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ABSTRACT

Clinical endometritis (CE) and subclinical endome-
tritis (SCE) are diseases that affect dairy cows dur-
ing the puerperium, causing negative effects on the 
animals’ milk production and fertility. The objective 
of this study was to assess the main bacteria related 
to cases of CE and SCE from uterine samples of dairy 
cows in Brazilian herds. Selective and differential me-
dia were used for isolation of aerobic and anaerobic 
bacteria and further MALDI-TOF mass spectrometry 
(MS) identification. A total of 279 lactating dairy cows 
with 28 to 33 d in milk from 6 commercial farms were 
evaluated. Initially, cows were classified in 3 groups: 
cytologic healthy cows (n = 161), cows with CE (n 
= 83), and cows with SCE (n = 35). Healthy animals 
presented 97 species, followed by the CE group with 
53 identified species, and SCE cows presented only 21 
bacterial species. We found a significantly higher isola-
tion rate of Trueperella pyogenes in CE (26.5%) cows 
compared with healthy and SCE cows. Some anaerobic 
species were exclusively isolated from the CE group, 
even though they presented lower frequency. Interest-
ingly, 18.1% of samples from CE cows and 40% of SCE 
cows were negative to bacterial isolation. Despite the 
use of culture-dependent methods instead of molecular 
methods, the present study enabled the identification 
of a complex community of 127 different species from 
48 genera, composed of aerobic and anaerobic bacte-
rial species among the 3 different animal groups. The 
method of sample collection, culture, and identification 

by MALDI-TOF MS were essential for the success of 
the analyses.
Key words: clinical endometritis, subclinical 
endometritis, uterine microbiota, dairy cow, matrix-
assisted laser desorption/ionization time-of-flight mass 
spectrometry

INTRODUCTION

Endometritis is one of the most important causes 
of infertility in dairy herds. Its effects on dairy farms 
include the costs related to the treatment of the af-
fected animals, milk discard, culling, decrease in milk 
production, and worsened fertility of the affected cows 
(Gilbert et al., 2005; LeBlanc, 2008; Paiano et al., 2019, 
2020a,b).

Endometritis is the inflammation of the endome-
trium, the innermost lining of the uterus, being sub-
divided into clinical endometritis (CE) and subclinical 
endometritis (SCE; Sheldon et al., 2006). Clinical 
endometritis is defined as the presence of purulent or 
mucopurulent vaginal discharge detected 3 wk or more 
postpartum (LeBlanc et al., 2002). Subclinical endo-
metritis is characterized by an increased proportion of 
PMN in the endometrium in the absence of clinical 
disease (Gilbert et al., 2005).

Previous studies have reported that the main bacte-
rial species associated with endometritis in dairy cows 
are Trueperella pyogenes, Escherichia coli, and Fusobac-
terium necrophorum (Williams et al., 2005; Sheldon et 
al., 2010; Machado et al., 2012; Bicalho et al., 2017a; 
Bogado Pascottini et al., 2021). Currently, the main 
techniques described for the identification of uterine 
microorganisms involve culture-dependent methods 
or metagenomic analysis. When the studies involve 
culture and identification of isolated bacteria, this can 
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be conducted using traditional biochemical methods 
or more modern techniques such as MALDI-TOF MS 
(Ballas et al., 2021), sequencing of 16S rRNA gene 
(Bogado Pascottini et al., 2020), or Fourier-transform 
infrared (Prunner et al., 2014; Wagener et al., 2014). 
Metagenomic analyses are conducted via 16S rRNA 
gene profiling by high-throughput sequencing (Bicalho 
et al., 2017b; Wang et al., 2018).

Considering these points, the objective of this study 
was to identify the main bacteria present in cases of 
CE and SCE from uterine samples of dairy cows in 
Brazilian herds.

MATERIALS AND METHODS

Study Farms

The study was conducted between May and November 
2019 on 6 commercial dairy farms in São Paulo State, 
Brazil. Lactating Holstein dairy cows were housed in 
freestall barns. Cows were fed twice daily with a TMR 
diet consisting of corn silage with cornmeal, soybean 
meal, and mineral supplements, formulated according 
to NRC (2001) to meet the nutritional requirements 
for lactating Holstein cows. Cows were milked twice 
daily. The voluntary waiting period was set at 40 to 45 
d postpartum. This study was approved by the Ethics 
Committee for the Use of Animals of the School of 
Veterinary Medicine and Animal Science, University of 
São Paulo, São Paulo, Brazil, approval no. 1377270218.

