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ABSTRACT
Endometritis is a major postpartum serious uterine disorder in dairy and beef cat-

tle that compromises reproductive performance. Endometritis is characterized by in-
flammation of the endometrial lining, which leads to delayed myometrial contraction,
decreased conception rates, prolonged calving intervals, and higher culling rates, all of
which adversely affect herd output and profitability. However, this review facilitates
the understanding of etiology, pathogenesis, epidemiology, immune response, diagno-
sis, treatment, andmethodologies to control endometritis. Meanwhile, endometritis is
caused by polymicrobial infections; pathogens include Escherichia coli, Fusobacterium
necrophorum, and Trueperella pyogenes, which directly suppress immunity and colo-
nize the uterus. Both clinical and subclinical forms induce reproductive failures, with
the subclinical form being more difficult to diagnose due to its asymptomatic nature.
Early detection can be improved in diagnostics through the cytobrush-based cytology,
ultrasonography, and microbial culture. Furthermore, treatment approaches include
hormonal therapy, antibiotics, and alternatives involving phytochemicals, probiotics,
and immunomodulators. This study aimed to identify control practices to maintain
hygiene during calving, optimal nutritional support, and reduce predisposing factors.
Current findings on the uterine microbiome and host genetic susceptibility suggest a
newway to target themicrobiome and prevention strategies based on selection. More-
over, accurate management and proper diagnosis and feasible therapies are manda-
tory to minimize the impact of endometritis and enhance fertility.

INTRODUCTION

Reproductive efficiency is an essential component of
productive systems, directly affecting the profitability
and sustainability of a herd (Lima, 2020). Endometri-
tis, defined as inflammation of the uterine mucosa (en-
dometrial lining), has a significant harmful impact on
the reproductive tract and can result in delays in post-
partum return to fertility, longer calving intervals, de-
creased conception rates, and increased culling of cows
(Várhidi et al., 2024). The postpartum uterus is ex-

tremely susceptible to contamination because of cer-
vical relaxation, lochial discharge, and a reduced im-
mune system (Sheldon et al., 2008). However, micro-
bial multiplication may result in clinical endometritis
(CE) with the presence of purulent vaginal discharge or
in subclinical endometritis (SCE), which lacks notice-
able signs, but with high numbers of polymorphonu-
clear (PMN) cellular infiltrate (Pascottini et al., 2016b;
Pascottini et al., 2017). Although retained placenta,
dystocia, metabolic diseases such as hypocalcemia and
ketosis, and negative energy balance (NEB) (Dubuc et
al., 2010) adversely affect the processes of uterine in-
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volution and immune suppression, thereby increasing
the risk of the development of endometritis (Esposito
et al., 2014). Similarly, endometritis is closely associ-
ated with repeat breeding syndrome (RBS), a condition
in which cows fail to conceive after several insemina-
tions, which increases the economic losses of produc-
ers (Pérez-Marín & Quintela, 2023). Modern diagnostic
methods, including the Metricheck device, uterine cy-
tology, and ultrasonography, are more accurate than
traditional palpation and vaginoscopy (LeBlanc et al.,
2002; Kumar et al., 2013). However, early detection
can be difficult, especially in cases of subclinical infec-
tions. Various treatments are available, including sys-
temic antibiotics, intrauterine antibiotics, NSAIDs, and
phytomedicines like neem, garlic, and moringa (Ros-
maidar et al., 2021; Paiano and Baruselli, 2022). In Pak-
istan, bovine endometritis is a common cause of infer-
tility and repeat breeding due to the unhygienic han-
dling of parturition, dystocia, and artificial insemina-
tion. Many handlers cull their animals because of a lack
of awareness of endometritis and its control method-
ologies. Therefore, a systematic understanding of en-
dometritis is necessary to know effective strategies for
reducing the prevalence and impact of endometritis in
cattle herds worldwide.

