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Studies on gut microbiome changes in neonatal Korean indigenous calves with 
diarrhea are rare. In this study, 14 normal calves and 11 calves with diarrhea were 
selected from Korean indigenous calves up to 30 days of age and classified into 
three groups at 10-day intervals (1–10, 11–20, and 21–30 days). Feces from 25 
calves were collected, and the diversity, similarity, structure, and correlation of the 
gut microbiome were analyzed. Firmicutes, Bacteroidetes, and Proteobacteria were 
predominant in the taxonomic composition of the gut microbiome of the calves 
regardless of the presence of diarrhea. However, Proteobacteria increased and 
Bacteroidetes and Actinobacteria decreased in calves with diarrhea. In addition, calves 
with diarrhea showed a significant decrease in the diversity of the gut microbiome, 
especially for anaerobic microorganisms Faecalibacterium prausnitzii, Gemmiger 
formicilis, and Collinsella aerofaciens. The microbial communities in calves with 
diarrhea and normal calves were distinct. By analyzing the microorganisms that 
showed correlation with diarrhea and age using linear discriminant analysis effect 
size, at the genus level, Prevotella and Lachnospiraceae_uc were significantly related 
in the normal (11–20 days) group whereas Enterobacterales, Gammaproteobacteria, 
Enterobacteriaceae, Escherichia, and Proteobacteria were significantly associated 
with diarrhea in the 11–20 days group. Futhermore, the normal (21–30 days) 
group showed significant correlation with Blautia, Provotellaceae, Muribaculaceae, 
Christensenellaceae, and Catenella, whereas the diarrhea (21–30 days) group 
showed significant correlation with Dorea. The microorganisms associated with 
diarrhea in calves were mainly known as harmful microorganisms, we confirmed 
that there is a relationship between the increase in harmful bacteria and diarrhea. 
These results show that diarrhea significantly affects the gut microbiome of Korean 
indigenous calves. The changes in the gut microbiome of Korean indigenous 
calves observed in this study could be helpful in predicting and managing diarrhea 
calves, and furthermore, in establishing preventive measures for calf diarrhea 
through management of gut microbiome.
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1 Introduction

The gut microbiome plays an important role in maintaining host health. Cattle have a large 
microbial community from birth; however, the gut microbiome of neonatal calves, which has 
not yet been established, constantly changes due to various causes. The presence or absence of 
colostrum intake immediately after birth in calves affects the ratio of harmful bacteria in the 
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gut microbiome, and the change in feed from milk to solid feed as the 
calves grow brings about a clear change in the gut microbiome 
(Hartinger et  al., 2022; Song et  al., 2019). In addition, the fecal 
microbiota of calves is affected by the type of feed and sex, which 
creates differences in the ratio of Firmicutes/Bacteroidetes related to 
feed efficiency (Sim et al., 2022). And the breeding environment can 
also affect the gut microbiome, such as grazing on pastures increases 
the diversity of the gut microbiome (Jung et al., 2022).

In calves, dysbiosis of the gut microbiome due to diarrhea or 
antibiotics affects host immunity, metabolism, and protection against 
pathogens (Khalil et al., 2022; Amin and Seifert, 2021). Additionally, 
a decrease in the abundance of microbial genes related to amino acid 
metabolism has been observed in calves with diarrhea (Gomez et al., 
2017). The microbiota of newborn calves can have long-term effects 
on the health, of not only the calves but also the cattle (Kerr et al., 
2015); previous study reported that differences in the gut microbiome 
existed between calves infected with bovine coronavirus and normal 
calves, even after recovery from diarrhea (Kwon et  al., 2021). In 
addition, improving the microbiota through the intake of beneficial 
microorganisms and fecal microbiota transplantation is helpful for the 
growth and health of calves (Du et al., 2023; Kim et al., 2021). An 
increase in Porphyromonadaceae in the gut microbiome due to 
microbial transplantation improves diarrhea in Korean indigenous 
calves, and has a potential role in growth performance (Kim et al., 
2021). Additionally, an increase in Faecalibacterium spp. in the gut 
microbiome of calves increases their body weight and reduces the 
incidence of diarrhea, whereas an increase in Escherichia coli is highly 
correlated with the occurrence of gastrointestinal diseases (Slanzon 
et al., 2022; Oikonomou et al., 2013).

Diarrhea in newborn calves is a major cause of mortality, and 
when it occurs, it causes many problems such as growth retardation, 
environmental contamination due to antibiotic use, and economic loss 
to livestock farms (Hur et al., 2013; Kim et al., 2015; Sischo et al., 1990; 
Urie et  al., 2018; Wittum et  al., 1993). Diarrhea is caused by a 
combination of infectious and non-infectious factors (Bendali et al., 
1999; Frank and Kaneene, 1993; Lorenz et al., 2021; Windeyer et al., 
2014). Newborn calves are at high risk of colonization by intestinal 
pathogens because of their immature gut microbiome, and diarrhea is 
more common (Caballero-Flores et al., 2023; Kim et al., 2017; Li et al., 
2019; Pickard et al., 2017). Many studies have reported that diarrhea 
causes an imbalance in the gut microbiome, and that there are 
significant differences in the gut microbiome between healthy calves 
and calves with diarrhea (Oikonomou et al., 2013; Shi et al., 2023; 
Zeineldin et al., 2018; Schwaiger et al., 2022). In newborn calves, the 
diversity of the gut microbiome was significantly reduced after 
rotavirus infection, which causes diarrhea, and significant differences 
in the composition of the gut microbiome were confirmed compared 
to healthy calves (Kim et al., 2023; Cui et al., 2023; Jang et al., 2019). 
Previous study reported a significant decrease in Lactobacilli up to 
24 h before the onset of diarrhea in newborn calves (Schwaiger et al., 
2022). Despite significant changes in the gut microbiome of calves due 
to diarrhea, most studies on Korean indigenous calves are still focused 
on detecting the causative agents of diarrhea in calves, and studies 
related to changes in the intestinal environment of neonatal Korean 
indigenous calves due to diarrhea are still lacking (Kim et al., 2021; 
Chae et al., 2021; Kim et al., 2016; Ryu et al., 2020).

Domesticated Korean indigenous cattle, called Hanwoo, produce 
about 1 million calves annually. Korean indigenous cattle are mainly 

managed systematically in indoor farms, but digestive diseases in 
calves still occur frequently (Kim et  al., 2015). The intestinal 
microbiota plays an important role in the health of calves, and 
understanding these microorganisms will aid in the management of 
the health of calves. However, since there are differences in the gut 
microbiome depending on the calf species, there is a lack of data on 
the gut microbiome of Korean indigenous calves. Furthermore, an 
appropriate method for managing the intestinal microbiota is needed. 
Therefore, this study investigated the effects of diarrhea on the gut 
microbiome of Korean indigenous calves of different ages. To this 
end, the diversity and structure of the fecal microbiota of Korean 
indigenous calves with and without diarrhea were analyzed to 
identify differences in the gut microbiome. The aim was to identify 
key microorganisms associated with diarrhea in calves that could 
be used as biomarkers for with efficient growth and management of 
the health of calves through early diagnosis and prevention 
of diarrhea.