Sampling and Case Classification

A total of 279 cows were examined. This was a con-
venience sample, of which the evaluated animals were 
originally sampled for the assessment of healthy and 
diseased individuals based on previously reported en-
dometritis incidence of 23.8% and 95% confidence level 
with 5% precision (Thrusfield, 2005). Only cows that 
were not treated with antibiotics drugs or nonsteroidal 
or steroidal anti-inflammatory drugs after parturi-
tion were included in this study. In addition, the cows 
sampled in the present study showed no clinical signs of 
clinical mastitis, milk fever, or ketosis.

Endometrial cytobrush samples were collected be-
tween 28 and 33 d after parturition. Briefly, the perineal 
area of the cow was cleansed with 70% ethylic alcohol 
and dried using a paper towel. A sterile cytobrush 
rod (covered with a sterile sanitary sheath) was intro-
duced into the vagina and guided through the cervix 
per rectum, as described by Bogado Pascottini et al. 
(2020); control swabs were not collected. After removal 
from the genital tract, the cytobrush was gently rolled 

onto a sterilized microscope slide. The first 5 cm of 
the cytobrush was then cut with sterile scissors, placed 
in a sterile 15-mL plastic conical tube with anaerobic 
transport medium, and kept at 4°C until arrival at the 
laboratory for bacteriological examination.

After each cytobrush sampling, vaginal discharge 
was evaluated using a Metricheck device (Simcro 
Tech) and scored as 0 = clear mucus, 1 = mucus with 
flecks of pus, 2 = mucopurulent discharge (≤50% pus), 
and 3 = purulent discharge (>50% pus). Cytology 
slides were stained using the panoptic rapid staining 
method (Laborclin, Pinhais, Brazil). Evaluations were 
performed under a microscope at 400× magnification 
(Nikon E200). A total of 200 cells were counted in the 
cytological slide to determine the proportion of PMN 
(Bogado Pascottini et al., 2020).

Animals were classified into 3 groups based on uter-
ine health considering vaginal discharge and cytological 
analysis: healthy cows (without CE and without SCE, 
n = 161), cows with CE (vaginal discharge score = 3 
and >18% PMN, n = 83), and cows with SCE (vaginal 
discharge 0, 1, or 2, and >18% PMN, n = 35; Kasiman-
ickam et al., 2004). Four cows with vaginal discharge 
score = 3 and PMN <18 that were considered to have 
cervicitis were not included in the study.

Bacterial Isolation

Immediately after sampling, the cytobrushes were 
transferred to 6 mL of anaerobic transport medium. At 
the laboratory, the cytobrushes were washed in 2 mL 
of Brucella broth (Difco-BBL). Then, 10 µL of broth 
was streaked onto Brucella agar (Difco-BBL) with 7% 
whole defibrinated horse blood, supplemented with 
hemin (5 mg/L) and menadione (1 mg/L), and plates 
were incubated at 37°C for 48 h under anaerobic condi-
tions. An aliquot of 10 µL of broth was also streaked 
onto MacConkey agar, CHROMagar Orientation, and 
blood agar with 5% defibrinated sheep blood (Difco-
BBL). These plates were incubated at 37°C for 24 to 
48 h under aerobic conditions. All morphologically 
different colonies were identified by MALDI-TOF MS 
and stored at −86°C in brain-heart infusion medium 
(Difco) with 30% glycerol, supplemented with fetal calf 
serum (5%).

Identification of the bacteria by MALDI-TOF MS 
was carried out as described previously by Hijazin et al. 
(2012). Mass spectra were acquired using a Microflex 
mass spectrometer (Bruker Daltonik) and identified 
with the manufacturer’s software MALDI BioTyper 
3.0. The requirements for interpreting the standards 
of the manufacturer Bruker Daltonik were used in this 
study as follows: scores ≥2.0 were accepted for species 
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assignment, and scores ≥1.7 and ≤2.0 were used for 
genus identification.