AETIOLOGY AND PATHOGENESIS OF EN-
DOMETRITIS

Endometritis in cattle is a multifactorial condition that
is a combination of various pathogenic microbes, im-
mune dysfunction, and environmental factors, all of
which influence the uterine environment and have an
adverse impact on fertility. Endometritis is primarily
caused by both clinical and subclinical endometritis,
which are caused by Trueperella pyogenes, Escherichia
coli, Arcanobacterium pyogenes, and Staphylococcus spp.
(Bicalho et al., 2012; Liu et al., 2024). Similarly, sev-
eral anaerobes such as Prevotella spp., Fusobacterium
necrophorum, and Fusobacterium nucleatum are also
involved in repeat breeding syndrome (RBS) (Jeon
& Galvão, 2018). Meanwhile, bovine herpesvirus 4
(BoHV-4) is also associated with chronic uterine infec-
tion, particularly interaction with endometrial stromal
cells (Donofrio et al., 2008). The present study has
shown that environmental or opportunistic persistent
vaginal flora leads to chronic inflammation or compro-
mised immunity (Drillich andWagener, 2018; Paiano et
al., 2021).

Furthermore, the impact of endometritis on the
uterus body is shown in Fig. 1, how microbes en-
ter the uterus through anatomic barriers. While host

defense mechanisms, including mucus, antimicrobial
peptides, and pH, protect the tissue lining from colo-
nization by pathogenic bacteria or lipopolysaccharides
(LPS), these pathogens can trigger an innate and adap-
tive immune response that leads to inflammation, infil-
tration of leukocytes, and synthesis of acute phase pro-
teins; in more severe cases, tissue damage is modulated
by microbial toxins such as pyolysin (PLO) (Sheldon
and Owens, 2017). Although pathogenic microbes such
as E. coli and T. pyogenes release virulence factors con-
taining lipopolysaccharides (LPS) and pyolysin (PLO)
that disrupt the endometrial barrier and trigger an in-
flammatory response (Jinagal et al., 2023). LPS from
E. coli binds to toll-like receptors (TLRs) on endome-
trial cells, triggering the release of pro-inflammatory
cytokines (IL-6, IL-8) and chemokines that attract neu-
trophils and macrophages to the site of infection (Gold-
stone et al., 2014; Turner et al., 2014; Jinagal et al., 2024;
Jinagal et al., 2026). Additionally, bloodborne transmis-
sion of pathogens from the gut has also been hypoth-
esized, emphasizing systemic microbial interactions in
disease development (Jeon et al., 2017).

Figure 1: Schematic representation of the uterine micro-
bial environment and host immune defenses, illustrating the
interaction between the uterine microbiome, reproductive
tract barriers, and innate and adaptive immune mechanisms.
Key components include mucus, glycoproteins, pH, antimi-
crobial peptides, complement, acute-phase proteins, calgran-
ulins, neutrophils, and macrophages, with bacterial compo-
nents such as LPS and PLO contributing to host inflamma-
tory responses (Sheldon and Owens, 2017).

Prevalence

Endometritis is a frequent reproductive disease in dairy
and beef cattle around the world, with prevalence vary-
ing depending on management, location, and herd
health (Khan et al. 2025). Studies have indicated that
the incidence of endometritis (4%) in the Achai cattle
breed is the lowest in the northern region of Pakistan
(Sohail et al., 2018). More generally, about 40% of ani-
mals experience metritis in their first week after partu-
rition, and about 10-15% of all these animals go on to
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develop endometritis (Sheldon & Dobson, 2004). How-
ever, the occurrence of endometritis was 2.8% in the
postpartum phase in Sahiwal cattle in the District of
Faisalabad (Khan et al., 2020). By contrast, levels of
disease during spring and winter months are compara-
ble, but summer months are generally the most likely
to have low disease levels (Pascottini et al., 2016a). In
addition, there is variation in prevalence depending on
geographic location and farm management practices,
suggesting the need for targeted management strate-
gies in various situations (Ferris et al., 2016). Mean-
while, detailed knowledge of endometritis is required
to have effective prevention and control measures that
bring about economic loss reduction in the cattle pro-
duction system.

Immune Response

Immune response to endometritis is characterized by
the movement and activation in the uterine lumen of
polymorphonuclear neutrophils (PMN), required for
tissue repair and elimination of the microbes (Shel-
don et al., 2019). In the case of clinical endometri-
tis, microbes cause dysbiosis, which leads to the de-
struction of endometrial stromal cells and results in
a significant infiltration of PMNs attempting to con-
trol the bacterium but also likely contributing to tis-
sue destruction if the PMNs are dysregulated (Pascot-
tini and LeBlanc, 2020). In contrast, during subclinical
endometritis, when immune dysfunction occurs, PMNs
in the endometrium do not undergo apoptosis or necro-
sis, which inhibits the inflammation and leads to con-
tinuing endometritis with no convincing indication of
microbial dysbiosis.

