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Background: Diarrhea is still the most common and economically most
significant disease of newborn calves.

Objective: Analysis of the development of selected bacterial groups in the
feces of neonatal calves and its significance regarding diarrhea.

Animals: A total of 150 newborn Simmental calves reared in 13 Bavarian farms
were included in the study.

Methods: Fecal samples of calves taken at 0/6/12/24/48/72/168 hours (h)
since birth were analyzed qualitatively and quantitatively for aerobic and
anaerobic bacteria, such as Enterobacteriaceae, E. coli, enterococci, and
lactobacilli, using cultural, biochemical, and molecular-biological methods.
Concurrently, the health status of the animals was recorded. The bacterial
levels of healthy and diarrheic animals were compared using statistical
methods. In addition, feces samples from calves that developed diarrhea were
examined by ELISA for the presence of rotaviruses, coronaviruses, E. coli F5,
and Cryptosporidium (Cr.) parvum.

Results: Fifty-seven out of 150 calves (37.3 %) that were examined developed
diarrhea within the first week of life. In the feces of calves with diarrhea on day
1 of life, the levels of aerobes, Enterobacteriaceae, and E. coli were significantly
increased (p < 0.05), while no significant differences in enterococci and
lactobacilli were found. In animals with the onset of diarrhea on day 2 after
birth, the load of lactobacilli was significantly reduced up to 24h before
the manifestation of clinical symptoms compared to healthy calves. For
enterococci, this was only the case on the day of the onset of diarrhea. In
addition, the ratios of aerobic and anaerobic bacteria, Enterobacteriaceae or
E. coli to lactobacilli, of calves with diarrhea starting on day 2 after birth are

01 frontiersin.org


https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://doi.org/10.3389/fmicb.2022.958080
http://crossmark.crossref.org/dialog/?doi=10.3389/fmicb.2022.958080&domain=pdf&date_stamp=2022-10-25
mailto:Karin.Schwaiger@vetmeduni.ac.at
https://doi.org/10.3389/fmicb.2022.958080
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmicb.2022.958080/full
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Schwaiger et al.

10.3389/fmicb.2022.958080

significantly higher than those of healthy calves. The detection frequency of
specific pathogens in diarrheic calves increased over the first week of life.

Conclusion:

The results suggest that the incidence of neonatal diarrhea

in calves is favored by low levels of lactobacilli in the feces. From this,
the hypothesis can be derived that, in addition to an optimal supply of
colostrum, the earliest possible administration of lactobacilli might reduce
neonatal diarrhea in calves. However, this must be verified in a subsequent

feeding experiment.
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Introduction

Diarrhea in newborn animals is a long-known health
problem, possibly since humans started keeping domestic
animals (Key et al., 2020). As early as 1793, Clafl stated that
“this evil happens frequently and many calves are lost” (Claf,
1793). Up to now, diarrhea is considered the most common
and economically significant disease of young calves (Elze et al.,
1994; Doll et al., 1995). A total of 5-10% of live-born calves die,
and approximately half of all deaths among calves up to the first
month of age are due to diarrhea (Kaske and Kunz, 2003; Brickell
et al., 2009). The National Animal Health Monitoring System
for U.S. dairy reported in 2014 that 56% of ill calves showed
digestive disorders with a case fatality rate of 8.5%; most cases
occurred in calves less than 1 month old (Urie et al., 2018).

Calf diarrhea is attributed to both non-infectious and
infectious factors. Various enteric pathogens like bovine
rotavirus (BRV), bovine coronavirus (BCoV), bovine viral
diarrhea virus (BVDYV), Salmonella (S.) enterica, Escherichia (E.)
coli, Clostridium (C.) perfringens, and Cryptosporidium (Cr.)
parvum along with newly emerging enteric pathogens such as
bovine torovirus (BToV) and caliciviruses (bovine norovirus
[BNoV] and Nebovirus) are known or considered to cause
diarrhea (Cho and Yoon, 2014). In addition, factors such as
housing type, colostrum intake, and hygienic conditions can be
associated with field outbreaks and may favor the development
of clinical symptoms and influence the severity and outcome of
the disease (Lee et al., 2019).

