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The large intestine healthy microbiota in sheep hosts pathogenic, but mainly

nonpathogenic bacteria, which are essential to intestinal metabolism,

contributing energy, antigens, and metabolites that positively impact host

physiology, immunity, and metabolism. However, this microbiota also poses a

public health risk due to fecal contamination in animal products, such as wool.

This study examined howmaternal diet and pregnancy type influence the relative

abundance of zoonotic bacterial DNA belonging to phyla Firmicutes and

Proteobacteria in sheep feces and wool. In total, 18 Ile de France ewes, with 8

carrying twins and 10 single lambs, were divided into two groups: one fed ad

libitum on naturalized pasture, the other given red clover hay plus lupine, from 45

days prepartum to 60 days postpartum. Both fecal and wool samples were

collected from ewes and lambs four and three times, respectively, and analyzed

via qPCR for Firmicutes (Clostridium perfringens type C, Staphylococcus aureus,

Staphylococcus epidermidis, Streptococcus uberis, Enterococcus faecalis, and

Streptococcus agalactiae) and Proteobacteria (Salmonella typhimurium and

Escherichia coli serotype O157). Data were analyzed using repeated measures

two-way ANOVA. Results showed lower bacterial abundance in fecal samples

than in wool samples, with ewe’s wool exhibiting a lower bacterial abundance

compared with lamb’s wool. E. faecalis (Firmicutes) and E. coli (Proteobacteria)

were the most prevalent bacteria, suggesting environmental contamination

related to sheep behavior. In summary, handling offspring from birth to

weaning and ewes until 60 days postpartum may increase zoonotic pathogen

transmission risk, raising public health concerns regarding exposure to intestinal

pathogenic bacteria.
KEYWORDS

relative abundance, pathogenic phyla bacteria, wool contamination, sheep, human risk,
public health
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1 Introduction

The large intestine microbiota plays a crucial role in sheep

intestinal metabolism, although it remains inadequately described.

It likely provides energy, antigens, and metabolites, positively

impacting host physiology, immunity, and metabolism. The

interplay between the microbiota and mucosal physiology

maintains a stable, which is essential for animal health and

productivity (Khafipour et al., 2009; Tanca et al., 2017).

The microbiota in the large intestine is similar to that in the

rumen (Cholewińska et al., 2020a), aiding decomposition of plant

material and its conversion into energy in the form of volatile fatty

acids, thereby directly affecting health, development, and

productivity (Khafipour et al., 2009; Tanca et al., 2017; Wang

et al., 2019; Zeng et al., 2017).

In sheep, the microbial community of large intestine consists

primarily of Firmicutes, Bacteroidetes, Actinobacteria, and

Proteobacteria (Cholewińska et al., 2023). Factors influencing this

microbiota include environment, breed (Chang et al., 2020;

Liggenstoffer et al., 2010), age (Parmar et al., 2014), feed efficiency

(McLoughlin et al., 2020), diet (Wang et al., 2019), and

physiological stage (Cholewińska et al., 2023), with a convergence

toward mature bacterial structure as animals transition from birth

to adulthood (Jami et al., 2013). Physiological stages, including

conception, early pregnancy, parturition, and end of lactation in

sheep, impact the digestive system’s microbiology (Szeligowska

et al., 2022). Stress and dysbiosis also shape the microbial

community of ruminants, which itself acts as a specific immune

system preventing pathogen growth (Szeligowska et al., 2022).

Dysbiosis not only compromises animal health but also poses

significant public health risks due to zoonotic spillover, particularly

in small ruminants like sheep, which are reservoirs for various

gastrointestinal pathogens (Hancock et al., 2001; Brown et al., 2004;

Cox et al., 2005) and can transmit bacterial pathogens to humans

(Battisti et al., 2006; Blanco et al., 2003; Hanlon et al., 2018). This

risk is especially high for young individuals, which show higher

susceptibility compared to adults (Delgado et al., 2013), posing a

public health concern associated with the intake and handling of

animal products contaminated with pathogenic bacteria, including

wool (Mersha et al., 2010).