Furthermore, clinical and subclinical endometritis
have unique pathological characteristics and outcomes
because of this differential immune response. Addi-
tionally, the understanding of the immune response
has been demonstrated in Fig. 2 (Lietaer et al., 2023).
Clinical and subclinical endometritis in dairy cattle can
be caused by post-partum physiological stress or by
metabolic imbalance. Negative energy balance and sys-
temic inflammatory responses inhibit rapid neutrophil
migration into the uterus, which is necessary for uter-
ine recovery. The clinical form is associated with dys-
biosis and immune dysfunction, whereas the subclin-
ical form can occur when there is a lack of clinical
signs of infection but a metabolic stress (Pascottini et
al., 2023a and b).

Figure 2: Schematic representation of postpartum uterine
microbiota dynamics and their association with endome-
trial health and disease. The figure illustrates the transi-
tion of the postpartum uterus through four distinct states:
(1) postpartum uterus, characterized by variable uterine mi-
crobial biomass and changing microbial diversity with ac-
tive neutrophil recruitment; (2) neutrophil (dys)function, as-
sociated with increasing microbial biomass, decreasing mi-
crobial diversity, metabolic stress, and systemic inflamma-
tion; (3a) clinical endometritis, characterized by high micro-
bial biomass and low microbial diversity, accompanied by
endometrial inflammation and infection; and (3b) subclin-
ical endometritis, characterized by low microbial biomass
but relatively high microbial diversity, with endometrial in-
flammation in the absence of overt infection. Representa-
tive bacterial taxa are depicted by different colors: Bacillus
(green), Fusobacterium (orange), Porphyromonas (red), and
Trueperella (blue). Pink cells represent neutrophils and their
recruitment/infiltration into the endometrium. The figure
highlights the relationship between alterations in uterine
microbial communities, neutrophil function, inflammation,
and the development of clinical and subclinical endometri-
tis.

RISK FACTORS OF ENDOMETRITIS

The occurrence of endometritis in cows is attributed to
various intrinsic and extrinsic factors. These risk fac-
tors can significantly influence reproductive outcomes
if appropriate preventive measures are not undertaken;
therefore, it is important to identify and understand
these factors.

Intrinsic risk factors

Postpartum endometritis is a multi-factorial disease,
which occurs when there is a failure to cleanse the
uterus, repair damaged tissue, or fail to achieve innate
immunity due to contamination. Intrinsic risk factors
are thus not always independent. Frequently, calving-
related disorders interact with the unfavorable changes
in metabolism, impaired uterine motility, tissue dam-
age, and immune dysfunction, which together result in
either elimination of normal bacterial contamination
in the postpartum period or deterioration into metri-
tis, clinical endometritis, and subclinical endometritis
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(Krasniqi et al., 2024; Várhidi et al., 2024).

Retained fetal membrane

Retained fetal membranes (RFM) are one of the most
regular intrinsic risk factors for uterine disease in post-
partum cows. If the separation of the placenta does
not proceed normally, the placenta remains intrauter-
ine, and the lochia undergoes changes that result in the
formation of an attached placenta with nutrients and
an attachment surface for opportunistic bacteria. If the
separation does not occur normally, the placenta will
remain in the uterine cavity, and the change in the con-
dition of the lochiawill form an adhered placentawith a
nutrient supply and an attachment site for opportunis-
tic bacteria. Retainedmembranes can also cause a delay
of cervical closure, a decrease in uterine contractions,
impaired drainage of uterine contents, and inhibition of
endometrial repair. Damage to the caruncles can also
occur if they are forcibly removed and bacteria are in-
troduced if the operation is not undertaken in hygienic
conditions. Neutrophil function is also compromised in
RFM, and an inflammatory response swing around par-
turition is observed. Affected animals may then strug-
gle to manage the growth of bacteria like Escherichia
coli, Fusobacterium necrophorum, and Trueperella pyo-
genes in the womb during early involution. Puerperal
metritis can occur at the beginning of the bacterial col-
onization and can later result in purulent vaginal dis-
charge or cytological endometritis. There is recent field
evidence on the importance of this association. The
risk assessment of developing clinical endometritis for
cowswith RFMwas found to be around 5.6 times higher
for the cows than for cows without RFM in a study
of 241 Holstein cows on family dairy farms (Valdivia-
Navarro et al., 2025). Likewise, the investigation of 608
lactations on small-scale dairy farms associated subclin-
ical endometritis with the main risk factors: RFM and
other postpartum uterine diseases, at about 30 days of
postpartum (Villaseñor-González et al., 2025). How-
ever, the interpretation of RFM must be coupled with
other conditions, as it often is with dystocia, twin birth,
stillbirth, hypocalcemia, and negative energy balance.