2 Materials and methods

2.1 Ethics statement

This study was approved by the Institutional Animal Care and Use 
Committee of the National Institute of Animal Science, Republic of 
Korea (JBNU IACUC no. NON2023-123).

2.2 Animals

To determine the differences in the gut microbiome according to 
diarrhea, feces were collected from 14 normal calves and 11 calves 
with diarrhea (Jeonbuk, South Korea) and under 30 days of age. Based 
on the judgment of an experienced veterinarian, calves that had no 
clinical problems after birth and a fecal score of 0 (normal) were 
selected as normal calves, and calves with a fecal score of 2 (runny) or 
3 (watery) were selected as calves with diarrhea (Larson et al., 1977). 
All calves with normal or diarrhea were born at similar times on the 
same farm, received colostrum immediately after birth, and raised 
under the same management practices. The calves were grouped 
according to age into as 1–10 days old (normal, n = 5; diarrhea, n = 3), 
11–20 days old (normal, n = 4; diarrhea, n = 5), and 21–30 days old 
(normal, n = 5; diarrhea, n = 3) groups (Table 1).

All feces were collected directly from the anus by wearing rectal 
examination gloves and massaging the rectal wall with fingers to relax 
it and encourage defecation. The collected feces were placed in sterile 
50 mL tubes (Conical Tube, SPL Life Sciences, Pocheon, Korea) and 
transported to the laboratory under refrigeration. After dispensing 1 g 
of the fecal samples into 1.5 mL tubes (Axygen Scientific, Union City, 
CA, United States), they were stored at −20°C until analysis.

2.3 DNA extraction and polymerase chain 
reaction

The total genomic DNA of microorganisms present in the 25 fecal 
samples was extracted using a DNA extraction kit (FastDNA SPIN Kit 
for Soil, MP BIO) (Seethalakshmi et al., 2024).
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The amplification and sequencing of the 16S rRNA gene of 
microorganisms extracted from each fecal sample was used as a 
template, and the V3/V4 region of the 16S rRNA gene was amplified 
using primers 341F and 805R and polymerase chain reaction (PCR) 
equipment (PTC-200 Peltier thermal cycler, MJ Research, Waltham, 
MA). The PCR conditions were pre-denaturation at 94°C for 3 min, 
followed by 28 cycles of denaturation at 94°C for 30 s, annealing at 53°C 
for 40 s, elongation at 72°C for 1 min, and then final extension at 72°C 
for 5 min. Secondary amplification for the attachment of the Illumina 
NexTera barcode was performed using the i5 forward and i7 reverse 
primers. The PCR conditions were pre-denaturation at 94°C for 3 min, 
followed by 8 cycles of denaturation at 94°C for 30 s, annealing at 53°C 
for 40 s, elongation at 72°C for 1 min, and then final extension at 72°C 
for 5 min. The primers and sequences used are listed in Table 2.

The amplified PCR products were purified using a QIAquick PCR 
Purification Kit (Qiagen, Valencia, CA, United States) and subjected 
to electrophoresis to select DNA with a sequence length of 300 bp or 
longer. DNA fragment lengths were determined using an Agilent 
2,100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). A 
library was constructed using the amplified products, and sequencing 
was performed using MiSeq (Illumina).

2.4 Gut microbiome analysis

The base sequence data obtained from the MiSeq results were 
classified by sample using the Mothur software.1 The paired-end reads 
for each sample were then made into a single contig, and sequence 
filtering was performed to meet the criteria for quality control (Schloss 
et  al., 2009). The filtered reads were analyzed for alpha diversity 
(operational taxonomic unit (OTU), rarefaction curve, Shannon-
Wiener, Chao1, etc.), and microbial community structure and 
relationships at the phylum, class, order, family, genus, and species 
levels were identified using the EzBioCloud server2 and CL community 
(ChunLab Inc., Seoul, Republic of Korea). In addition, clustering was 

1 https://www.mothur.org

2 www.ezbiocloud.net/

confirmed using the unweighted pair group method with arithmetic 
average (UPGMA), and beta diversity was measured by unweighted 
unique fraction metric (UNIFRAC) analysis (Lozupone et al., 2011; 
Clarke, 1993; Gower, 1971). Microbial changes were analyzed using 
principal coordinate analysis (PCoA) plots (Gower, 1966). The linear 
discriminant analysis effect size (LEfSe) method was used to identify 
bacterial taxa at p < 0.05, with and a linear discriminant analysis 
(LDA) score > 2.0, using the Galaxy workflow framework.3

2.5 Statistical analysis

The relative abundances of major phyla, classes, orders, families 
(median relative abundance >0.1%), and genera (median relative 
abundance >0.01%) were calculated, and comparisons between the 
groups were performed using GraphPad Prism 6 (GraphPad Software, 
Inc., La Jolla, CA, United States). Normality was analyzed using the 
Shapiro–Wilk test, and comparisons between two groups were made 
using the Mann–Whitney U test, and for three or more groups, the 
Kruskal-Wallis test. In all statistical analyses, the significance level was 
set at p < 0.05.

3 Results

3.1 Sequence reads

To identify differences in the intestinal microbiota according to 
age and the presence of diarrhea, 695,375 sequence reads were 
obtained from 25 fecal samples collected from Korean indigenous 
calves (average of 30,234 reads per calf) (Supplementary Figure 1).

3.2 Alpha diversity

Depending on the presence or absence of diarrhea in the calves, 
the richness indices ACE, Chao1, and Jackknife decreased, but there 
was no significant difference. However, for the evenness indices, there 
was a significant increase in the Simpson index and a decrease in the 
Shannon index depending on the diarrhea (Figure 1). This suggests 
that diarrhea in calves causes a decrease in fecal microbiome diversity.

There was no significant difference in the richness indices of Ace, 
Chao-1, and Jackknife according to the age of the calves and the 
presence or absence of diarrhea. However, there was a significant 
difference in the Simpson evenness index between the normal 
(1–10 days) and diarrhea (1–10 days) groups and in the Shannon 
index between the normal (21–30 days) and diarrhea (1–10 days) 
groups (Figure 1).

3.3 Community membership and structure

Clustering analysis and principal coordinate analysis (PCoA) 
were performed to determine the similarity relationship between 
the gut microbiota of calves. When categorized by the presence or 

3 https://huttenhower.sph.harvard.edu/galaxy/

TABLE 1 Information of 80 Korean indigenous calves involved in this 
study.