Statistical Analysis

A chi-squared test was deployed to compare the 
percentage frequencies of bacteriological findings in 
healthy, CE, and SCE groups. In cases where the ex-
pected value was ≤5, Fisher’s exact test was used. The 
Venn diagram was constructed using an online tool 
http:​/​/​bioinformatics​.psb​.ugent​.be/​webtools/​Venn/​ 
(Bioinformatics and Evolutionary Genomics Group, 
Ghent University).

RESULTS

The frequency of samples without bacterial isola-
tion was 40% (14/35) in SCE and 35.4% (57/161) in 
healthy animals and greater than 18.1% (15/83) in 
the CE group (P = 0.009). A total of 127 bacterial 
species of 48 genera were identified in the 3 groups of 
animals (Table 1). Healthy animals presented numeri-

cally greater richness (97 identified species) followed by 
the CE group (53 identified species), whereas only 21 
bacterial species were identified among the SCE group. 
However, most of the species from the SCE group are 
shared between healthy animals and those with CE 
(Figure 1). Also, the bacterial species common to all 
3 groups include the most prevalent microorganisms 
among studied animals, such as E. coli, Aerococcus 
viridans, and Bacillus cereus (Supplemental Table S1; 
Paiano et al., 2021). Interestingly, T. pyogenes was the 
most frequent pathogen among the CE group (32.4%, 
22/68), differing (P < 0.001) from the SCE and healthy 
groups, respectively.

Considering the healthy animals, isolates from the 
Staphylococcus genus were most frequently detected 
(18.6%, 30/161), followed by isolates belonging to the 
genera Escherichia (14.9%, 24/161), Bacillus (12.4%, 
20/161), Enterococcus (11.1%, 18/161), and Aerococ-
cus (10.6%, 17/161). For CE cows, the Trueperella 
genus was the most frequent (26.5%, 22/83), followed 
by isolates belonging to the genera Escherichia (19.3%, 
16/83), Staphylococcus (16.9%, 14/83), Bacillus (14.4%, 
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Table 1. Bacterial population isolated from dairy cows with clinical (CE) and subclinical (SCE) endometritis; 
percentages shown in parentheses

Bacteria CE (n = 83) SCE (n = 35) Healthy (n = 161)

Trueperella pyogenes 22 (26.51)a 0 (0.0)b 1 (0.6)b

Escherichia coli 16 (19.3) 2 (5.7) 24 (14.9)
Bacillus spp. 14 (16.9) 8 (20.0) 21 (13.0)
CNS 14 (16.9) 2 (5.7) 32 (19.9)
Aerococcus viridans 11 (13.3) 5 (14.2) 16 (9.9)
Pseudomonas spp. 7 (8.4) 4 (10.0) 8 (5.0)
Enterococcus spp. 6 (7.2) 0 (0.0) 19 (11.8)
Helcococcus spp. 5 (6.0) 0 (0.0) 0 (0.0)
α-Hemolytic streptococci 5 (6.0) 3 (7.5) 9 (5.6)
Paenibacillus spp. 4 (4.8) 3 (7.5) 11 (6.8)
Prevotella heparinolytica 4 (4.8) 0 (0.0) 0 (0.0)
Bacteroides pyogenes 3 (3.6) 0 (0.0) 0 (0.0)
Klebsiella spp. 3 (3.6) 0 (0.0) 4 (2.5)
Lysinibacillus spp. 3 (3.6) 0 (0.0) 3 (1.9)
Porphyromonas levii 3 (3.6) 0 (0.0) 0 (0.0)
Bifidobacterium pseudolongom 2 (2.4) 0 (0.0) 3 (1.9)
Candida spp. 2 (2.4) 0 (0.0) 0 (0.0)
Clostridium spp. 2 (2.4) 1 (2.8) 3 (1.9)
Corynebacterium spp. 2 (2.4) 1 (2.8) 10 (6.2)
Delftia spp. 2 (2.4) 0 (0.0) 1 (0.6)
Enterobacter spp. 2 (2.4) 0 (0.0) 7 (4.3)
Fusobacterium necrophorum 2 (2.4) 0 (0.0) 0 (0.0)
Micrococcus luteus 2 (2.4) 1 (2.8) 3 (1.9)
Stenotrophomonas maltophilia 2 (2.4) 1 (2.8) 11 (6.8)
Acinetobacter spp. 1 (1.2) 1 (2.8) 1 (0.6)
Actinomyces spp. 1 (1.2) 0 (0.0) 1 (0.6)
Dermabacter hominis 1 (1.2) 0 (0.0) 0 (0.0)
Histophilus somni 1 (1.2) 0 (0.0) 0 (0.0)
Lactobacillus agilis 1 (1.2) 0 (0.0) 0 (0.0)
Rothia amarae 1 (1.2) 0 (0.0) 0 (0.0)
Siccibacter turicensis 1 (1.2) 0 (0.0) 1 (0.6)
No isolation 15 (18.1)b 14 (40.0)a 57 (35.4)a