Dystocia and pro-longed parturition in cattle

Dystocia has several complementary mechanisms that
predispose to uterine disease in cattle and buffaloes.
Prolonged labor leads to delay of fetal expulsion, causes
continued cervical dilation, and exposes the reproduc-
tive tract to the environment’s microbes as well as caus-
ing myometrium depletion. Lochia, fetal membranes,
bacteria, and inflammatory material are not expelled
during the first 24 hours after difficult calving because

the uterine contraction has been reduced. Assisted
delivery may result in abrasion to the vulva, vagina,
cervix, and uterus, along with an edema and/or leakage
from these areas. Excessive traction, repeated vaginal
examination, fetotomy, fetal mutation, and cesarean
section, if performed with poor obstetrical asepsis, can
aggravate the trauma of tissues and bacterial contami-
nation. Damage to the reproductive mucosa may dis-
rupt the physical barrier, resulting in areas that can
become colonized by bacteria and promote bacterial
growth. It has been reported that vulvovaginal lacer-
ations are associated with postpartum uterine diseases
(Vieira-Neto et al., 2016). A recent prospective study of
496 Holstein cows showed that calving assistance and
the factors related to the length of labor were linked to
uterine health after calving, with a higher occurrence
of metritis (Bauer et al., 2026). Otherwise, indirect risk
factors for endometritis include the higher likelihood
of occurrence as a result of RFM, poor feed consump-
tion and low feed intake, hypocalcemia, systemic in-
flammation, and delayed uterine involution. The risk
of endometritis is particularly high in cases of difficult
calving, especially when there is significant obstetrical
manipulation, fetal death, trauma, or placental reten-
tion.

Uterine torsion

These results suggest that tissue damage resulting from
obstetrical procedures and the potential for difficulty
in calving both play a role in later uterine inflamma-
tion. Uterine torsion is a part of the obstetrical dys-
tocia pathway as well as a subtle intrinsic risk factor
for endometritis. Uterine rotation may block venous
drainage and arterial perfusion, resulting in uterine
edema and ischemic injury, with cervical non-dilation,
longer labor, and fetal death in severe cases. Full ma-
nipulation may also be necessary, or it may be possi-
ble to auto-perform a cesarean section, thus increasing
the potential for tissue injury and contamination. This
condition may consequently lead to situations of ab-
normal retention or separation of fetal membranes or
impaired uterine involution, which can predispose to
chronic bacterial attachment and endometritis. Com-
pared with unaffected dairy cows, time to conception
was delayed by 27.6 days, and also the time from calv-
ing to the next ovulation was 25.5 days in affected cows
with uterine torsion (Sickinger et al., 2020).
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Twin birth, stillbirth, fetal abnormal size and fetal viabil-
ity

