31 1/3 1/10 0/1 0/1 

EAEC aai: Entero-agregattive E. coli aai  

EAEC aat: Entero-agregattive E. coli aat 

EPEC eae: Entero-patogenic E.coli eae 
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Table 2. Gut Microbiota detected in patients with co-infections in acute gastroenteritis (2 test, p>0.05). 

Gut Microbiota Virus 
(n=51) 

Virus-Virus 
(n=13) 

Virus- Bacteria 
(n=28) 

Bacteria 
(n=18) 

Bacteria-Bacteria 
(n=6) 

Firmicutes (n=74) 43/51 11/13 26/28 15/18 6/6 

Bacteriodetes (n=73) 42/51 12/13 25/28 16/18 6/6 

Lactobacillus (n=70) 45/51 12/13 9/28 13/18 6/6 

Prevotella (n=67) 39/51 11/13 25/28 13/18 5/6 

Proteobacterium 

(n=63) 

37/51 12/13 25/28 11/18 2/6 

Bacteriodes (n=52) 33/51 12/13 16/28 7/18 3/6 

Clostridium (n=29) 23/51 9/13 15/28 5/18 2/6 

Veillonella (n=29) 24/51 8/13 13/28 7/18 1/6 

Eubacterium (n=24) 18/51 10/13 9/28 4/18 0/6 

Bifidobacterium 

(n=22) 

15/51 4/13 5/28 6/18 1/6 

Actinobacterium 

(n=20) 

16/51 4/13 7/28 3/18 0/6 

Enterococcus (n=15) 7/51 2/13 3/28 4/18 0/6 

Fusobacterium (n=8) 3/51 9/13 3/28 2/18 2/6 
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Figure 1. Gut Microbiota detected in patients with single etiologies vs co-infections. 
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Figure 2. Gut microbiota variations among the different types of breastfeeding in children with acute gastroenteritis 
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4 DISCUSSION 

 

The gut microbiota (GM) is a complex community of microorganisms residing in the human 

gastrointestinal tract (HGIT). This collection of bacteria, archaea, and eukarya offer benefits 

to the host strengthening gut integrity, protecting against potential pathogens and regulating 

host immunity [7-14]. However, alterations in the microbiota composition, also known as 

dysbiosis, can result in the disruption of these protective mechanisms increasing their risk 

for infections [7,8,17]. This study main objective was to describe the prevalence of 6 

common GM bacterial genera and 7 bacterial phyla in stool samples from children under 5 

years of age with AIG with different etiologies. 

The most common causes of AIG in children are viruses in approximately 70% of cases, 

followed by bacteria in 10-20% [18,19]. Among the viral etiologies, Rotavirus is the most 

frequent pathogen with different viral strains varying by season and geographies and 

affecting primarily children under 5 years old [18-20]. Furthermore, in underdeveloped 

countries, pathogenic bacteria can be the leading cause of AIG being E. coli the most 

commonly isolated etiology followed by Shigella flexneri [18,21,22]. In our population, a 

viral etiology was isolated in 63.2% of all samples and bacteria were detected in 54.7%. 

Rotavirus was the most common etiology detected in 36.8% (43/117) of our samples, 

followed by Shigella in 26.5% (31/117).  

Another important point is the dehydration. Clinical signs of it are not usually present until 

the children have lost at least 5% of his body weight; thus, determining the degree of 

dehydration in children can be challenging to clinicians [18]. To assess the hydration status 

in children with AIG we took into account the clinical findings, the percentage of weight 

loss, the etiological agent and the performed treatment. In this study, most of the patients 
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presented mild (65.8%) and moderate (32.5%) dehydration, such is so the oral rehydration 

was the most frequent therapy of choice, with only 7.6% of our patients requiring 

intravenous rehydration. Furthermore, not surprisingly, Rotavirus, in which mild to 

moderate dehydration is the most common sign, was the most common etiology in our 

population. 