Diarrhea is the most common clinical sign of gut dysbiosis
and has been demonstrated in various animal species like
dogs, cats, or horses (Guard et al., 2015; Suchodolski et al.,
2015; Arroyo et al, 2020). Compared to healthy calves,
feedlot cattle with hemorrhagic diarrhea showed significant
increases in the relative abundance of Clostridium, Blautia, and
Escherichia, and significant decreases in the relative abundance
of Flavobacterium, Oscillospira, Desulfonauticus, Ruminococcus,
Thermodesulfovibrio, and Butyricimonas (Zeineldin et al., 2018).
Gomez et al. (2017) showed that the intestinal microbiota of
healthy dairy calves appeared to be farm-specific, as were the
changes during diarrhea. They suggested that dysbiosis can
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occur in diarrheic calves and is associated with changes in the
predictive metagenomics function of the bacterial communities.
In the present study, total aerobic and anaerobic colony forming
units (cfu) in the fecal samples were determined to quantify
the overall bacterial count development and the individual
differences in the very first hours and days of life, as well as
to see when the bacterial count plateau is normally reached.
The selection of the further investigated bacterial groups was
based on existing knowledge about the development of the
microbiota according to which the intestinal tract of newborn
calves is quickly colonized by Enterobacteriaceae (E. coli),
clostridia, and enterococci. These bacteria are considered to
predominate numerically during the first two days of the calves’
lives. Furthermore, approximately 24 h after birth, lactobacilli
establish themselves in the gastrointestinal tract and soon
become a dominant species (Smith, 1965). Moreover, since
lactobacilli are considered “beneficial microorganisms” (Pace
et al., 2015), we wanted to investigate their development and
impact on diarrhea in more detail.

It is not surprising that the fecal microbiota differs between
healthy and diarrheic calves. However, hardly anything is known
about the situation 1 or 2 days before clinical signs become
manifest. Are there quantitative differences in selected bacterial
groups in the feces of calves that stay healthy for the next few
days versus those that develop diarrhea a day or two later? If that
were the case, this might serve as a scientific basis for diarrhea
prevention. To verify this hypothesis, we conducted a wide-
ranging prospective study with newborn calves that combined
clinical and extensive microbiological investigations during the
first week of life.

Materials and methods

Animals

To have a representative number of diarrheic calves with
a high probability of obtaining statistically sound results, 150
newborn animals (66 female and 84 male) of the Simmentaler
breed were included in the study. To determine the number
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of animals, the incidence data from the studies by Girnus
(2004) and Reski-Weide (2013) were used. The calculation
was carried out using the software G*Power 3.1.9.7 (Faul
et al,, 2007). The calves were reared in 13 Bavarian farms
(cows/farm: 55-165). Calf management and feeding designs
were very similar during the first week of life. At all farms,
the calves were placed in so-called calf-igloos or weather-
protected individual boxes in the outdoor area within 24 h after
birth. The time until the first colostrum (fresh, hand-milked)
intake and the amount of colostrum ingested were recorded
for each calf (see Supplementary Table). The calves were fed
milk from the mother cow, milked by hand, 3-4 times per
day for the first 5 days of life, after which the calves received
a milk replacer. The cows were not treated with antibiotics
during the perinatal period. Farmers were also instructed not
to feed a starter containing probiotics to avoid data bias.
In case of diarrhea, only oral electrolytes were administered,
if necessary.

Daily clinical examination of all calves was performed for at
least 8 days. Among the common clinical parameters, particular
attention was given to sensorium, sucking reflex, skin turgor,
eyeball position, rectal temperature, heart rate, respiratory rate,
appetite, and feces characteristics (Stober, 2012). Particular
attention was paid to the consistency of the feces. For the
diagnosis of “diarrhea”, the scoring system of the Clinic for
Ruminants of the Veterinary Faculty of the University of
Munich (Germany) was used (Prof. Wolfgang Klee, personal
communication): feces that have the consistency of water or
pea soup or that flow through spread fingers are classified
as diarrhea.