Common problems for twins are reduced feed intake
after weaning, hypocalcemia, reduced milk yield, dys-
tocia, abnormal fetal positioning or secondary prema-
ture calving, and reduced incidence of retention of the
placenta. Premature calving, abnormally situated fe-
tuses, dystocia, reduced feed intake after weaning, re-
duction in milk yield, reduced incidence of placental
retention, and hypocalcemia are common problems as-
sociated with twins. The overdistended uterus is likely
to cause decreased uterine muscle activity after birth,
whichwill prolong the duration of lochia, and thewaste
may increase the bacterial load introduced into the gen-
ital tract. Another theory is that there is an increased
surface area in multiple pregnancies that causes ab-
normal separation of the placenta. The failure of a
baby to move into the world has the potential to make
the child’s birthmore complicated and time-consuming
and may require obstetrical intervention. The bacterial
load in the genital tract is increased by the autolysis of
dead fetuses, contaminated fetal fluids, fetotomy, and
difficulties in extraction. Likewise, cattle with large
calves have a higher risk of a prolonged second stage,
loss of traction, a risk of mucosal injury, and a risk of
cesarean section. These fetal risk factors often work
together with the dysfunction of labor (dystocia) and
RFM and can be considered one of the clinical compo-
nents of the overall fetal risk profile (Bauer et al., 2026;
Várhidi et al., 2024).

The study did not examine torsion as an indepen-
dent risk factor for clinical or subclinical endometritis;
therefore, torsion should be considered a biologically
plausible pathway for the development of clinical or
subclinical endometritis, but it has not been proven to
directly cause it. Additionally, the metabolic and im-
mune status influence whether postpartum contamina-
tion resolves or progresses to a disease. Thus, hypocal-
cemia lowers the contractility of themyometrium, post-
pones placental removal and uterine involution, and de-
creases the migration and phagocytic activity of neu-
trophils. Ketosis and negative energy balance, evi-
denced by elevated levels of beta-hydroxybutyrate and
non-esterified fatty acids, reduce the glucose adminis-
tered to the immune cells and impair the ability to kill
bacteria. The systemic inflammation and oxidant stress
are also disturbed during transition. Low serum cal-
cium has been related to obstruction of the placenta
bed, so postpartum endometritis (Esposito et al., 2014;
Ruiz-García et al., 2022; Yáñez et al., 2022) and poor
postpartum metabolic status are related to subclinical
endometritis. Therefore, multiple factors such as im-

paired uterine motility, delayed tissue repairs, and im-
paired innate immunity create an increased risk for
metabolic disease. Age and parity may influence these
intrinsic pathways. by age and parity. Stress on tis-
sue during birth, repeated over the years, may cause
delayed uterine involution or increased risks of concur-
rent metabolic diseases in older cows with high parity.
However, all of these factors must be taken into ac-
count because they can also affect the response to the
disease, with the exception of the ones relating to milk
yield, calving difficulty, and herd management, which
should be interpreted as susceptibility modifiers rather
than as the factors themselves causing endometritis
(Bruun et al., 2002).

Extrinsic risk factors

Extrinsic risk factors come from environmental condi-
tions at the time of calving, human involvement, the
housing system, climatic conditions, and transition-
cowmanagement. This factor is most important during
and shortly after parturition, when the cervix is open,
the endometrium is disturbed, and the lochia promotes
bacterial growth. Thus, the magnitude and type of bac-
teria encountered by the reproductive tract during this
process, along with the effects of management on im-
munity and uterine clearance, are, respectively, calv-
ing supervision and obstetrical practices, which are cru-
cial factors in determining whether the uterus remains
contaminated or develops persistent inflammation, par-
ticularly regarding calving supervision and obstetrical
practices (Sheldon et al., 2019; Hermadi et al., 2025).
The hygiene during calving, which includes calving su-
pervision and obstetrical practices, is a key modifiable
factor. Exposure can happen when the vulva and the
birth canal come into contact with bacteria from the
environment or feces. Exposure to other environmen-
tal or fecal bacteria can occur when the vulva and the
birth canal come into contact with them. Exposure to
other environmental or fecal bacteria can occur when
the vulva and the birth canal come into contact with
them. Although clean, dry bedding is sterile, it can-
not prevent calving if there is any bacterial challenge
but will help control it when calving supervision and
obstetrical practices provide less protection to the mu-
cous membranes. Data on the housing substrate are,
respectively, calving supervision and obstetrical prac-
tices presented at the herd level, which also helps to
demonstrate the complex relationship between hous-
ing cleanliness and dietary and environmental effects.
Cheong et al. (2011) reported that 16.7% of herds with
early postpartum cows in bedded packs had a higher
herd prevalence of subclinical EPI than herdswith early
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postpartum cows in free-stalls, and a 10.7% lower herd
prevalence of subclinical EPI was observed in herds
that housed early postpartum cows in straw-bedded
calving pens. These data highlight the importance of
bedding dryness, regular renewals, manure removal,
and stocking pressure, rather than the specific type of
bedding material used. The external factors closely re-
lated to calving supervision and obstetrical practices
include both calving supervision and obstetrical pro-
cedures. Prolonged second-stage labor duration may
lead to increased tissue compression and prolonged re-
tention of fetal membranes if they are not recognized
until later, and excess or frequent vaginal exams might
result in more contamination. If assistance is needed,
washing the perineum, employing long clean gloves,
disinfecting obstetrical chains or ropes, applying an
appropriate lubricant, and avoiding unnecessary trac-
tion minimize preventable trauma and iatrogenic bacte-
rial transfer. Routine removal of retained membranes
should not take place, as the process of removing them
in a forceful manner may injure the endometrium.