Fecal 
consistency

Age 
(day)

Diarrhea Group n Total

Solid/Semi-solid 1 ~ 10 Normal Normal 

(1 ~ 10)

5 14

11 ~ 20 Normal 

(11 ~ 20)

4

21 ~ 30 Normal 

(21 ~ 30)

5

Loose/Watery 1 ~ 10 Diarrhea Diarrhea 

(1 ~ 10)

3 11

11 ~ 20 Diarrhea 

(11 ~ 20)

5

21 ~ 30 Diarrhea 

(21 ~ 30)

3
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absence of diarrhea in calves by age, calves with diarrhea showed 
distance differences in the gut microbiome compared with normal 
calves. However, the difference in distance between the normal 
(1–10 days) and diarrhea (1–10 days) groups was similar (Figure 2).

3.4 Taxonomic composition analysis

Analysis of the relative abundance at the phylum level between the 
groups according to the presence or absence of diarrhea showed that 
Proteobacteria increased and Bacteroidetes and Actinobacteria 
decreased in calves with diarrhea (Figure 3).

In addition, an increase in Firmicutes and a decrease in Proteobacteria 
were observed in the diarrhea (1–10 days) group compared to the 
normal (1–10 days) group, whereas a decrease in Firmicutes and an 
increase in Proteobacteria were observed in the diarrhea (11–20 days) 
group compared to the normal (11–20 days) group. However, no 

significant differences were observed, as the interindividual differences 
were large (Figure 3). In addition, when the intestinal microbiota that 
showed differences at the phylum level were analyzed at the genus level, 
Prevotella, Dorea, and Lachnospiraceae_uc decreased in calves with 
diarrhea, and Escherichia significantly increased in diarrhea (11–20) 
compared to normal (11–20) and normal (21–30) (Figure 4).

3.5 Selection of key microorganisms

For early screening of diarrhea, LEfSe analysis was performed 
to identify intestinal microbiota related to diarrhea. As a result, 
depending on the presence or absence of diarrhea, 3 phyla 
(Actinobacteria, Acidobacteria, and Chloroflexi), 3 classes 
(Solibacteres, Acidimicrobiia, and Tissierellia), 8 orders 
(Corynebacteriales, Micrococcales, Staphylococcaceae, 
Xanthomonadales, Streptomycetales, Acidimicrobiales, Rhizobiales, 

TABLE 2 Primers and gene sequences of polymerase chain reaction (PCR).

Primer Sequence (5′ → 3′)

341F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG

805R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC

Illumina index i5 S502 ATGATACGGCGACCACCGAGATCTACACCTCTCTATTCGTCGGCAGCGTC

i7index i7 N701 CAAGCAGAAGACGGCATACGAGATTCGCCTTGTCTCGTGGGCTCGG

FIGURE 1

Results of alpha diversity analysis of the average gut microbiome (A) and gut microbiome according to age (1–10, 11–20, 21–30 days) (B) in normal 
calves (Normal) and calves with diarrhea (Diarrhea) within 30 days of age. **p < 0.01, a,b; Same letters indicate no significant difference.
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Tissierellales), 15 families (Ruminococcaceae, Lachnospiraceae, 
Muribaculaceae, Corynebacteriaceae, Rhizobiaceae, 
Xanthomonadaceae, Streptomycetaceae, Burkholderiaceae, 
Ralstonia_f, Devosia_f, Nocardiopsaceae, Peptoniphilaceae, 
Carnobacteriaceae, Tissierellaceae, and Phyllobacteriaceae), and 31 
genera (Faecalibacterium, Blautia, Subdoligranulum, Collinsella, 
Dorea, Ruminococcus_g4, Ruminococcus_g2, Paludicola, 
Faecalicatena, Clostridium, Clostridium_g35, Corynebacterium, 
Proteiniphilum, Aquamicrobium, Clostridium_g8, Lysinibacillus, 
Arthrobacter, Extibacter, Hungatella, Nitratireductor, Streptomyces, 
Sporosarcina, Aliicoccus, Paraburkholderia, Leucobacter, 
Pelagibacterium, Ralstonia, Nocardiopsis, Caryophanon, Tissierella, 
and Paralkalibacillus) were identified (Figure 5). Furthermore, at 
the species level, increases in 11 species (Faecalibacterium 

prausnitzii group, Gemmiger formicilis group, Collinsella aerofaciens 
group, Dorea formicigenerans, Blautia luti, Ruminococcus faecis, 
Lactobacillus intestinalis, Pseudoflavonifractor capillosus, Blautia 
obeum, Ruminococcus lactaris, and Coprococcus comes group) as 
well as 22 species (Clostridium symbiosum, Lactobacillus mucosae, 
Clostridium beijerinckii group, Arthrobacter gandavensis, 
Paraburkholderia kururiensis, Corynebacterium xerosis group, 
Clostridium aldenense, Caryophanon latum, Clostridium colinum, 
Aquamicrobium aerolatum, itratireductor aestuarii, Bacteroides 
plebeius, Lysinibacillus xylanilyticus group, Extibacter muris group, 
Hungatella hathewayi group, Corynebacterium marinum, Aliicoccus 
persicus, Ralstonia pickettii group, Staphylococcus saprophyticus 
group, Leucobacter komagatae group, Lysinibacillus sphaericus 
group, and Streptomyces scabiei group) were confirmed in normal 

FIGURE 2

Results of clustering (A) and beta diversity (B) analysis of the gut microbiome of normal calves and calves with diarrhea within 30 days of age.

FIGURE 3

Taxonomic composition of the gut microbiota according to the average (A) and age group (B) of normal calves (Normal) and calves with diarrhea 
(Diarrhea) at the phylum level.
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calves and calves with diarrhea, respectively (Figure  5; 
Supplementary Figure  2). The microorganisms associated with 
diarrhea in calves were mainly known as harmful microorganisms.

Analysis at the genus level according to age showed that there 
were no differences in the gut microbiome between the normal 
(1–10 days) and diarrhea (1–10 days) groups. However, Prevotella 
and Lachnospiraceae_uc in the normal (11–20 days) group, 
Enterobacterales, Gammaproteobacteria, Enterobacteriaceae, 
Escherichia, and Proteobacteria in the diarrhea (11–20 days) group, 
Blautia, Provotellaceae, Muribaculaceae, Christensenellaceae, and 
Catenella in the normal (21–30 days) group, and Dorea in the 
diarrhea (21–30 days) group showed significant differences 
(Figure 6). There were significant differences in the microorganisms 
that showed association among the groups, indicating that number 
of days and the presence of diarrhea in calf were significantly related 
to changes in the microbiome.

4 Discussion

The intestines of cattle contain a large and complex microbial 
community that interacts with the host to influence its health and gut 
microbiome structure. Analysis of the fecal microbiota can be used as 
an indicator of the gut microbiome (Zmora et al., 2018). In this study, 
the fecal microbiomes of neonatal Korean indigenous calves with 
diarrhea symptoms were analyzed to confirm significant changes. In 
addition, intestinal microorganisms that can be used as indicators of 
calf health were selected.