In a previous pilot study, it was determined that bacteria with

zoonotic potential are detected in sheep feces and wool (Gallardo

et al., 2019) and according Szeligowska et al. (2022), stress and

dysbiosis influence the microbial community of ruminants.

Considering that pregnancy, parturition and delivery are stressful

factors for mothers (Nagel et al., 2019), we hypothesized that

maternal diet and pregnancy type influences the bacterial phyla

present in sheep feces and wool. Specifically, this study aimed to

determine the effects of maternal diet and pregnancy type on the

relative abundance of zoonotic bacterial DNA belonging to phyla

Firmicutes and Proteobacteria in feces and wool.
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2 Materials and methods

2.1 Bioethics

The methodology employed in this study was approved by the

Committee for the Ethical Use of Animals in Experiments of the

Universidad Austral de Chile (N°241/2015).
2.2 Location

The experiment was conducted on a farm located 12 km

southeast of Villarrica city, IX Region of the Araucanıá, southern

Chile (39°16′0″ S, 72°13′0″ E), from July 2016 to January 2017.
2.3 Experimental design

In total, 18 animals were randomly selected from a larger flock of

free-ranging Ile de France ewes in their third birth cycle, all with a

similar body condition score (3.0). This group comprised eight twin-

bearing and ten single lamb–bearing ewes grazing on naturalized

pasture, a successional pasture that germinates spontaneously under

suitable temperature and humidity conditions. Dominant species in

this pasture included Agrostis tenuis, Holcus lanatus, and Trifolium

repens (Gallardo et al., 2011). The selected ewes were divided into two

dietary groups: one fed ad libitum on naturalized pasture (85.20% ±

1.93% drymatter, 8.80% ± 0.45% crude protein, 2.13 ± 0.07Mcal kg−1

metabolizable energy, 64.77% ± 2.39% neutral detergent fiber, and

5.26% ± 0.14% total ashes), and the other fed red clover hay (83.12%

± 1.62% dry matter, 10.62% ± 0.12% crude protein, 2.31 ± 0.04 Mcal

kg−1 metabolizable energy, 54.35% ± 0.13% neutral detergent fiber,

and 5.23% ± 0.08% total ashes) supplemented with lupine (88.90%

dry matter, 17.17% crude protein, 3.08 Mcal kg−1 metabolizable

energy, 52.72% neutral detergent fiber, and 3.37% total ashes) to

meet nutritional requirements (Gallardo et al., 2019). Ewes were

divided into four groups based on diet and pregnancy type: twin-

bearing ewes fed naturalized pasture (n = 4) or red clover hay (n = 4),

and single lamb–bearing ewes fed naturalized pasture (n = 5) or red

clover hay (n = 5). The treatment period spanned from 45 days

prepartum to 60 days postpartum.

2.3.1 Sampling
Fecal and wool samples were collected from ewes 10 days

prepartum (time 0) and from ewes and lambs at birth (time 1),

30 days postpartum (time 2), and 60 days postpartum (time 3) to

analyze the relative abundance of bacterial DNA. Samples were

placed in Eppendorf tubes, transported on ice to the Institute of

Biochemistry and Microbiology, Universidad Austral de Chile, and

stored at −80°C until further analysis. RNA Safer Stabilizer Reagent

(E.Z.N.A.) was used to preserve samples at −80°C.
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Approximately 0.5 g of feces and 8 wool fibers per animal were

collected and processed using a DNA extraction protocol with 300

µL of Chelex-100 5%, adding 2 µL of lysozyme (10 mg/mL) for feces

and 2 µL of proteinase K for wool. Extracted DNA was stored at

−80°C until analysis. Pre-existing stock cultures for each of the eight

bacteria studied were provided by the Institute of Biochemistry and

Microbiology and were utilized as positive controls. DNA was

extracted from the bacterial cultures using E.Z.N.A and the

OMEGA-BIOTEK Tissue DNA Kit D3396-02.
2.4 Genomic DNA

Complete sequences of the 16S rRNA gene (16S rDNA) were

obtained from Salmonella typhimurium (ATCC14028), Escherichia

coli O157 (ATCC25922), Clostridium perfringens (ATCC13124),

Staphylococcus aureus (ATCC6538), Staphylococcus epidermidis

(ATCC12228), Streptococcus uberis (ATCC9927), Enterococcus

faecalis (ATCC19433), and Streptococcus agalactiae (ATCC27956).