a,bValues within a row with different superscript letters differ at P < 0.05. 

http://bioinformatics.psb.ugent.be/webtools/Venn/


3370

Journal of Dairy Science Vol. 105 No. 4, 2022

Paiano et al.: ENDOMETRITIS IN DAIRY COWS

Figure 1. Venn diagram illustrating the common and exclusive bacterial species isolated from the uterine samples collected of the 3 groups 
[healthy, clinical endometritis (CE), and subclinical endometritis (SCE)].
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Figure 2. Frequency of different genera isolated from (A) healthy animals, (B) cows with clinical endometritis, and (C) cows with subclini-
cal endometritis.
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12/83), Aerococcus (13.3%, 11/83), and Pseudomonas 
(8.4%, 7/83), respectively. Finally, concerning cows 
with SCE, isolates of the Bacillus genus were detected 
most frequently (22.9%, 8/35), followed by the genera 
Aerococcus (14.3%, 5/35), Pseudomonas (11.4%, 4/35), 
Streptococcus (8.6%, 3/35), and Paenibacillus (8.6%, 
3/35), respectively (Figure 2).

The most frequent species belonging to the predomi-
nant genera for healthy, CE, and SCE cows are present-
ed in Figure 3. This highlights the greater richness of 
the Enterococcus, Staphylococcus, and Bacillus genera. 
For the healthy cows, the genus Enterococcus repre-
sented the most varied group, including 11 different 
species, with Enterococcus faecium (5/18, 27.8%) being 
the most prevalent. Next, the Staphylococcus and Bacil-
lus genera were composed of 10 and 8 different species, 
respectively, with a predominance of Staphylococcus 
xylosus (11/30, 36.7%) and B. cereus (7/20, 35.0%). 
Regarding cows with CE, the genus Staphylococcus 
represented the most heterogeneous group, including 5 
different species. Meanwhile, in the SCE group, the ge-

nus Bacillus was the most diverse, including 4 different 
species with a predominance of B. cereus (5/8, 62.5%). 
Interestingly, for the Aerococcus genus, only A. viridans 
was identified and presented a high frequency among 
all studied groups (Supplemental Table S1; Paiano et 
al., 2021).

We observed a significantly higher isolation rate (P 
= 0.00024) of T. pyogenes in the CE group (26.5%, 
22/83) compared with healthy (0.6%, 1/161) and SCE 
cows (0.0%, 0/35). For other genera or species, no 
significant differences were found in the percentages 
between healthy, CE, and SCE groups. Other species, 
such as Prevotella heparinolytica, Porphyromonas levii, 
Fusobacterium necrophorum, Bacteroides pyogenes, and 
Helcococcus spp. were exclusively isolated in the CE 
group, although they presented lower frequencies. In-
terestingly, these bacteria were isolated in association 
with T. pyogenes. Of the total samples with T. pyogenes 
isolation (n = 22), in 4 samples we observed this agent 
as a monoculture, 6 samples presented an association 
with E. coli, and in 12 samples the agent was associated 
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Figure 3. Most frequently isolated genera that were shown on the species level. Stacked bars represent the relative frequency of pathogens 
isolated from (A) healthy cows, (B) cows with clinical endometritis, and (C) cows with subclinical endometritis. The numbers within the stacked 
bars indicate the absolute number of isolates of each species.
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with different bacterial species (Supplemental Table S2; 
Paiano et al., 2021).