In the field study, the remote calving with the trained
personnel present caused a reduction in the calving-
related issues of fetal-membrane retention and post-
partum uterine infection compared to unmonitored
groups of cows (Palombi et al., 2013). But interven-
tion should be timely and judicious—neither too early
nor excessive—because delayed intervention is equally
harmful. Postpartum housing can either sustain or de-
crease the exposure set up at calving. Lying space
needs are more difficult to meet in fresh-cow pens due
to overcrowding; more manure is deposited, and feed
and water are more easily shared.

Poor ventilation, humidity, and wet bedding encour-
age microorganisms to survive, and moving several
times and insufficient rest time during the transition pe-
riod also bring physiological stress. These factors can
indirectly influence health by decreasing dry-matter in-
take and increasing the production of ketosis or other
coexisting lesions within the same herd, as well as by
prolonging the time that bacteria are in contact with
the vulva. However, these factors may be associated
with farm size, bedding system, cleaning frequency,
and nutrition, and the independent effects of these fac-
tors on the incidence of endometritis should not be as-
sumed (Cheong et al., 2011). Risk is also influenced by
season and thermal environment, although to a differ-
ent extent in different production systems. In Florida,
there were 3,507 calvings analyzed, with metritis found
to be more prevalent during the warm season (24.2%)
than during the cool season (21.1%).

The measured bacterial content of the vagina was

similar in abundance between the warm and cool sea-
sons; however, persistent uterine infections, recorded
on postpartum days 7 and 21, were observed more fre-
quently in the warm season, indicating that bacterial
numbers did not cause the difference in outcomes re-
garding the host’s ability to resist infection (Molinari
et al., 2022). A study of ultrasound samples from 1123
cows across two herds in Scotland, however, found au-
tumn/winter calving was a risk factor for ultrasound-
detected endometritis (McKay et al., 2023). Therefore,
season is viewed as a context-dependent proxy mea-
sure of temperature-humidity load, housing, bedding
moisture, exposure to pathogens, diet, and calving pat-
terns. Practical strategies to mitigate thermal stress in-
clude providing shade, fans, and, where appropriate,
sprinklers; adequate ventilation; and access to clean
water. The extrinsic pathway is completed by the tran-
sition feeding and herd-health organizations. Nega-
tive energy balance, hypocalcemia, and ketosis also
can arise from inconsistent ration mixing, rapid di-
etary change, denials of adequate bunk space, and in-
adequate supply of energy, calcium, trace mineral(s),
and/or antioxidants and serve as intrinsic factors that
may mediate impaired neutrophil function and uterine
contractility. Evidence to support this association be-
tween transitionmanagement and uterine health is pro-
vided by the relationship between higher prepartum
non-esterified fatty acids (NEFAs) and postpartum beta-
hydroxybutyrate (BOHB) and clinical endometritis (Liu
and Wang, 2026). Prevention should thus involve a
combination of hygienic maternity pens, desired stock-
ing density, timely but aseptic calving assistance, heat
abatement, sale of a systematic transition diet, and
fresh-cow surveillance. Many of these studies are ob-
servational and should therefore be viewed as part of
a comprehensive endometritis risk-reduction program,
rather than as evidence that any single environmental
variable causes the development of endometritis.