Primer designs are provided in Table 1.

Ensured accurate thermal cycling conditions and reaction

component specification, primers (Table 1) were designed using

AmplifX 1.5 software, and reactions were performed on a

StepOnePlus Real-Time PCR System, using 5.0 µL of Green Master
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Mix Promega, 1.0 µL of sample as the template, and 0.5 µL of each

primer (10 µM), following a standard protocol: initial denaturation at

95°C for 10 min, followed by 40 cycles at 60°C. Cycle threshold (Ct)

values were used to calculate DNA concentrations from a calibration

curve prepared with positive control DNA. Initial DNA

concentrations were measured spectrophotometrically at 260 nm.

Bacterial load values were derived from qPCR results.
2.5 Statistical analysis

The effects of maternal diet (naturalized or red clover pasture)

and pregnancy type (twins or a single lamb) on the relative

abundance of eight bacterial types, in fecal and wool samples,

collected at four time points (0–3) from ewes 10 days prepartum

(time 0), and from ewes and lambs at birth (time 1), 30 days

postpartum (time 2), and 60 days postpartum (time 3), were

analyzed using a linear model. Fixed factors included maternal

diet, pregnancy type, and their interaction. Treatment and

measurement time effects are shown in each graph. Data were

analyzed through repeated measures two-way ANOVA in R studio

(version 4.0.3), with Bonferroni correction applied to identify

significant mean differences. Results were considered statistically

significant at p ≤ 0.05.
TABLE 1 Primer design specification for each bacteria considered in the study.

Gene Sequence (5´to 3´) Length bp Temp °C. Effi (%) References

16S-F ACTCCTACGGGAGGCAGCAGT 180 60 100.72 (Clifford et al., 2012)

16S-R TATTACCGCGGCTGCTGGC

S. Typh-F TGCAGAAAATTGATGCTGCT 99 60 135.091 (Barker et al., 2014)

S. Typh-R TTGCCCAGGTTGGTAATAGC

E. coli-F GTACAAGTCCACAAGGAAAG 125 61 95.75 (Guy et al., 2014)

E. coli-R CTTGTTTCGATGAGTTTATCTGCA

Cpa-F GCTAATGTTACTGCCGTTGA 109 63 85.75 (Garmory et al., 2000)

Cpa-R CCTCATTAGTTTTGCAACC

S. aureus-F CCTGAAGCAAGTGCATTTACGA 166 60 85.616 (Graber et al., 2007)

S. aureus-R CTTTAGCCAAGCCTTGACGAACT

S. Epidem-F GGAGGAACTAATAATAAGTTAACTG 165 58 99.12 (Kilic and Basustaoglu, 2011)

S. Epidem-R GTCATAAACAGTTGTATATAAGCC

Str. uberis-F AGAGGAATTCATCATGTTTTAACA 97 58 85.514 (Gillespie and Oliver, 2005)

Str. uberis-R AATTGTAGAAGAACCATTTGATGT

E. faecalis-F GTCACCTGTGTAAGCGTGGA 88 60 100.953 This paper

E. faecalis-R ACTGCTTAGCTCCAATGGCT

Str. agalac-F AGCTCTATTAGAAGTACATGCT 84 60 89.942 (Gillespie and Oliver, 2005)

Str. agalac-R CATTTGCTGGGCTTGATTATT
16S, 16S rRNA gene sequences (16S rDNA); S. Typh, Salmonella Typhimurium; E. coli O157, Escherichia coli serotype O157; cpa, Clostridium perfringens type C containing toxin a; S. aureus,
Staphylococcus aureus; S. epidem, Staphylococcus epidermidis; Str. Uberis, Streptococcus uberis; E. faecalis, Enterococcus faecalis; Str. Agalac, Streptococcus agalactiae.
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3 Results