Previous studies have reported that Firmicutes, Bacteroidetes, and 
Proteobacteria account for most of the fecal microbiome during the 
growth stages of calves (Oikonomou et al., 2013; Kim et al., 2021; 
Malmuthuge et al., 2019; Meale et al., 2016). In the present study, the 
same microorganisms accounted for most of the gut microbiome. 
These microorganisms are abundant in the vagina and oral cavity of 
cattle, transmitted from mother to calf, and are abundant from birth 
(Laguardia-Nascimento et al., 2015). In addition, calves with diarrhea 
showed an increase in Proteobacteria and a decrease in Bacteroidetes 
and Actinobacteria. Proteobacteria is one of the groups of 
microorganisms that includes potentially harmful bacteria such as 
E. coli (Shin et al., 2015). As diarrhea occurs, the relative abundance 
of Firmicutes and Proteobacteria increases, thereby increasing the 
ratio of Firmicutes/Bacteroidetes in calves with diarrhea (Li et  al., 
2023). Therefore, the increase or decrease in these microorganisms 
can be used as an indicator of the imbalance in the gut microbiome of 
Korean indigenous calves due to diarrhea.

The anaerobic microorganisms Faecalibacterium prausnitzii, 
Gemmiger formicilis, and Collinsella aerofaciens were correlated with 
normal calves and were observed to decrease with the occurrence of 
diarrhea. This is consistent with previously reported changes in the gut 
microbiome of calves with diarrhea (Jang et al., 2019; Gomez et al., 
2022; He et al., 2022; Li et al., 2023). Anaerobic microorganisms are 
involved in intestinal fermentation to produce short-chain fatty acids, 
and a decrease in these microorganisms is a characteristic of diarrhea 
(Cui et  al., 2023; Li et  al., 2018; Morrison and Preston, 2016). 
Therefore, a decrease in these anaerobic microorganisms can be used 
as a biomarker for diarrhea in Korean indigenous calves. The gut 

FIGURE 4

Comparison of relative abundance of microorganisms showing differences between normal calves (Normal) and calves with diarrhea (Diarrhea) at the 
genus level.
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microbiome diversity of normal calves and calves with diarrhea 
showed a significant difference in Simson index, one of the evenness, 
which indicates evenness. The Simson index is the probability that two 
randomly selected individuals belong to the same species, and the 
closer it is to 1, the lower the evenness. The Simson index was 
significantly higher in calves with diarrhea, which shows that diarrhea 
changes the relative abundances of gut microbiome, causing imbalance 
in the gut microbiome. In addition, PCoA analysis results showed that 
calves with diarrhea showed a difference in the distance between the 
intestinal microbiota community and normal calves. This also shows 
that the gut microbiota of calves with diarrhea is different from that 

of normal calves. However, at the phylum level, the microbial 
community of normal calves did not show significant differences with 
age, whereas changes in Firmicutes and Proteobacteria occurred in 
calves aged 1–10 and 11–20 days as diarrhea occurred. These results 
confirm that the gut microbiome of Korean indigenous calves within 
30 days of birth showed greater differences based on the presence or 
absence of diarrhea than based on age. However, because the 
environment and pathogen type can significantly affect the intestinal 
microbiota, additional research is needed to determine the specific 
causes (Jang et al., 2019; Fu et al., 2023; Li et al., 2022). In addition, 
previous studies have reported that the structure of the gut 

FIGURE 5

Linear discriminant analysis effect size (LEfSe) analysis of normal calves (Normal) and calves with diarrhea (Diarrhea) within 30 days of age. Results of 
linear discriminant analysis (LDA) analysis (A) and cladogram analysis (B) at the species level.
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microbiome differs depending on the time of fecal collection (within 
24 or 48 h after the onset of diarrhea in calves) (Li et  al., 2023). 
Similarly, in Korean indigenous calves, research is needed on the gut 
microbiome in the early stage of diarrhea, when the most active 
changes occur, and it is necessary to standardize the time of feces 
collection from the occurrence of diarrhea.

Diarrhea is a serious disease in neonatal calves that slows 
growth and, in severe cases, can even lead to death. Therefore, it 
is important to predict and treat diarrhea early. However, because 
diarrhea is caused by various reasons, it is difficult to predict 
diarrhea before clinical symptoms appear. Biomarkers are 
indicators that show statistical differences between groups and 
are used for early diagnosis and prediction of diseases (Chang 
et  al., 2022). LEfSe analysis of the gut microbiome of Korean 
indigenous calves identified biomarkers with significant 

differences depending on the presence or absence of diarrhea. 
The results confirmed that Faecalibacterium, Blautia, 
Subdoligranulum, Ruminococcus, Clostridium, Corynebacterium, 
Arthrobacter, Dorea, and Escherichia were associated with 
diarrhea. That is, as in previous studies, beneficial 
microorganisms decrease whereas harmful microorganisms, 
known as pathogenic microorganisms, increase (Zeineldin et al., 
2018; Carroll et al., 2012; Brunkwall et al., 2021; Xin et al., 2021; 
Chuang et al., 2022; Fecteau et al., 2016; Zhu et al., 2024; Ma 
et al., 2020). This suggests that these microorganisms identified 
as biomarkers could be used as predictors to predict diarrhea in 
calves. In addition, as a result of the LDA analysis, no 
microorganisms showing differences were identified in the 
diarrhea (1–10 days) group; however, Enterobacterales, 
Gammaproteobacteria, Enterobacteriaceae, Escherichia and 

FIGURE 6

Linear discriminant analysis effect size (LEfSe) analysis results of the gut microbiome of calves aged 11–20 and 21–30 days according to age group and 
presence of diarrhea. Results of linear discriminant analysis (LDA) analysis (A) and cladogram analysis (B) at the genus level.
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Proteobacteria were identified in the diarrhea (11–20 days) group 
whereas Dorea was identified in the diarrhea (21–30 days) group. 
Therefore, we confirmed that changes in the gut microbiome due 
to an increase in harmful bacteria were related to diarrhea. It is 
necessary to consider the age of Korean indigenous calves to 
diagnose and predict diarrhea using the gut microbiome. In 
addition, selecting key microorganisms with high diagnostic 
accuracy among diarrhea-related microorganisms using the 
AUC-ROC curve will be helpful in predicting the occurrence of 
diarrhea. Gut microbiome testing using feces is easy to collect 
samples, but it cannot be used directly on the farm and the testing 
cost is still high. Therefore, it is realistically difficult to conduct 
screening for all individuals, but it is clear that the analysis of the 
intestinal microbiome of calves through feces will be helpful in 
predicting diarrhea. In this study, it was confirmed that harmful 
bacteria were highly related to diarrhea in Korean indigenous 
calves, and therefore, in order to prevent diarrhea, it is necessary 
to establish an intestinal environment that can suppress the 
growth of harmful bacteria in the intestines of calves. Supplying 
direct fed microbials such as probiotics helps to suppress the 
colonization of harmful bacteria in the intestines of calves and 
further improves the intestinal environment (McAllister 
et al., 2011).