The number of bacterial species isolated according 
to the health status of animals is presented in Figure 
4 and Supplemental Table S1 (Paiano et al., 2021), 
and the respective isolation profiles are described in 
Supplemental Tables S2 and S3 (Paiano et al., 2021). 
We found a predominance of monocultures for the 
healthy and SCE groups (42.3% and 61.9%, respec-
tively), whereas the cows with CE presented a high 
frequency of infections caused by 2 distinct bacterial 
species (39.7%) and monocultures (36.8%), respectively. 
Among the detected monocultures, A. viridans and B. 
cereus predominated among the 3 groups, and E. coli 
and Staph. xylosus were shared between the healthy 
and CE groups; however, T. pyogenes and Stenotroph-
omonas maltophilia and Streptococcus pluranimalium 
were exclusively detected in the CE and healthy cows, 
respectively (Supplemental Tables S2 and S3; Paiano et 
al., 2021). High heterogeneity of isolation profiles was 
observed for the healthy cows.

DISCUSSION

There is a growing interest in the microbiota of the 
reproductive tract of dairy cows. Studies in this field 
are fundamental for knowledge of the most frequent 
pathogens that can cause uterine diseases and affect 

the fertility of dairy cows. More studies will also con-
tribute to new therapies focused exclusively on the 
main microorganisms associated with uterine diseases.

Previously, the uterus was believed to be sterile dur-
ing pregnancy and contaminated with nonspecific bac-
teria after parturition. However, evidence from different 
studies now suggests that the uterus is not sterile, but 
specific microorganisms are adapted to the endome-
trium and can also influence the uterine cells present 
in the microenvironment. Modern culture-independent 
molecular methods focused on sequencing have also 
widened our present understanding of the microbiome 
of the uterus in cattle with metritis, pyometra, and en-
dometritis (Appiah et al., 2020). Furthermore, the high 
percentage of healthy animals bacteriologically positive 
in our study supports the hypothesis that the healthy 
uterus is not sterile.

Our findings reveal a diverse community of 127 dif-
ferent species representing 48 genera. Among them, the 
most prevalent genera were Escherichia, Staphylococcus, 
Bacillus, and Aerococcus, and the most prevalent species 
were E. coli and A. viridans. The results of the present 
study are corroborated by Wagener et al. (2015), who 
reported a diverse uterine microbiota consisting of 202 
different species and 76 genera, and Ballas et al. (2021), 
who identified 116 different species and 49 genera. Bal-
las et al. (2021) identified a high prevalence of bacteria 
of the Bacillus and Staphylococcus genera in cows with 
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Figure 4. Frequency of bacterial species isolated according to groups of evaluated cows. Stacked bars represent the relative frequency of 
samples with 0 to 6 different bacterial species isolated in cows with clinical endometritis (CE), cows with subclinical endometritis (SCE), and 
healthy cows.
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and without endometritis at the time of AI in 120 dairy 
cows from Slovakia. However, the same authors identi-
fied a low prevalence of Trueperella and Escherichia 
in uterine isolates. In Austria, Wagener et al. (2015) 
reported Staphylococcus, Trueperella, and Escherichia 
as the most prevalent genera in cows with and with-
out endometritis during the puerperium period in 122 
evaluated cows.

Our study showed that the most frequent bacteria 
isolated from CE cows were T. pyogenes. These find-
ings agree with previous studies conducted in Europe 
(Werner et al., 2012; Wagener et al., 2014). Using 
culture-independent methods, Bogado Pascottini et 
al. (2020) observed that cows with CE had microbiota 
characterized by a greater relative abundance of Fuso-
bacterium and Trueperella and a lower relative abun-
dance of Escherichia, Shigella, Lactobacillus, Prevotella, 
Schlegelella, Staphylococcus, and Streptococcus than 
healthy and SCE cows.

Among SCE cows, no T. pyogenes was isolated, cor-
roborating the findings of Madoz et al. (2013), who did 
not identify T. pyogenes in uterine samples from cows 
diagnosed with SCE in Argentina. Moreover, Sens and 
Heuwieser (2013) highlighted that T. pyogenes does not 
seem to be the main key for cows to develop subclinical 
endometritis. Our observations corroborate previous 
studies (Wang et al., 2018), supporting that uterine 
infections with the main pathogens play a minor role in 
cows with SCE compared with CE cows. The uterine 
defense mechanism that occurs while the inflammatory 
response is still in progress can remove the intrauter-
ine bacteria, restoring the normal uterine environment 
(Appiah et al., 2020). The establishment of uterine 
infections depends on the immune status of the animal 
and the pathogenicity of the invading microorganisms 
(Wang et al., 2018). Several factors can influence the 
pathogenicity of the microorganisms, including the bac-
terial load and virulence, and the interactions between 
species (Dadarwal et al., 2017).