Fecal samples were collected immediately after birth
(0h, meconium) and 6, 12, 24, 48, 72 (3 days), and 168
(7 days) h after birth for microbiological investigations.
Animals
analysis from this point onward. Detailed data on the

showing diarrhea were excluded from data
occurrence of diarrhea for each individual calf can be seen in
Supplementary Table.

Sampling

Feces samples were obtained directly by the farmers after
being instructed by the authors of the present study. The anal
region of the calves was cleaned (Bode Baktolin Waschlotion,
Paul Hartmann AG, Heidenheim a. d. Brenz, Germany) and
disinfected (Safe Sept Hautdesinfektion Pumpspray, Henry
Schein, Berlin, Germany). Then, an industrial-clean glove was
put on and the feces were removed with a gloved finger
directly from the calf’s anus. The glove was pulled inside
out, knotted, and placed in a freezer bag. This procedure
should ensure that contamination is largely avoided. The
samples were stored at 4-8°C for a maximum of 48h until
further investigation.
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Microbiological examinations

The microbiological examinations were carried out as
previously described (Schwaiger et al., 2020). Total aerobic and
anaerobic cfu in the fecal samples were quantified by using the
reference spatula method on Standard I Nutrient agar (Merck,
Darmstadt, Germany) containing 7% defibrinated sheep blood
(Fiebig, Idstein-Niederauroff, Germany) and Schaedler agar
(Becton-Dickinson, Heidelberg, Germany) with 5% sheep blood
and vitamin K (Fiebig, Idstein-Niederauroff, Germany; Merck,
Darmstadt, Germany). This procedure ensures a detection
limit of 10% living bacteria/g feces (Gedek, 1974). The criteria
for counting the different bacterial groups were growth on
selective agar plates as well as morphology and color of the
colonies. In addition, representative colonies were analyzed
by microscopical, biochemical, and/or MALDI-TOF methods
(see below).

The number of Enterobacteriaceae was determined using
Gassner agar (Merck, Darmstadt, Germany), lactobacilli
using LAMVAB-agar (Hartemink and Rombouts, 1999), and
enterococci using citrate azide tween carbonate (CATC) agar
(VWR, Darmstadt, Germany).

Escherichia (E.) coli were isolated on Gassner agar
and biochemically confirmed by the production of B-D-
glucuronidase and by the criterion of metabolizing sorbitol
(Fluorocult agar, Merck, Darmstadt, Germany). Suspicious
lactose-positive Enterobacteriaceae colonies not matching these
criteria were investigated by API 20E (Biomerieux, Niirtingen,
Germany). Lactose- and indole-negative strains were tested
with antiserum Salmonella Omnivalent (Sifin, Berlin, Germany)
for agglutination.

Enterococcus (Ent.) faecalis and Ent. faecium were isolated
on CATC-Agar (citrate azide tween carbonate agar; Sifin,
Berlin, Germany) and biochemically confirmed by testing
their metabolism of xylose, mannitol, arabinose, and sodium-
pyruvate (Bejuk et al., 2000).

For the identification of Clostridium spp., bacteria growing
under anaerobic conditions on Schaedler-agar were sub-
cultured under both aerobic and anaerobic conditions to
exclude facultative anaerobic bacteria. The remaining obligatory
anaerobes were identified at the genus level as Clostridium
spp. using micro-morphological (Gram +/—, rods, spores) and
biochemical criteria (oxidase —, indole +/—).

Bacteria of the genus Lactobacillus on LAMVAB-agar were
identified at the genus level by microscopic (Gram +, rod,
no formation of spores) and biochemical criteria (catalase—,
oxidase—, indole +/—). The determination of the species was
carried out by using MALDI-TOF-MS (Bruker Microflex™ LT;
Bruker, Billerica, USA). Briefly, spectra from each isolate were
obtained in accordance with the manufacturer’s instructions
using fresh and pure cultures. A small amount of culture
material was transferred with a toothpick onto a 96-spot
polished steel target plate and overlaid with one microliter
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TABLE 1 Detection of common pathogens in the feces of diarrheic calves (n = 57) using ELISA (BIO K 348) at different times after birth.