Undernutrition in children is associated with a reduced microbiota diversity, characterized 

by a low prevalence of Bacteroidetes and a high number of Proteobacteria. This susceptible 

population has a higher infection risk for Klebsiella and Escherichia [23-26]. Moreover, a 

study in Indian found that infections due to Escherichia, Streptococcus, Shigella, 

Enterobacter, and Veillonella generate are more frequent in children with a malnutrition 

[23]. In our study, only 14.5% (17/117) of patients had chronic malnutrition as a risk factor 

for acute gastroenteritis and only 4 cases of Shigellosis and 3 cases of EAEC were observed. 

Likewise, Proteobacterium were less common among patient with a bacterial AIG. 

Another important point is breastfeeding. Studies have shown that it provides prebiotics and 

bacterial communities that stabilize the GM during the first year of life, including 

Bifidobacterium, Lactobacillus and Bacteriodetes [27,28]. This beneficial effect has been 

reported in breastfed and mixed-fed infants who acquire a greater amount of bacteria from 

the human milk compared to their counterparts [24].  In our study, most of our patients had 

mixed feeding (39.3%), followed by those who received an exclusive breastfeeding (29.1%). 

The GM bacteria in those feeding patterns which included human milk presented a higher 

frequency of detection specially in Bifidobacterium, Actinobacterium and Enteroccus 

bacteria. This finding further supports the study of Bäckhed et al [28] who showed that the 

sole presence of human milk predisposes to greater GM diversity compared to the population 

who was not breastfed. In addition, we must stand out there are some bacteria who need 



13 

 

being supported by human milk or formula such as Enterococcus and Actinobacteirum, who 

were undetectable in people who received none, as we can note in our study.  

In our population, the most prevalent microbiota bacteria were Firmicutes (63.2%) 

Bacteriodetes (62.4%), Lactobacillus (59.8%), Prevotella (57.3%), Proteobacterium 

(53.8%), and Bacteroides (44.4%). On the other hand, Clostridium (24.8%), Veillonella 

(24.8%), Eubacterium (20.5%), Bifidobacterium (18.8%), Actinobacterium (17.1%), 

Enterococcus (12.8%) and Fusobacterium (6.8%) were the least common detected. These 

last three can guide us that the mere presence of any etiological agent, whether viral or 

bacterial, can be disruptive for these GM bacteria. That is why those who can generate any 

alteration in their homeostasis are, principally, the cytotoxic bacteria such as Shigella and E. 

coli species. Such is so, the low detection of Enterococcus, Bifidobacterium and 

Fusobacterium was due to the presence of Shigella flexneri and EAEC, however, we shall 

state that some viral etiologies, such as doble stranded linear DNA viruses, can be dangerous 

for Enterococcus, specially Adenovirus, who can disturb the intestinal pH generating an acid 

one leading to death of Enterococcus who predominantly lives in alkaline pH [29]. As stated 

elsewhere, the decrease of GM communities, such as the ones who were absent, are 

correlated with chronic disease due to the persistent inflammatory state created by dysbiosis 

[30]. Many of these ones are autoimmune diseases and they are linked to this trend such as 

Crohn’s disease in which the pivot GM finding is the decreased Bifidobacterium and 

Fusobacterium [31], whereas the Ulcerative Colitis has the same pattern of GM, but with a 

more predominant decrease of Fusobacterium [32]. On the one hand, there are other 

contexts, such as Henoch-Schönlein purpura where the keystone is the detection in the 

Enterococcus who play a role in the pro-inflammatory state [33].    Although our study has 

used a qualitative assay, we have observed the absence of these GM communities. That why 

we can also hypothesize that the lack of those specific bacterial communities exerts the pro-
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inflammatory states in chronic diseases and may play a role as protective GM bacteria. 

However, it is difficult to speculate what these frequencies implies in our patient since this 

is a novel research field. Nonetheless, based on currently published studies on these 

microbiota bacteria different hypothesis can be proposed.  

Although the human GM contains at least 1000 different species of known bacteria, 

protective mechanisms against AIG have been described in only a few of them. For example, 

Bacteroides, which is the most predominant anaerobic bacteria in the HGIT, provide sugar 

molecules through carbohydrate fermentation which are important in the activation of T-

cell-dependent immune response, and the expression of protective proteins from the Paneth 

cell (defensins and Ang4) [34]. Further bacteria such as Proteobacterium play an important 

role in the transition from the neonatal to adult microbiota, favouring colonization by 

obligate anaerobes; which later are replaced by Firmicutes and Bacteroidetes. These bacteria 

were commonly detected in our patients, with no significant difference in their prevalence 

across the different etiologies isolated. However, an increased number of Firmicutes and 

Bacteroidetes in the gut can be used as an indicator of dysbiosis [35, 36]. Thus, the increased 

prevalence of them may be a signal of dysbiosis, which lead to the disruption of these 

protective mechanisms.  