Figure 1 shows the fecal pathogenic bacteria found in the

studied sheep feces. Time and bacterial type exhibited significant

(p < 0.0001), whereas maternal diet (p = 0.58) and pregnancy type
Frontiers in Animal Science 04
(p = 0.51) were not significant. However, the interaction effect of

time, bacterial type, maternal diet, and pregnancy type was

significant (p < 0.0001). The Bonferroni test showed that time 3

(60 days postpartum) differed from times 0 (10 days prepartum), 1

(birth), and 2 (60 days postpartum) (p = 0.039). Irrespective of
FIGURE 2

Fecal pathogenic bacteria in the wool of ewes. The scatter lines (vertical points pointing upwards) represent the abundance of the different fecal
pathogenic bacteria detected in mother wool regarding to the type of pregnancy, diet and time. The colors indicate the genus and species of each
microorganism identified (indicated in the legend on the right side of the figure).
FIGURE 1

Fecal pathogenic bacteria in ewe feces. The scatter lines (vertical points pointing upwards) represent the abundance of the different fecal pathogenic
bacteria detected in mother feces regarding to the type of pregnancy, diet and time. The colors indicate the genus and species of each
microorganism identified (indicated in the legend on the right side of the figure).
frontiersin.org

https://doi.org/10.3389/fanim.2025.1583281
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Gallardo Paffetti et al. 10.3389/fanim.2025.1583281
treatment, higher proportions of E. faecalis were observed

compared to other bacteria (p < 0.001), especially 10 days

prepartum (at time 0) in twin-bearing ewes fed naturalized pasture.

Figure 2 shows the fecal pathogenic bacteria found in ewe

wool. Time (p < 0.0001), bacteria type (p < 0.0001), and pregnancy

type (p < 0.0001) showed significant effects, whereas maternal diet

was nonsignificant (p = 0.47). Notably, the interaction effect of

time, bacteria type, maternal diet, and pregnancy type was

significant (p < 0.001). A greater proportion of E. coli (p <

0.001), followed by E. faecalis (p = 0.019), was found compared

to other bacteria. At time 3 (60 days postpartum), E. coli levels

were higher in single lamb–bearing ewes fed naturalized pasture,

whereas 30 days postpartum (at time 2), E. faecalis levels were

higher in twin-bearing ewes fed naturalized pasture. At time 3 (60

days postpartum), E. coli and E. faecalis levels were higher in

single lamb–bearing and twin-bearing ewes fed red clover. The

Bonferroni test showed no significant time differences (p = 0.43).

Figure 3 shows the fecal pathogenic bacteria observed in lamb

wool samples. Time (p < 0.0001), bacteria type (p < 0.0001), and

maternal diet (p = 0.008) exhibited significant effects, whereas

pregnancy type was nonsignificant (p = 0.58). Additionally, the

interaction effect of time, bacteria type, maternal diet, and

pregnancy type was nonsignificant (p = 0.59). The Bonferroni test

indicated that time 3 (60 days postpartum) differed significantly

from times 0, 1, and 2 (p < 0.0001). Across treatments, the offspring

showed stable relative abundance of bacterial DNA from birth (time

1) to 30 days postpartum (time 2), with a decrease at 60 days

postpartum (time 3) (p = 0.04). Higher proportions of E. coli and E.

faecalis were observed compared to other bacteria (p < 0.001).

Regardless of the maternal diet, E. faecalis was found at higher

levels in single lamb–bearing ewes 10 days prepartum (at time 0)
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compared with the other treatments. Additionally, irrespective of

time, E. faecalis levels were higher in twin-bearing ewes fed red

clover. However, at time 3 (60 days postpartum), E. coli abundance

was higher in twin-bearing ewes fed naturalized pasture.

Figure 4 shows fecal pathogenic bacteria in sheep feces and wool

samples. Across treatments, ewes exhibited higher bacterial

abundance in wool than in fecal samples (p < 0.001). Bacteria

type (p < 0.001) and pregnancy type (p < 0.001) showed statistically

significant effects, whereas time (p = 0.36) and maternal diet (p =

0.96) were nonsignificant. Additionally, the interaction effect of

time, bacteria type, and maternal diet, and pregnancy type was

significant (p = 0.003). The Bonferroni test revealed no significant

time differences (p = 1.00).