Onset of diarrhea

Day Number of animals BRV

1 6 -
16 -
5 _

—

3
5
14

N e W N

[ SIS I ]

8

BRYV, bovine rotavirus; BCoV, bovine coronavirus; Cr, Cryptosporidium parvum.

of a-cyano-4-hydroxy-cinnamic acid. After drying at room
temperature, species identification was performed using Bruker
Microflex™ LT equipment (Bruker, Billerica, USA) and the
Biotyper Real-Time Classification software v. 3.0 (Bruker
Daltonics, Bremen, Germany).

In total, we examined 560 and 399 fecal samples from
healthy and diarrheic calves, respectively, and more than 8,100
bacterial isolates were preserved for further identification.

In case of diarrhea, a digestive antigen sandwich enzyme-
immunoassay (ELISA; BIO K 348, Bio-X Diagnostics, Rochefort,
Belgium) was carried out according to the manufacturer’s
instructions to test for the presence of the most prevalent
diarrhea pathogens BRV, BCoV, E. coli F5 (K99), and Cr. parvum.

Statistical analysis

All statistical analyses were performed using the ‘R’ software
version 4.0.4 (http://www.r-project.org/). The cfu counts were
log-transformed. The Wilcoxon rank-sum test was applied to
compare the counts of bacterial groups of healthy and diarrheic
calves. In addition, a Kolmogorov-Smirnov test was used to
analyze the value distribution of the corresponding groups. The
probability of the occurrence of diarrhea in the population
of calves depending on the bacterial count at the species
level was modeled by a logistic regression adjusting for the

respective farm.

Results

General observations

Fifty-seven out of 150 calves (37.3 %) examined developed
diarrhea within the first 7 days of life. The time of onset
showed a bimodal distribution with peaks on days 2 and 6
(Table 1). Looking at the individual farms, the incidence of
diarrhea was highly variable between 0 and 100% [in detail, from
farm 1 to farm 13 (in %): 38/17/23/39/85/47/67/0/100/39/75/8,
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Number of calves harboring pathogens

BCoV Cr E. coli F5 BRV/Cr
- 1 - —
1 5 - -
1 2 - 1
_ 1 _ _
2 - 1
- 6 - 3
3 2 - 1

respectively]. For detailed information for each individual calf
(see Supplementary Table).

The colostrum intake data are summarized in Figure 1. The
colostrum was fed on average 1.7h after birth. Calves that
remained healthy in the first week received colostrum after an
average of 1.5 h, while those that developed diarrhea ingesting it
after 2h on average (p = 0.04). All calves ingested an average
of 1.78 (40.72) liters (L) of colostrum. Calves that suffered
from diarrhea during the first week consumed an average of
1.57 (40.7) L, and those that remained healthy 1.92 (4-0.7) L
(p = 0.006). Detailed information on the time and volume of
colostrum intake can be viewed in Supplementary Table for each
individual calf.

Pathogens in the feces of calves with
diarrhea

The results of the ELISA assays are summarized in Table 1.
Cr. parvum (n = 23) was detected most frequently, followed by
BRV (n = 16) and BCoV (n = 7). E. coli F5 was not found in
the samples analyzed. Cr. parvum antigen was already detectable
in one sample on the first day of life, while BCoV and BRV
were only found on the second and third day, respectively.
In addition, it was apparent that later diarrhea occurs more
frequently within the first week of life, the more often
pathogens can be assigned to clinical events by ELISA. Detailed
information about the pathogens detected for each individual
calf with diarrhea can be seen in Supplementary Table.

Quantity of selected bacterial groups in
the feces of healthy and diarrheic calves

Based on the sampling design and the number of cases of

diarrhea per day, the cases starting on days 1, 2, and 8 after birth
were analyzed in more detail.
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FIGURE 1
Comparison of colostrum intake data of newborn calves without (white boxes, n = 81) and with diarrhea (gray boxes, n = 57) in the first week of
life. (A) Time to colostrum ingestion after birth. (B) Amount of colostrum ingested (Wilcoxon test, *p < 0.05).