There are still some limitations in this study. The intestinal 
microbiota changes depending on the environment, and especially 
neonatal calves are in a period of rapid intestinal microbiota 
change. Since we used 3–5 calves per group raised on the same 
farm, generalization to all Korean indigenous calves may 
be  limited. However, the intestinal microbiota of Korean 
indigenous calves has rarely been reported so far, and therefore the 
results of this study on the changes in the intestinal microbiota due 
to diarrhea in Korean calves are thought to be of sufficient value in 
Korea. In calves, diarrhea is caused by a combination of factors 
such as the presence of pathogens, the immune status of the calf, 
and insanitary environments. Another limitation is that the gut 
microbiota of calves with diarrhea was not analyzed before the 
onset of diarrhea, and the cause of the calves’ diarrhea was not 
identified. Therefore, comparing the intestinal microbiota before 
and after diarrhea in calves according to each cause will clearly 
explain the changes in the intestinal microbiota due to diarrhea in 
Korean indigenous calves.

In conclusion, this study confirmed that diarrhea significantly 
affects the intestinal microbiota of Korean indigenous calves. 
Diarrhea reduces the diversity of the intestinal microbiota of 
calves and increases the proportion of harmful microorganisms, 
creating an unbalanced intestinal environment. In addition, 
newborn calves (1–10) showed significant differences in the 
evenness index in diarrhea, but the microbiota was still unstable, 
so the occurrence of diarrhea did not show significant differences 
in the microbiota from normal calves. However, calves aged 
11–30 days showed differences in the intestinal microbiota 
structure and microorganisms related to diarrhea depending on 
age. Therefore, predict and prevention of diarrhea in neonatal 
calves would be  helpful for growth and health management of 
calves. This study revealed changes in the intestinal microbiota 
following diarrhea in Korean calves. This may help establish future 
research directions for the intestinal microbiota of calves and 
methods for preventing diarrhea in calves through intestinal 
microbiota management.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The animal studies were approved by Institutional Animal Care 
and Use Committee of the National Institute of Animal Science, 
Republic of Korea (JBNU IACUC no. NON2023-123). The studies 
were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent was obtained 
from the owners for the participation of their animals in this study.

Author contributions

J-YK: Writing – original draft. M-JL: Writing – original draft. YJ: 
Formal analysis, Visualization, Writing  – review & editing. H-JC: 
Conceptualization, Funding acquisition, Supervision, Writing  – 
review & editing. JP: Conceptualization, Funding acquisition, 
Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported by the Korea Institute of Planning and Evaluation for 
Technology in Food, Agriculture, and Forestry (IPET) (Grant no. 
RS-2024-00402276). This research was partially supported by the 
Regional Innovation Mega Project program through the Korea Innovation 
Foundation, funded by the Ministry of Science and ICT (Project no. 2023-
DD-UP-0031).This study was also supported by research grants from the 
World Institute of Kimchi funded by the Ministry of Science and ICT, 
Republic of Korea (KE2401-2 and KE2501-2-1).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors and 
do not necessarily represent those of their affiliated organizations, or those 
of the publisher, the editors and the reviewers. Any product that may 
be evaluated in this article, or claim that may be made by its manufacturer, 
is not guaranteed or endorsed by the publisher.

https://doi.org/10.3389/fmicb.2025.1511430
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Ku et al. 10.3389/fmicb.2025.1511430

Frontiers in Microbiology 10 frontiersin.org

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmicb.2025.1511430/
full#supplementary-material

SUPPLEMENTARY FIGURE 1

Rarefaction curve of fecal samples collected from 25 Korean indigenous calves.

SUPPLEMENTARY FIGURE 2

Comparison of relative abundance of microorganisms showing differences 
between normal calves (Normal) and calves with diarrhea (Diarrhea) at the 
species level.

References
Amin, N., and Seifert, J. (2021). Dynamic progression of the calf ’s microbiome and its 

influence on host health. Comput. Struct. Biotechnol. J. 19, 989–1001. doi: 
10.1016/j.csbj.2021.01.035

Bendali, F., Sanaa, M., Bichet, H., and Schelcher, F. (1999). Risk factors associated with 
diarrhoea in newborn calves. Vet. Res. 30, 509–522.

Brunkwall, L., Ericson, U., Nilsson, P. M., Orho-Melander, M., and Ohlsson, B. (2021). 
Self-reported bowel symptoms are associated with differences in overall gut microbiota 
composition and enrichment of Blautia in a population-based cohort. J. Gastroenterol. 
Hepatol. 36, 174–180. doi: 10.1111/jgh.15104

Caballero-Flores, G., Pickard, J. M., and Núñez, G. (2023). Microbiota-mediated 
colonization resistance: mechanisms and regulation. Nat. Rev. Microbiol. 21, 347–360. 
doi: 10.1038/s41579-022-00833-7

Carroll, I. M., Ringel-Kulka, T., Siddle, J. P., and Ringel, Y. (2012). Alterations in 
composition and diversity of the intestinal microbiota in patients with diarrhea-
predominant irritable bowel syndrome. Neurogastroenterol. Motil. 24, 521–e248. doi: 
10.1111/j.1365-2982.2012.01891.x

Chae, J.-B., Kim, H.-C., Kang, J.-G., Choi, K.-S., Chae, J.-S., Yu, D.-H., et al. (2021). 
The prevalence of causative agents of calf diarrhea in Korean native calves. J Anim Sci 
Technol 63, 864–871. doi: 10.5187/jast.2021.e63

Chang, F., He, S., and Dang, C. (2022). Assisted selection of biomarkers by linear 
discriminant analysis effect size (LEfSe) in microbiome data. J. Vis. Exp.:e61715. doi: 
10.3791/61715

Chuang, S.-T., Chen, C.-T., Hsieh, J.-C., Li, K.-Y., Ho, S.-T., and Chen, M.-J. (2022). 
Development of next-generation probiotics by investigating the interrelationships 
between gastrointestinal microbiota and diarrhea in preruminant Holstein calves. 
Animals 12:695. doi: 10.3390/ani12060695

Clarke, K. R. (1993). Non-parametric multivariate analyses of changes in community 
structure. Austral Ecol. 18, 117–143. doi: 10.1111/j.1442-9993.1993.tb00438.x

Cui, S., Guo, S., Zhao, Q., Li, Y., Ma, Y., and Yu, Y. (2023). Alterations of microbiota 
and metabolites in the feces of calves with diarrhea associated with rotavirus and 
coronavirus infections. Front. Microbiol. 14:1159637. doi: 10.3389/fmicb.2023.1159637

Du, W., Wang, X., Hu, M., Hou, J., Du, Y., Si, W., et al. (2023). Modulating 
gastrointestinal microbiota to alleviate diarrhea in calves. Front. Microbiol. 14:1181545. 
doi: 10.3389/fmicb.2023.1181545