Another important bacteria are Lactobacillus, which are a major probiotic factor for other 

bacteria, as well as a modifier of the cell surface glycan, enhancing the action of 

Bacteroidetes [14]. Additionally, Lactobacillus serves as a microbiota stabilizer between 

other communities exchanging DNA traits and other soluble factors [37].  Lactobacillus was 

common in our patients and some strains, such as Lactobacillus GG, may reduce the duration 

of diarrhea in AIG [38], playing an important in the treatment. 
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On the other hand, there are other bacteria such as Bifidobacterium whose main role is down-

regulate pro-inflammatory responses in the gut epithelium, while Clostridium spp. providing 

substrates from products of fermentation acting as an impressive anti-inflammatory by 

avoiding the activation of the transcription factor, NF-KB [39, 40]. Both of these bacteria 

were not predominantly detected in our population.   

On the one hand, another anti-inflammatory bacteria, such as Enterococcus, contributes to 

colonic homeostasis through PPARγ1-induced IL-10 and TGF-B expression and can reduce 

the severity of infectious diarrhea in children. Furthermore, it is used as a probiotic agent, as 

well as part of the fecal microbiota transplant along with Lactobacillus casei [41]. As we 

looked above, Enterococcus was less commonly isolated, especially in patients with 

Shigellosis which has a high inflammatory destruction of the intestinal barrier.  Nevertheless, 

despite of our results we shall stand out that Enterococus has many types of human gut 

protection. One of them are the bacteriocins, also known as enterocins. These ones are active 

against Gram-positive foodborne pathogens such as Lysteria Monocytogenes. There are a 

wide variety of them. For example, enteroncins DD28 and DD93 have been reported to be 

active against to MRSA and VRE, and preventing biofilms formation. Another enterocins 

have shown an antifungal activity through the inhibition of the growth of some mold spores 

such as duracin in the HGIT. Likewise, the enterocin DD14 was reported being active against 

Clostridium genera, and can also control Campylobacter spp. and C. perfringens infections. 

However, it can be controversial for us since our study showed a marked low detection of 

Enterococcus in patients who coursed under Campylobacter jejuni infection. The last but 

not least, enterocin M4-5 it is a bacteriocin produced by Enterococcus when there is a 

disruption of the GM and the epithelium, generating butyrate that induce a significant anti-

inflammatory effect. This is why the Enterococcus can be used as a probiotic as well as a 

prophylactic treatment for inflammatory bowel disease [42].    
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Further bacteria that is important for the GM is Actinobacteria phylum who represents the 

minority of the GM, playing a pivotal role in the development and the maintenance of the 

gut homeostasis, mainly in the modulation of the gut permeability, metabolism and its role 

of the gut-brain axis. Its main class called Bifidobacterium, is the main producer of short 

chain fatty acids (acetate and butyrate). It produces high concentration of acetate that protect 

the host from the enteropathogenic infections, especially from Shigella and Entero-

hemorragic E. coli [43]. Moreover, Actinobacterium and Bifidobacterium are involved in 

the process of transformation of linoleic acid into cojungated linoleic acids, those who have 

the anti-inflammatory potential and the properties like anti-diabetes, anti-atherosclerosis, 

etc. On the other hand, a decreased number of Actinobacterium is associated with an 

enhancement of gut permeability that leads to traslocation of LPS into the serum. This trigger 

the immune system leading to the diabetes and liver diseases [43]. Finally, dysbiosis and the 

increased gut permeability are associated with an up-regulation of systemic inflammation 

through the direct neural communication between the enteric nervous system and the vagus 

nerve [43]. 

Finally, Veillonella and Fusobacterium were expected to be less commonly isolated as both 

have a predilection for oral cavity, working as a bridge organism between early and late 

colonizers [44], being normal their low detection in our samples. 