Figure 5 presents fecal pathogenic bacteria in wool from ewes

and their lambs. The lambs showed higher abundance of bacterial

DNA in wool compared with the ewes (p < 0.001). Time (p <

0.0001) and bacteria type (p < 0.0001) exhibited significant effects,

whereas maternal diet (p = 0.13) and pregnancy type (p = 0.31) were

nonsignificant. Similarly, the interaction effect of time, bacteria

type, maternal diet, and pregnancy type was nonsignificant (p =

0.4). The Bonferroni test showed that time 3 (60 days postpartum)

differed from times 0, 1, and 2 (p < 0.05). Higher proportions of E.

coli and E. faecalis (p = 0.00036) were observed compared with all

other bacteria (p < 0.001).
4 Discussion

In the present study, the effects of maternal diet and pregnancy

type on the relative abundance of the bacterial phyla Firmicutes and

Proteobacteria in feces and wool were determined through a clinical
FIGURE 3

Fecal pathogenic bacteria in lambs’ wool. The scatter lines (vertical points pointing upwards) represent the abundance of the different fecal
pathogenic bacteria detected in the offspring wool, regarding to the type of pregnancy, diet and time. The colors indicate the genus and species of
each microorganism identified (indicated in the legend on the right side of the figure).
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trial. The presence of zoonotic bacteria, with more prevalence of E.

faecalis and E. coli was established in both feces and wool across the

evaluated groups, emphasizing its relevance to animal and

public health.
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It is known that bacterial levels can vary with diet (Choleińska

et al., 2021). In the current study, although diet was not a significant

factor, E. faecalis (Firmicutes) was more prevalent in fecal samples

from ewes. Forage-based diets tend to increase microbial diversity
FIGURE 5

Fecal pathogenic bacteria in the wool of ewes and lambs. The scatter lines (vertical points pointing upwards) represent the abundance of the
different fecal pathogenic bacteria detected in mother and offspring wool regarding to the type of pregnancy, diet and time. The colors indicate the
genus and species of each microorganism identified (indicated in the legend on the right side of the figure).
FIGURE 4

Pathogenic bacteria in the feces and wool of ewes. The scatter lines (vertical points pointing upwards) represent the abundance of the different fecal
pathogenic bacteria detected in mother feces and wool regarding to the type of pregnancy, diet and time. The colors indicate the genus and species
of each microorganism identified (indicated in the legend on the right side of the figure).
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in sheep, favoring Firmicutes, whereas concentrate-based diets tend

to raise levels of Bacteroidetes and Actinobacteria (Marie-Etancelin

et al., 2021). Cui et al. (2023) examined the adaptive flexibility of

Tibetan sheep rumen microbiomes to diets of native pasture and oat

hay finding higher microbial diversity in sheep fed natural pasture,

although oat hay seemed to enhance beneficial bacteria abundance,

potentially supporting host health and metabolic resilience in cold

environments. In the present study, because sheep grazed with

lupine grain supplementation (according to their requirements),

bacterial growth in the large intestine remained consistent.

Across all treatments, ewe wool samples exhibited significantly

higher relative abundance of bacterial DNA and greater bacterial

diversity compared with fecal samples. In feces, E. faecalis was

significantly more prevalent compared with other bacteria,

especially in twin-bearing ewes fed naturalized pasture at 10 days

prepartum. In contrast, wool samples had higher E. coli and E.

faecalis levels, with greater relative abundance for these two species

at 60 days postpartum in ewes fed red clover. This increase in E. coli

DNA load by day 60 postpartum likely stems from environmental

exposure associated with sheep behavior. A survey by Gallardo et al.

(2019) in a free-grazing flock feeding on naturalized pasture in

southern Chile revealed higher abundance of E. coli O157 and

Salmonella typhimurium in lamb and kid feces compared with wool.

Their study also showed that bacterial species influenced 16S

abundance in feces and wool, and lamb and kid sex affected E.

coli detection in feces, demonstrating the zoonotic potential of these

bacteria in grazing animals.

Feed efficiency may also influence microbial community

dynamics. Freetly and Lindholm-Perry (2023) noted that bacterial

community structure at the clade level may vary with feed efficiency.