Fecteau, M.-E., Pitta, D. W., Vecchiarelli, B., Indugu, N., Kumar, S., Gallagher, S. C., 
et al. (2016). Dysbiosis of the fecal microbiota in cattle infected with Mycobacterium 
avium subsp. paratuberculosis. PLoS One 11:e0160353. doi: 10.1371/journal.pone.0160353

Frank, N. A., and Kaneene, J. B. (1993). Management risk factors associated with calf 
diarrhea in Michigan dairy herds. J. Dairy Sci. 76, 1313–1323. doi: 
10.3168/jds.S0022-0302(93)77462-7

Fu, Y., Zhang, K., Yang, M., Li, X., Chen, Y., Li, J., et al. (2023). Metagenomic analysis 
reveals the relationship between intestinal protozoan parasites and the intestinal 
microecological balance in calves. Parasit. Vectors 16:257. doi: 10.1186/s13071-023-05877-z

Gomez, D., Arroyo, L., Costa, M., Viel, L., and Weese, J. (2017). Characterization of 
the fecal bacterial microbiota of healthy and diarrheic dairy calves. J. Vet. Intern. Med. 
31, 928–939. doi: 10.1111/jvim.14695

Gomez, D. E., Li, L., Goetz, H., Mac Nicol, J., Gamsjaeger, L., and Renaud, D. L. (2022). 
Calf diarrhea is associated with a shift from obligated to facultative anaerobes and expansion 
of lactate-producing bacteria. Front Vet Sci 9:846383. doi: 10.3389/fvets.2022.846383

Gower, J. C. (1966). Some distance properties of latent root and vector methods used 
in multivariate analysis. Biometrika 53, 325–338. doi: 10.1093/biomet/53.3-4.325

Gower, J. C. (1971). A general coefficient of similarity and some of its properties. 
Biometrics 27, 857–871. doi: 10.2307/2528823

Hartinger, T., Pacífico, C., Poier, G., Terler, G., Klevenhusen, F., and Zebeli, Q. (2022). Shift 
of dietary carbohydrate source from milk to various solid feeds reshapes the rumen and 
fecal microbiome in calves. Sci. Rep. 12:12383. doi: 10.1038/s41598-022-16052-2

He, Z., Ma, Y., Chen, X., Yang, S., Zhang, S., Liu, S., et al. (2022). Temporal changes in fecal 
unabsorbed carbohydrates relative to perturbations in gut microbiome of neonatal calves: 
emerging of diarrhea induced by extended-Spectrum β-lactamase-producing 
Enteroaggregative Escherichia coli. Front. Microbiol. 13:883090. doi: 10.3389/fmicb.2022.883090

Hur, T.-Y., Jung, Y.-H., Choe, C.-Y., Cho, Y.-I., Kang, S.-J., Lee, H.-J., et al. (2013). The 
dairy calf mortality: the causes of calf death during ten years at a large dairy farm in 
Korea. Korean J Vet Res 53, 103–108. doi: 10.14405/kjvr.2013.53.2.103

Jang, J.-Y., Kim, S., Kwon, M.-S., Lee, J., Yu, D.-H., Song, R.-H., et al. (2019). Rotavirus-
mediated alteration of gut microbiota and its correlation with physiological 
characteristics in neonatal calves. J. Microbiol. 57, 113–121. doi: 
10.1007/s12275-019-8549-1

Jung, J. S., Soundharrajan, I., Kim, D., Baik, M., Ha, S., and Choi, K. C. (2022). 
Microbiota and serum metabolic profile changes in Korean native Hanwoo steer in 
response to diet feeding systems. Int. J. Mol. Sci. 23:12391. doi: 10.3390/ijms232012391

Kerr, C. A., Grice, D. M., Tran, C. D., Bauer, D. C., Li, D., Hendry, P., et al. (2015). Early 
life events influence whole-of-life metabolic health via gut microflora and gut 
permeability. Crit. Rev. Microbiol. 41, 326–340. doi: 10.3109/1040841X.2013.837863

Khalil, A., Batool, A., and Arif, S. (2022). Healthy cattle microbiome and dysbiosis in 
diseased phenotypes. Ruminants 2, 134–156. doi: 10.3390/ruminants2010009

Kim, S.-H., Choi, Y., Miguel, M. A., Lee, S.-J., Lee, S.-S., and Lee, S.-S. (2023). Analysis 
of fecal microbial changes in young calves following bovine rotavirus infection. Vet Sci 
10:496. doi: 10.3390/vetsci10080496

Kim, U.-H., Jung, Y.-H., Choe, C., Kang, S.-J., Chang, S.-S., Cho, S.-R., et al. (2015). 
Korean native calf mortality: the causes of calf death in a large breeding farm over a 
10-year period. Korean J Vet Res 55, 75–80. doi: 10.14405/kjvr.2015.55.2.75

Kim, S., Kang, J.-H., Lee, C.-J., Lee, Y.-S., Chae, J.-B., Kang, S.-W., et al. (2016). 
Detection of diarrheagenic pathogens from feces and incidence of diarrhea in Korean 
calves. Korean J Vet Serv 39, 187–192. doi: 10.7853/kjvs.2016.39.3.187

Kim, E.-T., Lee, S.-J., Kim, T.-Y., Lee, H.-G., Atikur, R. M., Gu, B.-H., et al. (2021). 
Dynamic changes in fecal microbial communities of neonatal dairy calves by aging and 
diarrhea. Animals 11:1113. doi: 10.3390/ani11041113

Kim, Y.-G., Sakamoto, K., Seo, S.-U., Pickard, J. M., Gillilland, M. G. III, 
Pudlo, N. A., et al. (2017). Neonatal acquisition of Clostridia species protects against 
colonization by bacterial pathogens. Science 356, 315–319. doi: 
10.1126/science.aag2029

Kim, H. S., Whon, T. W., Sung, H., Jeong, Y.-S., Jung, E. S., Shin, N.-R., et al. (2021). 
Longitudinal evaluation of fecal microbiota transplantation for ameliorating calf 
diarrhea and improving growth performance. Nat. Commun. 12:161. doi: 
10.1038/s41467-020-20389-5

Kwon, M.-S., Jo, H. E., Lee, J., Choi, K.-S., Yu, D., Oh, Y.-s., et al. (2021). Alteration of 
the gut microbiota in post-weaned calves following recovery from bovine coronavirus-
mediated diarrhea. J Anim Sci Technol 63, 125–136. doi: 10.5187/jast.2021.e20

Laguardia-Nascimento, M., Branco, K. M. G. R., Gasparini, M. R., 
Giannattasio-Ferraz, S., Leite, L. R., Araujo, F. M. G., et al. (2015). Vaginal microbiome 
characterization of Nellore cattle using metagenomic analysis. PLoS One 10:e0143294. 
doi: 10.1371/journal.pone.0143294

Larson, L., Owen, F., Albright, J., Appleman, R., Lamb, R., and Muller, L. (1977). 
Guidelines toward more uniformity in measuring and reporting calf experimental data. 
J. Dairy Sci. 60, 989–991. doi: 10.3168/jds.S0022-0302(77)83975-1