Diarrhea on day 1

Six out of 150 calves suffered from diarrhea during
the first 24h after birth (Table 1). The quantitative analysis
showed a significant increase in aerobic bacteria (p = 0.029),
Enterobacteriaceae (p = 0.013), and E. coli (p = 0.019) in the
feces of diarrheic calves (Figure 2). Interestingly, these results
were already apparent 12 h after birth. No significant differences
could be seen between healthy and diarrheic calves regarding
anaerobic bacteria, lactobacilli, and enterococci. On day 2 of
life, the counts of the bacterial groups analyzed did not differ
between healthy and diarrheic calves. On average, both groups
ingested almost the same amount of colostrum at the first
feeding (healthy calves: 1.79 L; diarrheic calves: 1.6 L).

Diarrhea on day 2

As already mentioned, most diarrheal diseases (n = 16)
occurred on day 2 after birth (Table 1). Interestingly, the group
of calves with diarrhea on day 2 consumed significantly less
colostrum on average than those that remained healthy (1.33
vs. 1.86L; p = 0.0025). The results of the bacteriological
investigation are shown in detail in Figure 3. The development of
fecal bacterial counts of aerobes, anaerobes, Enterobacteriaceae,
and E. coli was almost the same during the first 48h after
birth in both calves with and without diarrhea on day 2.
However, 1 day after the onset of diarrhea, diarrheic calves had
significantly increased levels of aerobic bacteria (p = 0.000097)
and Enterobacteriaceae (p = 0.002557; Figures 3A,C). While a
similar trend was observed for E. coli (p = 0.0013; Figure 3D),
this was not the case for anaerobic bacteria.

When evaluating the development of lactobacilli, it was
found that these counts were significantly reduced 24 h before
the manifestation of diarrhea compared to calves that remained
healthy (p = 0.01). This was also the case on days 2 and 3 after
birth. With regard to the number of enterococci, a significant
difference could only be found in the 48-h samples. It should
be noted that, first, a growth reduction in enterococci and
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lactobacilli was observed, and then an increase in aerobic counts,
Enterobacteriaceae, and E. coli.

In addition, we analyzed the ratio of fecal aerobic counts,
anaerobic counts, Enterobacteriaceae, and E. coli in comparison
to enterococci and lactobacilli of healthy and diarrheic calves
during the first three days of life (Figure 4). In the case of
lactobacilli, it was noticeable that the ratios obtained for animals
suffering from diarrhea on day 2 were significantly higher than
those obtained for healthy calves. This was evident as early as
24 h before the clinical manifestation of diarrhea. Similar results
were also found for enterococci, albeit to a much lesser extent.

We also compared enterococci and lactobacilli of healthy
calves from farms with diarrhea with the counts of calves
from farms without diarrhea on day 2 during the first three
days of life (Figure 5). As a result, the numbers of enterococci
and lactobacilli were significantly reduced on days 2 and 3 in
healthy calves from farms with diarrhea on day 2, although
the numbers of enterococci and lactobacilli were almost the
same in both groups 24h after birth. When comparing the
numbers of fecal enterococci and lactobacilli of healthy and
diarrheic calves from farms with diarrheic calves on day 2, a
similar result as shown in Figures 3E,F emerged: bacteria of
the genus Lactobacillus was significantly reduced in the feces
of calves with diarrhea (Figure 6). There was no correlation
between the volume of colostrum consumption or the first
feeding time and the concentration of lactobacilli in the feces
(data not shown).

Diarrhea From day 3 to day 7

Only five calves developed diarrhea 3 days after birth
(Table 1). No differences in the levels of the selected bacterial
groups could be detected between healthy and diarrheic calves.
Since no feces samples were collected between days 4 and 6,
a detailed evaluation during this period is not possible. The
colostrum intake of the diarrheic and healthy calves during this
period did not differ significantly (p = 0.112). However, it is
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(Wilcoxon test, *p < 0.05).

Fecal microbial contents of selected bacterial groups of healthy calves (white boxes, n = 144) and calves with diarrhea within 24 h after birth
(gray boxes, n = 6). (A) Aerobic bacteria; (B) anaerobic bacteria; (C) Enterobacteriaceae; (D) E. coli; (E) Enterococcus spp.; (F) Lactobacillus spp.
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notable that 14 cases of diarrhea occurred on day 6 after birth
when BRV and/or Cr could be identified (Table 1).