This study is among the first ones to describe the most important GM bacteria’s different 

prevalences in patients with multiple etiologies of AIG. However, as we have discussed 

previously it is difficult to hypothesize what these frequencies implies in our patient due to 

the novelty of this field and the study limitations, especially because of the used qualitative 

method.  
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5 CONCLUSIONS 

 

In conclusion, despite the etiology of the infection, the most frequent bacteria identified were 

Firmicutes, Bacteroidetes, Lactobacillus, Prevotella, and Proteobacterium, while the most 

affected were Actinobacterium, Enteroccocus and Fusobacterium. However, despite the 

frequencies, there are some important bacteria which has a crucial role maintaining the 

integrity of the GM and the enteric epithelium among all described GM bacteria, such as 

Bacteroidetes, Enterococcus, Bifidobacterium and Actinobacterium, whose main roles are 

stabilize the GM. Such is so, we can see that the most affected are the ones who promote the 

homeostasis and the continuity of the intestinal microbiome. Furthermore, despite of being 

allocated into risk group, including microorganisms harboring virulence factors, 

Enterococcus acts as a reservoir for dissemination of antibiotic resistance. This is because 

the broad inhibitory spectra of its bacteriocins make them appropriate candidates to protect 

the HGIT from high and dangerous to bacterial etiological agents such as H. pilory, 

Salmonella spp., C. difficile, L. monocytogenes, and entero-hemorragic E. coli. Also we 

have to take into account the Actinobacterium and the Bifidobacterium whose main roles fall 

in the modulation of gut permeability and the brain axis, both of them play a crucial role 

when there is a pro-inflammatory state, whether an infection or a systemic disease 

throughout a high concentration of small chain fatty acids, promoting a protective barrier in 

the mucosa, and stabilizing the GM along with Bacteroidetes. These data guide us that every 

GM bacteria has an important role to maintain the homeostasis. Finally, many of these 

described GM bacteria are used as a probiotic, but what are the requirements that any 

probiotic must have? Well, this question has 4 important parts that every probiotic must have 

to. First, every probiotic shall have tolerance to human gastric juice and bile. Second, all of 

them must be able to adhere to the epithelial surfaces of the HGIT. Third, they should be 
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able to protect the GM integrity from gastrointestinal pathogens, and last but not least, they 

must be able to stabilize and modulate the GM appropriately. For all of above, why does the 

clinicians prefer to prescribe a single bacteria regimen as a probiotic? After the results of 

this study, we are able to hypothesize that the current treatment regimens must focus on a 

symbiotic therapy, which content more gut microbiota bacteria instead of the single regimen, 

such as Lactobacillus regimens, which are the most used ones in the AIGs, since the bacteria 

of the intestinal microbiota are distributed in a same way in viral, bacterial gastroenteritis or 

in various co-infections. In addition, we recommend to perform more studies focusing in the 

most impaired bacteria in this study such as Enterococcus and Actinobacterium, who play 

an important role in the pathophysiology of inflammatory and infectious diseases. It can be 

convenient since it could give rise to future researches being able to carry out works focused 

on the GM in a global way, leading to a possible change in the treatments, using symbiotics 

instead of probiotics. 

   

6 LIMITATIONS 

 

First, samples were obtained only once during the acute event of gastroenteritis, being 

important have a pre and post sample to compare the changes in GM. Another limitation is 

that the microbiota disruption is skewed in certain cases, such as the fact that there are mixed 

infections of pathogenic microorganisms, which cause an overestimation or underestimation 

of the final result. Further one is the lack of normal range values to determine if the number 

of bacteria from the GM we isolated are decreased or augmented. Nonetheless, we tried to 

compare our findings with GM bacteria known to be more predominant in different regions 

of the GI tract. Also, an interesting finding, such as the visible reduction of GM bacteria 
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among patients with a bacterial infection or the higher number of GM in a patient receiving 

exclusive or mixed breastfeeding were worth mentioning; however, it is not possible to 

determine a cause-effect relationship. Finally, the database did not assess fungal neither 

parasitic gastrointestinal infections.  
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