Li, N., Ma, W.-T., Pang, M., Fan, Q.-L., and Hua, J.-L. (2019). The commensal 
microbiota and viral infection: a comprehensive review. Front. Immunol. 10:1551. doi: 
10.3389/fimmu.2019.01551

Li, L., Renaud, D. L., Goetz, H. M., Jessop, E., Costa, M. C., Gamsjäger, L., et al. (2023). 
Effect of time of sample collection after onset of diarrhea on fecal microbiota 
composition of calves. J. Vet. Intern. Med. 37, 1588–1593. doi: 10.1111/jvim.16801

Li, M., Wang, Z., Wang, L., Xue, B., Hu, R., Zou, H., et al. (2022). Comparison of 
changes in fecal microbiota of calves with and without dam. Peer J 10:e12826. doi: 
10.7717/peerj.12826

Li, W., Yi, X., Wu, B., Li, X., Ye, B., Deng, Z., et al. (2023). Neonatal calf diarrhea is 
associated with decreased bacterial diversity and altered gut microbiome profiles. 
Fermentation 9:827. doi: 10.3390/fermentation9090827

Li, W., Zhang, K., and Yang, H. (2018). Pectin alleviates high fat (lard) diet-induced 
nonalcoholic fatty liver disease in mice: possible role of short-chain fatty acids and gut 
microbiota regulated by pectin. J. Agric. Food Chem. 66, 8015–8025. doi: 
10.1021/acs.jafc.8b02979

Lorenz, I., Huber, R., and Trefz, F. M. (2021). A high plane of nutrition is associated 
with a lower risk for neonatal calf diarrhea on Bavarian dairy farms. Animals 11:3251. 
doi: 10.3390/ani11113251

Lozupone, C., Lladser, M. E., Knights, D., Stombaugh, J., and Knight, R. (2011). Uni 
Frac: an effective distance metric for microbial community comparison. ISME J. 5, 
169–172. doi: 10.1038/ismej.2010.133

https://doi.org/10.3389/fmicb.2025.1511430
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1511430/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1511430/full#supplementary-material
https://doi.org/10.1016/j.csbj.2021.01.035
https://doi.org/10.1111/jgh.15104
https://doi.org/10.1038/s41579-022-00833-7
https://doi.org/10.1111/j.1365-2982.2012.01891.x
https://doi.org/10.5187/jast.2021.e63
https://doi.org/10.3791/61715
https://doi.org/10.3390/ani12060695
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.3389/fmicb.2023.1159637
https://doi.org/10.3389/fmicb.2023.1181545
https://doi.org/10.1371/journal.pone.0160353
https://doi.org/10.3168/jds.S0022-0302(93)77462-7
https://doi.org/10.1186/s13071-023-05877-z
https://doi.org/10.1111/jvim.14695
https://doi.org/10.3389/fvets.2022.846383
https://doi.org/10.1093/biomet/53.3-4.325
https://doi.org/10.2307/2528823
https://doi.org/10.1038/s41598-022-16052-2
https://doi.org/10.3389/fmicb.2022.883090
https://doi.org/10.14405/kjvr.2013.53.2.103
https://doi.org/10.1007/s12275-019-8549-1
https://doi.org/10.3390/ijms232012391
https://doi.org/10.3109/1040841X.2013.837863
https://doi.org/10.3390/ruminants2010009
https://doi.org/10.3390/vetsci10080496
https://doi.org/10.14405/kjvr.2015.55.2.75
https://doi.org/10.7853/kjvs.2016.39.3.187
https://doi.org/10.3390/ani11041113
https://doi.org/10.1126/science.aag2029
https://doi.org/10.1038/s41467-020-20389-5
https://doi.org/10.5187/jast.2021.e20
https://doi.org/10.1371/journal.pone.0143294
https://doi.org/10.3168/jds.S0022-0302(77)83975-1
https://doi.org/10.3389/fimmu.2019.01551
https://doi.org/10.1111/jvim.16801
https://doi.org/10.7717/peerj.12826
https://doi.org/10.3390/fermentation9090827
https://doi.org/10.1021/acs.jafc.8b02979
https://doi.org/10.3390/ani11113251
https://doi.org/10.1038/ismej.2010.133


Ku et al. 10.3389/fmicb.2025.1511430

Frontiers in Microbiology 11 frontiersin.org

Ma, T., Villot, C., Renaud, D., Skidmore, A., Chevaux, E., Steele, M., et al. (2020). 
Linking perturbations to temporal changes in diversity, stability, and compositions of 
neonatal calf gut microbiota: prediction of diarrhea. ISME J. 14, 2223–2235. doi: 
10.1038/s41396-020-0678-3

Malmuthuge, N., Liang, G., Griebel, P. J., and Guan, L. L. (2019). Taxonomic and 
functional compositions of the small intestinal microbiome in neonatal calves provide 
a framework for understanding early life gut health. Appl. Environ. Microbiol. 85, 
e02534–e02518. doi: 10.1128/AEM.02534-18

McAllister, T., Beauchemin, K., Alazzeh, A., Baah, J., Teather, R., and Stanford, K. 
(2011). The use of direct fed microbials to mitigate pathogens and enhance production 
in cattle. Can. J. Anim. Sci. 91, 193–211. doi: 10.4141/cjas10047

Meale, S. J., Li, S., Azevedo, P., Derakhshani, H., Plaizier, J. C., Khafipour, E., et al. 
(2016). Development of ruminal and fecal microbiomes are affected by weaning but not 
weaning strategy in dairy calves. Front. Microbiol. 7:582. doi: 10.3389/fmicb.2016.00582

Morrison, D. J., and Preston, T. (2016). Formation of short chain fatty acids by the gut 
microbiota and their impact on human metabolism. Gut Microbes 7, 189–200. doi: 
10.1080/19490976.2015.1134082

Oikonomou, G., Teixeira, A. G. V., Foditsch, C., Bicalho, M. L., Machado, V. S., and 
Bicalho, R. C. (2013). Fecal microbial diversity in pre-weaned dairy calves as described 
by pyrosequencing of metagenomic 16S rDNA. Associations of Faecalibacterium species 
with health and growth. PLoS One 8:e63157. doi: 10.1371/journal.pone.0063157

Pickard, J. M., Zeng, M. Y., Caruso, R., and Núñez, G. (2017). Gut microbiota: role in 
pathogen colonization, immune responses, and inflammatory disease. Immunol. Rev. 
279, 70–89. doi: 10.1111/imr.12567

Ryu, J.-H., Shin, S.-U., and Choi, K.-S. (2020). Molecular surveillance of viral 
pathogens associated with diarrhea in pre-weaned Korean native calves. Trop. Anim. 
Health Prod. 52, 1811–1820. doi: 10.1007/s11250-019-02181-w