Diarrhea on day 8

On day 8 after birth, eight of the 150 examined calves
developed diarrhea (Supplementary Table). When fed for the
first time, these eight calves ingested almost the same amount
of colostrum as the animals that had remained healthy until
that point (1.85 vs. 1.92L, p = 0.8962). One day before,
none of the numbers of aerobic bacteria, anaerobic bacteria,
Enterobacteriaceae, E. coli, and lactobacilli changed in the feces
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in comparison to the fecal samples of animals that remained
healthy. Only the number of enterococci was significantly
reduced in the animals suffering from diarrhea the next day (p
< 0.05; Figure 7).

Thirty-eight different species of Lactobacilli were detected in
the feces of all calves during the whole investigation period. The
most common species were identified as L. brevis, L. fermentum,
L. mucosae, L. murinus, L. parabuchneri, L. paracasei, L.
plantarum, L. reuteri, L. rhamnosus, and L. salivarius. The logit
model showed that, with increasing concentration of L. reuteri,
the probability of occurrence of diarrhea decreased; variable “a”
was significant with p = 0.036.
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Discussion

Diarrhea in newborn calves is a multifactorial disease, and a
variety of infectious and non-infectious criteria play a role in its
development. In our study, about one-third of newborn calves
showed diarrhea during the first 8 days of life. This incidence
rate is comparable to that of previous investigations, which were
conducted in the same geographic area and with the same cattle
breed (Girnus, 2004; Reski-Weide, 2013). It is noteworthy that
analysis of the frequency of diarrhea cases per day shows two
peaks (day 2 and day 6 after birth), an observation that was
already described by Bendali et al. (1999).
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Not surprisingly, calf colostrum supply has a significant
impact on diarrhea incidence—the earlier the calves were
supplied with colostrum, and the higher the amount ingested,
the lower the incidence of diarrhea. This fact has been repeatedly
confirmed in numerous publications (Fallon and Harte, 1983;
Donovan et al., 1998).

For reasons already discussed in our previous study
(Schwaiger et al, 2020), we decided to apply cultivation
techniques. Admittedly, it is known that a large proportion
of intestinal bacteria cannot be detected using conventional
bacteriology (Zoetendal and Mackie, 2005). However, these
perhaps seemingly old-fashioned methods were better suited
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FIGURE 4
Ratio of counts (cfu/g feces) of specific bacterial groups to Enterococcus spp. or Lactobacillus spp. during the first 72 h after birth. (A1) Aerobic
bacteria to enterococci; (A2) anaerobic bacteria to enterococci; (A3) Enterobacteriaceae to enterococci; (A4) E. coli to enterococci; (B1)
Aerobic bacteria to lactobacilli; (B2) anaerobic bacteria to lactobacilli; (B3) Enterobacteriaceae to lactobacilli; (B4) E. coli to lactobacilli. White
boxes: values of healthy calves (n = 127-133); gray boxes: values of calves with diarrhea onset on day 2 (n = 16; Wilcoxon test, *p < 0.05, **p <
0.001, ***p < 0.00001).

for the purposes of the present study than next-generation
sequencing (NGS) techniques because they allow absolute
quantification of cell numbers instead of relative abundances.
Additionally, all cultivated isolates can be differentiated down
to species level, whereas the composition of the microbiota
determined by NGS is characterized mostly at the phylum or
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genus level. To gain reliable new insights into the kinetics of the
(cultivable) microbiota of newborn healthy and diarrheic calves
down to the species level, cultural techniques were combined
with MALDI-TOF.