McLoughlin et al. (2020) found that sheep feed efficiency was likely

influenced by changes in specific archaeal populations and certain

bacterial species, rather than general rumen microbiome changes.

This could explain why, despite the nutritional differences between

forage-based diets (naturalized pasture and red clover), treatment

groups showed no significant differences in the current study.

Stress can alter digestive microbiota composition, as suggested

by Szeligowska et al. (2022), who found that cortisol and

glutathione-S-transferase levels in sheep may signal stress,

potentially leading to shifts in digestive microbiota composition

(Ezemonye and Ikpesu, 2011; Gate et al., 2004). Prolonged stress

may increase gut colonization by pathogenic bacteria. Bailey et al.

(2011) observed that stress reduced the number of intestinal

bacteria from the Lactobacillaceae family in mice, highlighting the

sensitivity of gut microbiota to physiological stress.

Physiological stage is another factor influencing the large

intestine microbial community (Cholewińska et al., 2023). It is well

known that different physiological stages affect the digestive

microbiota. For sheep, these stages are generally divided into

conception, early pregnancy, parturition, and end of lactation

(Szeligowska et al., 2022). In ruminants, maintaining annual

pregnancy cycles is crucial for meat and milk production, resulting

in major microbial changes, likely affected by fluctuations in sex

hormones (Menon et al., 2013). Cholewińska et al. (2023) reported

that early pregnancy and lambing are the most microbiologically
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diverse periods, with notable variation in bacterial clusters and

families. Koren et al. (2012) observed that pregnant female mice

experienced microbial shifts, including reduced insulin sensitivity,

likely in preparation for energy storage for raising offspring, and

reported a decrease in Firmicutes and Actinobacteria proportions

between the first and third trimesters. However, in the present study,

the ewes were in late pregnancy, and wool samples from ewes and

lambs showed higher relative abundance of E. coli and E. faecalis

DNA load compared with other bacteria. This suggests that

environmental contamination, rather than direct intestinal

transmission, may explain the elevated E. coli levels, as the females’

fecal samples did not show E. coli dominance. Therefore, the

maintenance and hygiene of the environment where the animals

are housed are relevant to reduce the pathogenic bacterial load to

which they are exposed.

As metabolic demands change in late pregnancy, nutritional

imbalances can occur despite constant feed access, possibly due to

increased uterine volume leading to reduced food intake and partial

malnutrition. During these periods, quantitative and qualitative

changes in the microbial community may develop (Szeligowska

et al., 2022; Xue et al., 2020). Markle et al. (2013) found that

manipulating the female microbiome by increasing testosterone

levels raised Firmicutes and Bacteroidetes abundance compared

with the control group, with Firmicutes increasing notably at the

Clostridia genus level.

Stress during pregnancy can also impact fetal development and

microbiome composition negatively (Castellazzi et al., 2018;

Mackos et al., 2016). In ewes, parturition itself is a known

stressor (Szeligowska et al., 2022). Given that the microbial

community serves as an immune buffer, protecting against

pathogenic bacterial growth (notably Clostridiaceae), stress could

disrupt this balance, causing dysbiosis (Salcedo et al., 2016;

Szeligowska et al., 2022). Tanca et al. (2017) noted that

Clostridiaceae was among the most abundant families in

Firmicutes in sheep, consistent with studies in cattle (Durso et al.,

2010, 2011; Kim et al., 2014; Shanks et al., 2011). In the present

study, parturition did not lead to increased levels of C. perfringens

type C (Firmicutes), which may be attributed to concentrate

supplementation provided during late pregnancy.

Cortisol levels in sheep are also affected by factors such as

lactation, abortion, inadequate nutrition, miscarriage, and

pregnancy toxemia (Davis et al., 2011; Edelmann et al., 2016;

Ramin et al., 2007). Szeligowska et al. (2022) found that cortisol

levels were higher in primiparous ewes than in multiparous ewes,

suggesting that experienced mothers have lower stress hormone

levels, which may contribute to better microbiome stability.

Multiparous ewes also exhibited higher levels of certain bacterial

groups, excluding Proteobacteria, compared with primiparous ewes.