Our findings also revealed that Prevotella heparino-
lytica, Porphyromonas levii, Fusobacterium necropho-
rum, Bacteroides pyogenes, and Helcococcus spp. were 
identified only in CE cows. In dairy herds in Canada, 
Bogado Pascottini et al. (2020) identified, at the genus 
level, that cows with CE had a higher prevalence of 
Helcococcus, Fusobacterium, Trueperella, and Porphy-
romonas than healthy cows, and Fusobacterium and 
Trueperella compared with SCE cows. In a commercial 
dairy farm in China, Wang et al. (2018) highlighted 
a positive correlation between Fusobacterium, Bacte-
roides, Porphyromonas, and Helcococcus, in addition 
to Trueperella, with CE in dairy cows, compared with 
healthy and SCE cows.

In the present study, the methods of sample collec-
tion, transportation, and culture media used permit-
ted the isolation of a large diversity of aerobic and 
anaerobic agents, in addition to the limitations of 
culture-dependent techniques. Bogado Pascottini et 
al. (2020) found that the isolation of anaerobic agents 
was reduced compared with the abundance observed 
in metagenomic analysis. Those authors found that 
the number of samples collected and more controls in 
anaerobic culture could be important in their study. 
Our study demonstrated that the technique used for 
culture and identification of microorganisms present 
in the uterine environment made it possible to isolate 
a large diversity of bacterial species, aerobic and an-
aerobic. However, we cannot rule out the probability of 
false-negative results.

Regarding the reproductive performance of dairy cows 
affected by uterine diseases according to the presence of 
microorganisms in the uterine environment, the results 
of the literature are controversial. Sens and Heuwieser 
(2013) noted that cows with positive bacterial isolation 
had pregnancy at 250 DIM reduced by 19.9%, and the 
days to pregnancy was increased by 75.5 d compared 
with cows with negative bacterial isolation. Werner et 
al. (2012) did not observe any difference in the preg-
nancy rate of cows with positive and negative bacterial 
isolation, but Gilbert and Santos (2016) observed that 
cows with positive bacterial isolation became pregnant 
earlier than cows with negative bacterial isolation. 
Denis-Robichaud and Dubuc (2015) demonstrated that 
intrauterine infusion of cephapirin improved the occur-
rence of first-service pregnancy in cows with CE and 
SCE. However, their study did not identify the bacteria 
present in the uterine environment.

This lack of agreement in the literature may occur 
due to the period after parturition in which the ex-
ams are performed, as well as the methodology used 
to collect, transport, and process the uterine samples 
to perform the bacterial isolation. Sens and Heuwieser 
(2013) highlighted that positive isolation of microor-
ganisms does not seem to be the main key for cows 
to develop subclinical endometritis. We highlight that 
18.1% and 40% of the samples from CE and SCE cows, 
respectively, did not present bacterial isolation.

Clinical and subclinical endometritis cause substan-
tial impairment of reproductive performance in affected 
cows, but the economic benefit of efforts to identify and 
treat these individuals is herd specific (LeBlanc, 2008). 
Considering this information, it is very important to 
perform a deep evaluation of the herd’s history and the 
reproductive effects observed, before determining the 
diagnostic tools to use and the control program to be 
adopted.

Paiano et al.: ENDOMETRITIS IN DAIRY COWS
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CONCLUSIONS

The aerobic and anaerobic cultivable uterine bacte-
rial community identified in this study was rich and 
diverse in healthy, SCE, and CE animals. Neverthe-
less, some bacteria, such as Prevotella heparinolytica, 
Porphyromonas levii, Fusobacterium necrophorum, Bac-
teroides pyogenes, and Helcococcus spp., were identified 
only in CE cows. Additionally, there was a significantly 
higher isolation rate of T. pyogenes in the CE group 
compared with healthy and SCE animals, reaffirming 
the importance of this pathogen in cases of endome-
tritis.
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