Calves that developed diarrhea within the first day of life
had significantly higher concentrations of aerobic bacteria,
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FIGURE 5

Counts of enterococci (A) and lactobacilli (B) in calves’ feces. White boxes: feces of healthy calves from farms where no diarrhea occurred on
day 2 of life (n = 49). Gray boxes: feces of healthy calves from farms where diarrhea occurred on day 2 of life (n = 79; Wilcoxon test, *p < 0.05).
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FIGURE 7

Fecal microbial contents of selected bacterial groups of healthy
calves on day 7 after birth. White boxes: values of calves that
remain healthy; gray boxes (n = 101): values of calves with
diarrhea starting the next day (n = 8) (Enterobact.,
Enterobacteriaceae; Enterococc., Enterococcus spp.; Lactobac.,
Lactobacillus spp.; Wilcoxon test, *p < 0.05).

anaerobic bacteria, Enterobacteriaceae, and E. coli in the feces.
The high levels of these bacterial groups may be related to
poor hygiene during or immediately after birth. For example,
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Klein-Jobstl et al. (2014) demonstrated that cleaning the calving
area after each calving significantly reduces the odds of calf
diarrhea on farms. Apart from Cr. parvum, we were unable to
detect a specific diarrhea-associated pathogen in the feces of this
group of calves by ELISA. Therefore, it is conceivable that a
high bacterial load may have disturbed the intestinal microbiota,
which is still very unstable at that time, resulting in diarrhea.

As already mentioned, we detected Cr. parvum antigen in
the feces of one calf with the onset of diarrhea on day 1. Since the
development cycle of Cr. parvum takes about 3-6 days (Rommel,
2000), it is rather unlikely that the diarrhea of this calf was caused
by Cr. parvum. Instead, it seems more likely that the detected
particles of Cr. parvum have passed through the gastrointestinal
tract without going through a stage of development. This must
also be considered about the occurrence of Cr. parvum on day
2 of life. Since this single-celled organism is transmitted by fecal
contamination, the positive ELISA result might be used as an
indicator of poor hygiene during the perinatal phase.

Evaluation of the data of calves that developed diarrhea on
the second day after birth shows that 24 h before the onset of
diarrhea the number of lactobacilli was significantly reduced
compared to healthy calves. This fact was also found both on
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the day on which diarrhea began and on the following day.
Enterococci were significantly reduced only on the day diarrhea
began. Interestingly, an increase in the numbers of aerobic
bacteria, Enterobacteriaceae, and E. coli could only be observed
one day after the onset of diarrhea.

The ratio of different bacterial taxa, especially Firmicutes
to Bacteroidetes, is a frequently used parameter to describe
gastrointestinal dysbiosis (Youmans et al., 2015; Bin et al., 2018).
In fact, we could see a clear shift in the ratios of the numbers
of aerobic bacteria, anaerobic bacteria, Enterobacteriaceae, and
E. coli to lactobacilli. In the case of enterococci, this shift in
the ratios was less pronounced (Figure 4). It is noteworthy
that significant differences in the ratio of anaerobic bacteria to
lactobacilli or enterococci were found between healthy calves
and calves suffering from diarrhea, while this was not the case
when comparing only the anaerobic bacterial counts (Figure 3).
These results indicate that the proportions of aerobic bacteria,
anaerobic bacteria, Enterobacteriaceae, and E. coli to lactobacilli
have shifted to the disadvantage of the latter. The same is
probably the case for enterococci, albeit to a lesser extent.

The reason why lactobacilli in calves that develop diarrhea
do not increase as much as in animals that remain healthy
cannot be clarified without further elaboration. As mentioned
above, we were able to show the influence of colostrum supply
on the incidence of diarrhea. However, there was no correlation
between the amount of colostrum consumed or the first feeding
time and the concentration of lactobacilli in the feces (data not
shown). This agrees with the results of Fischer et al. (2018), who
only found a relative reduction of lactobacilli in the colon when
colostrum intake was delayed by 12 h. Since the components of
the colostrum were not analyzed, we cannot make any statement
about possible differences in the composition and the growth
of lactobacilli.

An interesting aspect can be shown by comparing the fecal
counts of enterococci and lactobacilli of healthy calves from
farms with diarrhea with calves from farms without diarrhea on
day 2 during the first 3 days of life (Figure 5): the numbers of
enterococci and lactobacilli were significantly reduced on days
2 and 3 in healthy calves from farms with diarrhea on day
2, although the numbers of enterococci and lactobacilli were
almost the same in both groups 24 h after birth. This discrepancy
can result from different farm management systems. A so-
called “farm effect” on the composition of the fecal microbiota
has been observed by Weese and Jelinski (2017). However, as
already mentioned, no major differences regarding the handling
of newborn calves could be found. In addition, when comparing
healthy and diarrheic calves from farms with diarrheic calves on
day 2, bacteria of the genus Lactobacillus (and, to a lesser extent,
also of the genus Enterococcus) were significantly reduced in the
feces of calves with diarrhea (Figure 6). Recently, we showed
that fecal samples from twin calves revealed higher similarity
in single-strand conformation polymorphism profiles compared
to their coresidents, indicating that the individual microbiota
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might be genetically or epigenetically influenced (Mayer et al.,
2012).