DIAGNOSIS

The first step in making a proper diagnosis is to dif-
ferentiate puerperal metritis from purulent vaginal
discharge (PVD) from clinical (versus subclinical) en-
dometritis, as the time of diagnosis, the disease history,
and the type of diagnostic tool(s) used are different.
Puerperal metritis typically strikes within the first 21
days after calving, when the uterus is enlarged and wa-
tery brown or red, and smelly fluid is streaming from
the vulva accompanied by fever, depression, loss of ap-
petite, or milk supply. Clinical endometritis is gener-
ally identified at 21 DIM or later as purulent discharge
(usually) or mucopurulent discharge (usually) in a cow
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without clinical signs of other illnesses, compared to
normal cows. This classification is due to the fact that
the discharge can come from the vagina, cervix, or
uterus, and for this reason the use of the term “PVD”
appears to be more preferred. Subclinical endometritis
is characterized by a change in the percentage of poly-
morphonuclear neutrophils (PMN) in the endometrial
biopsy, and it would be challenging to detect by sim-
ply looking at the clinical appearance of the discharge
(LeBlanc et al., 2002; Pascottini et al., 2023b).

The first layer of diagnosis is provided by history
and a general clinical exam. Factors that are relevant
include dystocia, retained fetal membranes, twins, still-
births, assisted calving, a fallow temperature, reduced
feed intake, ketosis, and prior antimicrobial treatment.
In cows with clinical cases, the uterus may feel asym-
metrical and large and have reduced tone and fluctu-
ant contents that can be palpated in the rectum. It has
many benefits and features, including being quick, be-
ing inexpensive, and being available during a normal
herd visit; on the other hand, its advantages and dis-
advantages are the uterine dimensions and tone that
differ with DIM, parity, bladder fullness, and examiner
expertise. Again, palpation is poor in identifying sub-
clinical endometritis when there is little or no uterine
fluid, meaning that a negative result does not rule out
subclinical endometritis (Kasimanickam et al., 2004).

Discharge should be evaluated in a systematic way
and not only by examination of the external surfaces.
Vaginoscopy allows direct visualization of the vagina,
the cervix, and the vaginal discharge and can detect
purulent or mucopurulent material, malodor, vagini-
tis, cervical lesions, or obstetrical trauma. A clean
gloved hand or a device for vaginal collection of dis-
charge, like the Metricheck device, can be used and is
quicker in the field and allows for repeated herd-level
screens. While there is less perfect agreement between
the two methods, Metricheck could recover more ma-
terial and identify more cows with abnormal discharge
than the gloved-hand method, as described by Pleticha
et al. (2009). Vaginoscopy is very informative about
anatomy but requires time, equipment, and cleaning
and putting the patient in restraint. There is one com-
mon drawback to all discharge tests: they are testing
for the presence of PVD rather than endometrial inflam-
mation, and they sometimes show false-positive (Pus-
sick) and false-negative (subclinical disease) results.

Endometrial cytology is themost common technique
to establish a diagnosis of subclinical endometritis. The
cells collected by means of a cytobrush, cytotape, or
uterine lavage with a low volume of saline are stained
and then counted under the microscope, and the per-

centage of PMNs is calculated. Even with normal vagi-
nal discharge and/or rectal findings, a high propor-
tion of PMNs are good indicators of active endometrial
inflammation. It is important to take diagnostic cut-
offs into account when considering the diagnosis when
DIM is involved, as normal inflammation in the postpar-
tum period decreases as involution progresses. Levels
exceeding 18% PMNs from 20-33 DIM and >10% at 34-
47 DIM were used to categorize clinically normal that
had a lower subsequent pregnancy rate according to a
single study (Kasimanickam et al., 2004). Lower thresh-
olds have been used after postpartum or at insemina-
tion in other studies.

Therefore, a review is not a single universal PMN
value but should include details about the sampling de-
vice employed, the staining method used, the number
of cells counted, the DIM, and the cutoff. Compared to
other cytological methods, the cytobrush usually pro-
duces a well-preserved, well-dilated but limited num-
ber of cells of almost monolayer quality, suitable for in-
dividual cow diagnosis after passing through the cervix,
careful asepsis, microscope examination, and trained
interpretation. Uterine lavage samples will sample a
larger surface area within the lumen and may be used
for cytology and culture; however, fluid recovery, dilu-
tion, sedimentation, and uneven cell sampling will de-
crease the repeatability.