Schloss, P. D., Westcott, S. L., Ryabin, T., Hall, J. R., Hartmann, M., Hollister, E. B., 
et al. (2009). Introducing mothur: open-source, platform-independent, community-
supported software for describing and comparing microbial communities. Appl. 
Environ. Microbiol. 75, 7537–7541. doi: 10.1128/AEM.01541-09

Schwaiger, K., Storch, J., Bauer, C., and Bauer, J. (2022). Abundance of selected 
bacterial groups in healthy calves and calves developing diarrhea during the first week 
of life: are there differences before the manifestation of clinical symptoms? Front. 
Microbiol. 13:958080. doi: 10.3389/fmicb.2022.958080

Seethalakshmi, P., Kumaresan, T., Vishnu Prasad Nair, R., Prathiviraj, R., Seghal 
Kiran, G., and Selvin, J. (2024). Comparative analysis of commercially available kits for 
optimal DNA extraction from bovine fecal samples. Arch. Microbiol. 206:314. doi: 
10.1007/s00203-024-04047-8

Shi, Z., Wang, Y., Yan, X., Ma, X., Duan, A., Hassan, F.-u., et al. (2023). Metagenomic 
and metabolomic analyses reveal the role of gut microbiome-associated metabolites in 
diarrhea calves. Msystems 8, e0058223–e0000523. doi: 10.1128/msystems.00582-23

Shin, N.-R., Whon, T. W., and Bae, J.-W. (2015). Proteobacteria: microbial signature of 
dysbiosis in gut microbiota. Trends Biotechnol. 33, 496–503. doi: 10.1016/j.tibtech.2015.06.011

Sim, S., Lee, H., Yoon, S., Seon, H., Park, C., and Kim, M. (2022). The impact of 
different diets and genders on fecal microbiota in Hanwoo cattle. J Anim Sci Technol 64, 
897–910. doi: 10.5187/jast.2022.e71

Sischo, W. M., Hird, D. W., Gardner, I. A., Utterback, W. W., Christiansen, K. H., 
Carpenter, T. E., et al. (1990). Economics of disease occurrence and prevention on California 
dairy farms: A report and evaluation of data collected for the national animal health 
monitoring system, 1986–87. Prev. Vet. Med. 8, 141–156. doi: 10.1016/0167-5877(90)90007-5

Slanzon, G. S., Ridenhour, B. J., Moore, D. A., Sischo, W. M., Parrish, L. M., 
Trombetta, S. C., et al. (2022). Fecal microbiome profiles of neonatal dairy calves with 
varying severities of gastrointestinal disease. PLoS One 17:e0262317. doi: 
10.1371/journal.pone.0262317

Song, Y., Malmuthuge, N., Li, F., and Guan, L. L. (2019). Colostrum feeding shapes 
the hindgut microbiota of dairy calves during the first 12 h of life. FEMS Microbiol. Ecol. 
95:fiy203. doi: 10.1093/femsec/fiy203

Urie, N., Lombard, J., Shivley, C., Kopral, C., Adams, A., Earleywine, T., et al. (2018). 
Preweaned heifer management on US dairy operations: part V. Factors associated with 
morbidity and mortality in preweaned dairy heifer calves. J. Dairy Sci. 101, 9229–9244. 
doi: 10.3168/jds.2017-14019

Windeyer, M., Leslie, K., Godden, S. M., Hodgins, D., Lissemore, K., and LeBlanc, S. 
(2014). Factors associated with morbidity, mortality, and growth of dairy heifer calves 
up to 3 months of age. Prev. Vet. Med. 113, 231–240. doi: 10.1016/j.prevetmed.2013.10.019

Wittum, T., Salman, M., Odde, K., Mortimer, R., and King, M. (1993). Causes and 
costs of calf mortality in Colorado beef herds participating in the national animal health 
monitoring system. J. Am. Vet. Med. Assoc. 203, 232–236. doi: 
10.2460/javma.1993.203.02.232

Xin, H., Ma, T., Xu, Y., Chen, G., Chen, Y., Villot, C., et al. (2021). Characterization of 
fecal branched-chain fatty acid profiles and their associations with fecal microbiota in 
diarrheic and healthy dairy calves. J. Dairy Sci. 104, 2290–2301. doi: 
10.3168/jds.2020-18825

Zeineldin, M., Aldridge, B., and Lowe, J. (2018). Dysbiosis of the fecal microbiota in 
feedlot cattle with hemorrhagic diarrhea. Microb. Pathog. 115, 123–130. doi: 
10.1016/j.micpath.2017.12.059

Zhu, Q., Qi, S., Guo, D., Li, C., Su, M., Wang, J., et al. (2024). A survey of fecal virome 
and bacterial community of the diarrhea-affected cattle in Northeast China reveals novel 
disease-associated ecological risk factors. Msystems 9, e0084223–e0000823. doi: 
10.1128/msystems.00842-23

Zmora, N., Zilberman-Schapira, G., Suez, J., Mor, U., Dori-Bachash, M., Bashiardes, S., 
et al. (2018). Personalized gut mucosal colonization resistance to empiric probiotics is 
associated with unique host and microbiome features. Cell 174:e 1321, 1388–1405. doi: 
10.1016/j.cell.2018.08.041

https://doi.org/10.3389/fmicb.2025.1511430
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1038/s41396-020-0678-3
https://doi.org/10.1128/AEM.02534-18
https://doi.org/10.4141/cjas10047
https://doi.org/10.3389/fmicb.2016.00582
https://doi.org/10.1080/19490976.2015.1134082
https://doi.org/10.1371/journal.pone.0063157
https://doi.org/10.1111/imr.12567
https://doi.org/10.1007/s11250-019-02181-w
https://doi.org/10.1128/AEM.01541-09
https://doi.org/10.3389/fmicb.2022.958080
https://doi.org/10.1007/s00203-024-04047-8
https://doi.org/10.1128/msystems.00582-23
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.5187/jast.2022.e71
https://doi.org/10.1016/0167-5877(90)90007-5
https://doi.org/10.1371/journal.pone.0262317
https://doi.org/10.1093/femsec/fiy203
https://doi.org/10.3168/jds.2017-14019
https://doi.org/10.1016/j.prevetmed.2013.10.019
https://doi.org/10.2460/javma.1993.203.02.232
https://doi.org/10.3168/jds.2020-18825
https://doi.org/10.1016/j.micpath.2017.12.059
https://doi.org/10.1128/msystems.00842-23
https://doi.org/10.1016/j.cell.2018.08.041

	Changes in the gut microbiome due to diarrhea in neonatal Korean indigenous calves
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Animals
	2.3 DNA extraction and polymerase chain reaction
	2.4 Gut microbiome analysis
	2.5 Statistical analysis

	3 Results
	3.1 Sequence reads
	3.2 Alpha diversity
	3.3 Community membership and structure
	3.4 Taxonomic composition analysis
	3.5 Selection of key microorganisms

	4 Discussion

	References