The gut microbiota-modulating effects of enterococci and
especially lactobacilli are discussed and demonstrated (Azad
et al.,, 2018; Shin et al., 2019). It is well known that bacteria
of both genera produce various compounds that inhibit the
growth of bacteria. For example, enterocins were detected in
cultures of Ent. faecium, Ent. faecalis, Ent. Hirae, and Ent.
durans (Hernandez-Gonzdlez et al., 2021), while strains of L.
reuteri produce reuterin and reuterocycline (Talarico et al.,
1988; Ginzle, 2004). In addition, growth-inhibition substances
like organic acids, hydrogen peroxide, diacetyl, and ethanol
are synthesized by lactobacilli (Millette et al., 2007; Vieco-Saiz
etal., 2019). Because of this metabolic performance, and because
of the competition for binding sites on the intestinal mucosa,
enterococci and lactobacilli prevent the proliferation of bacteria
and appear to be important for the development and stability
of a eubiotic microbiota (Mokoena, 2017). The consequence of
a decrease in enterococci and lactobacilli is an increase in the
numbers of aerobic bacteria, Enterobacteriaceae, and E. coli.

L. reuteri, which is one of the Lactobacillus species
predominant in calves (Schwaiger et al., 2020), seems to
play a special role regarding their intestinal health. Delayed
development of this species during the first 3 days of life favors
the likelihood of diarrhea in the first week of life. The beneficial
properties of L. reuteri are frequently discussed. In addition
to the antibiotic effects mentioned above, inhibitory effects
on viruses (especially rotavirus) as well as cryptosporidia are
described (Alak et al., 1997; Glass et al., 2004; Seo et al., 2010;
Ang et al., 2016). Our results contradict those of the recently
published investigation by Slanzon et al. (2022). According
to this study, L. reuteri occurs more frequently in the fecal
microbiota of calves with gastrointestinal diseases. However, it
should be noted that (1) calves of other breeds (Holstein, Jersey,
Jersey-cross, and beef-cross vs. Simmentaler) and (2) a different
age group (4-21 days vs. 1-7 days) were examined.

Looking at the counts of the selected bacterial groups on
day 7 (Figure 5), a significant difference between calves that
remained healthy and calves suffering from diarrhea the next day
could only be found for enterococci. However, from day 5 of life,
specific diarrhea pathogens (BVR, BCoV, and/or Cr. parvum)
were detected in all calves with diarrhea (Table 1). It appears that
from this point on, diarrhea is caused less by microbial dysbiosis
than by specific pathogens. Surprisingly, we could not find any
evidence for the presence of E. coli F5, a known pathogen in
2-3-day-old diarrheic calves. In contrast to Ewers et al. (2004)
who tested individual isolates of E. coli, we used, in accordance
with the manufacturer’s instructions, feces as the test material,
which may impair the sensitivity of the test system. In addition,
it seems that the incidence of E. coli F5 in calves with diarrhea
has decreased in recent years (Kolenda et al., 2015).

In conclusion, a restricted development of lactobacilli in
the first days of life leads to a quantitative shift in the fecal
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microbiota. This reflects an enteric dysbiosis that favors the
onset of diarrhea in newborn calves. Specific pathogens as
causative agents of diarrhea increase over the course of the first
week of life. The number of lactobacilli is reduced about 24 h
before the clinical manifestation of diarrhea on day 2 after birth.
This fact suggests that the incidence of diarrhea in the first days
of life might be reduced by administering lactobacilli (especially
L. reuteri) as early as possible together with colostrum. This
hypothesis must be verified using a targeted feeding experiment
in an extensive follow-up study.
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