Given that all the ewes in the present study were multiparous, their

experience with previous births may explain the stability in their

microbiome composition.

Sheep breed can also influence dysbiosis levels. Selective

breeding has developed local breeds and lines with greater

resistance to environmental conditions (Cheng et al., 2022;

Cholewińska et al., 2020a, 2021). There is evidence that microbial
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composition in the gastrointestinal tract varies between breeds of

sheep and cattle (Douglas et al., 2016; Xin et al., 2019), likely due to

differences in diet and management practices, which in turn affect

the animal’s adaptation and its microbial community’s alignment

with environmental conditions (Deng et al., 2017; Fonty et al., 1987;

Malmuthuge and Guan, 2017; Rey et al., 2014). For example,

Cholewińska et al. (2020b) reported a significant effect of breed

on microbial community composition; however, this was not a

factor in the present study, which included only one sheep breed.

Regarding sheep production, Yang et al. (2024a) developed a

fecal scoring standard for fattening Hu sheep, finding that optimal

production outcomes were associated with fecal scores of grade 3

and 4, and that these scores were closely linked to microbial

composition, growth performance, and immunity. Future studies

should consider measuring relative abundance of fecal bacterial

DNA beyond the weaning stage into the lamb-fattening stage. In the

current study, the lamb’s wool showed elevated E. coli and E. faecalis

abundance from birth to 30 days postpartum, which declined by

day 60 postpartum (weaning age), whereas ewe’s wool showed

increased E. coli and E. faecalisDNA content at 60 days postpartum,

especially among ewes fed red clover. This suggests that E. coli

contamination in ewe’s wool arises mainly from environmental

sources around weaning, possibly influenced by the maternal red

clover diet.

Small ruminants are known reservoirs for various gastrointestinal

pathogens (Brown et al., 2004; Cox et al., 2005; Hancock et al., 2001)

and can transmit bacteria to humans (Battisti et al., 2006; Blanco

et al., 2003; Hanlon et al., 2018), with children being especially

susceptible (Delgado et al., 2013). In the present study, lamb’s wool

showed higher E. coli and E. faecalis levels compared to ewe’s wool,

likely due to typical lamb behavior and age-related susceptibility.

Previous research has shown that E. coli O157:H7 is present in

Namibian sheep feces and wool (Madzingira, 2016), and multidrug-

resistant strains of E. faecalis have been isolated from sheep dairy

products in Poland (Gołás-Pradzynska et al., 2022). Kudva et al.

(1997) demonstrated that sheep transiently shed a variety of strains,

including E. coli O157:H7 with risk for transmission to humans. The

acquisition of resistance genes through horizontal gene transfer,

facilitated by mobile genetic elements such as plasmids and

transposons is described for this pathogen (Nasrollahian et al.,

2024). On the other hand, Shiga toxin-producing E. coli (STEC)

represent a major issue because of the capability to cause large

outbreaks and the severity of the associated illnesses; their

epidemiology is related with human medicine, veterinary medicine,

food safety, water, and environmental microbiology, requiring a “One

Health” approach for research (Caprioli et al., 2014). Further studies

are needed to determine the strains related to E. coli prevalent in

small ruminants.

E. fecalis resides in the gastrointestinal tract of most animals,

including humans and generally is non-pathogenic in healthy hosts,

however, in the pathogenic form, it can induce life-threatening

opportunistic infections whose treatments are complicated by a

high degree of antimicrobial resistance (Willett and Dunny, 2024).

Globally, the prevalence of drug resistant E. faecalis strains increase

over time (Guan et al., 2024). The bacteria can cause complicated
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infections, especially in immunocompromised people by underlying

conditions and their treatment or age; it is also mentioned as a

nosocomial pathogen is related with the consumption of

contaminated dairy products, being a public health concern (Daca

and Jarzembowski, 2024).

From a public health perspective, the present findings are

important and call for increased awareness of zoonotic disease

risks associated with handling and consuming animal products

contaminated by pathogenic bacteria, including wool (Mersha et al.,

2010). Our study suggests that the risk of contamination from

lamb’s wool, particularly with E. coli and E. faecalis, is highest from

birth until weaning (day 60 postpartum), whereas the

contamination risk from ewe’s wool increases around day 60

postpartum. Notably, E. coli O157:H7 can cause severe illness,

including diarrhea, hemorrhagic colitis, and hemolytic uremic

syndrome, with a low infectious dose of just 10–100 cells

(Schmid-Hempel et al., 2007; Wang et al., 2024). Survivors may

face chronic renal complications (Beauvais et al., 2018). Hemolytic

uremic syndrome is associated with high mortality and multisystem

morbidity, highlighting the need for renal monitoring and attention

to extra-renal effects (Rahal et al., 2012). Additionally, E. faecalis can

lead to various infections, including endocarditis, urinary tract

infections, and meningitis (Yang et al., 2024b). Moreover, E.

faecalis can form biofilms in endodontic infections, which have

physicochemical properties that vary in response to environmental

and nutritional conditions, impacting antimicrobial treatment

options (Jhajharia et al., 2015).

The results of this study emphasize the relevance of incorporating

biosecurity measures in animal management in case of direct contact

with wool, also considering that other zoonotic agents could

potentially be transmitted. For example, sheep shearing has been

described to play a significant role in inducing periodic outbreaks of

human brucellosis in countries such as Mongolia (Ma et al., 2022)

and the detection of Coxiella burnetii in the air of an enclosed sheep

barn during shearing in Germany has been reported (Schulz et al.,

2005). Future research could consider the detection of other

pathogens of public health concern. Some biosecurity measures

that must be considering in shearing are the following: i) properly

clean, and disinfect all equipment and clothing when working

between different flocks, ii) using a clean, newly-sharpened comb

and cutter when start shearing a new flock, iii) know the health status

of the animals to be shearing to ensure that biosecurity practices are

adequate, iv) properly clean clothes, gloves, hands and shoes used

while shearing, v) dispose properly any excess wool before starting

the next shearing, and, vii) maintain records to identify the potential

origin or spread of a disease in flocks sheared (Smith, 2018).

One of the limitations of the study is that it only includes one

breed of sheep and extended until the animals were weaned. It

would have been very enriching if the study had included other

sheep breeds and had been projected until the end of lamb fattening

or until the moment of shearing. Despite this, the objectives of the

study were met, but it is recommended to continue with the

research line, due to its relevance to animal health, as well as to

public health and the study of pathogens with zoonotic potential

associated with domestic production animals.
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5 Conclusion

This study showed that fecal samples from ewes had lower

bacterial loads compared with wool samples, and that lamb’s wool

had higher bacterial loads relative to ewe’s wool. The most prevalent

bacteria were E. faecalis from Firmicutes and E. coli from

Proteobacteria, indicating that wool contamination likely results

from environmental exposure associated with sheep behavior.

Handling lambs between birth and weaning, and handling ewes

from weaning around day 60 postpartum, poses a risk of zoonotic

bacterial pathogen transmission, highlighting a potential public

health concern regarding exposure to large intestinal pathogens.
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Cholewińska, P., Czyz, K., Nowakowski, P., and Wyrostek, A. (2020a). The
microbiome of the digestive system of ruminants-a review. Anim. Health Res. Rev.
21, 3–14. doi: 10.1017/S1466252319000069
frontiersin.org

https://doi.org/10.5061/dryad.s4mw6m9jd
https://doi.org/10.5061/dryad.s4mw6m9jd
https://doi.org/10.1016/j.bbi.2010.10.023
https://doi.org/10.1128/JB.02184-14
https://doi.org/10.1017/S0950268805005236
https://doi.org/10.1371/journal.pone.0192149
https://doi.org/10.1177/153537020322800403
https://doi.org/10.1128/AEM.70.11.6501-6511.2004
https://doi.org/10.1128/9781555818791.ch13
https://doi.org/10.1128/9781555818791.ch13
https://doi.org/10.1097/MCG.0000000000001056
https://doi.org/10.1186/s12917-020-02477-2
https://doi.org/10.1093/jas/skac261
https://doi.org/10.1017/S1466252319000069
https://doi.org/10.3389/fanim.2025.1583281
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Gallardo Paffetti et al. 10.3389/fanim.2025.1583281
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