Comparable field validation is less extensive, and
Cytotape is a cost-effective option that could make
the slide preparation more efficient. Relative sensi-
tivity of lavage cytology was reported to be 92.3%
and specificity 93.9% compared to 53.9% and 95.4% for
vaginoscopy (Barlund et al. 2008). The results show the
benefit of cytology for detecting subclinical inflamma-
tion, while discharge examination is more effective for
detecting clinical disease (Barlund et al., 2008; Rana et
al., 2020). Histopathology of the endometrial biopsy en-
ables the evaluation of information that is not provided
by cytology; these include epithelial disruption, stro-
mal edema or fibrosis, vascular change, periglandular
inflammation, glandular degeneration, and the depth
and chronicity of lesions. A biopsy may identify recur-
rent or chronic endometrial damage even when the pri-
mary cytological finding is only suspicious, making it
useful for research or when re-breeding investigations
are pursued. However, biopsy is invasive; only a small
area of tissue is being biopsied, requires laboratory pro-
cessing and veterinary pathologist expertise, and can
present inter-observer variation.

It is not recommended for routine herd screening
due to factors such as cost, slow results, and fear of
trauma. There is only partial agreement between the
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two tests due to differences in measured properties of
tissue architecture vs. inflammatory exfoliates (Pascot-
tini et al., 2016b). TRU represents a quick, non-invasive
adjunct that can record involution and can show an en-
larged uterine lumen, echogenic/particulate fluid, ex-
cess fluid depth, asymmetrical horns, or a thick (but
not necessarily) irregular endometrium. When these
are found following the anticipated resolution of the
lochia, they support clinical endometritis. Ultrasound
also has a role in detecting pyometra and determining
the ovarian status, particularly if a functional corpus
luteum is present in the ovary, which will affect the
choice of treatment. However, small amounts of fluid
in the postpartum period are simply physiological; like-
wise, identifying a pathogen from echogenicity is im-
possible, and many cows with cytological endometritis
have no visible fluid. In one study, endometrium thick-
ness had 89.2% specificity and 3.9% sensitivity, as com-
pared to cytobrush cytology, which had 30.8% sensitiv-
ity and 92.8% specificity (Barlund et al., 2008). There-
fore, ultrasound can be beneficial for structural obser-
vations and for triage in cases but cannot supersede
cytological reporting of the diagnosis of subclinical en-
dometritis (McKay et al., 2023). Microbiological culture
reveals the presence of living organisms, either aerobic
or anaerobic organisms, and it can be used for antimi-
crobial susceptibility testing, which is helpful for se-
vere, recurrent, unusual, and herd-level infections. An
infectious diagnosis might be supported by the isola-
tion of organisms like Escherichia coli, Trueperella pyo-
genes, Fusobacterium necrophorum, or mixed anaer-
obes. Moreover, bacterial exposure is likely to be en-
countered postpartum, and culture-negative inflamma-
tory lesions are present, while a positive culture does
not prove that the associated isolate is the causative
agent in the lesion. The results are influenced by con-
tamination of the sample, exposure to oxygen, condi-
tioning prior to sampling or transport between sam-
ples, and the idiosyncrasy of some organisms. Molec-
ular methods are more sensitive and quicker to assess
selected targets; they can characterize members of the
community that cannot be cultured; however, theymay
detect the presence of nonviable organisms and are un-
likely to provide a level of susceptibility that is vali-
dated for routine clinical decisions, with the exception
of molecular methods based on 16S rRNA sequencing
(Jeon et al., 2017; Khan et al., 2020; Liu et al., 2024).

A combination of diagnostic tests is needed in each
and every cow. Using a combination of DIM and clin-
ical history, along with a general examination and dis-
charge score for metritis and PVD, ultrasonography for
evaluation of luminal contents, involution, pyometra,

and ovarian status, and cytology if there is suspicion
of subclinical endometritis or unexplained reduced fer-
tility is recommended. Molecular testing and culture
should be reserved for select cases in which case man-
agementwill be impacted by pathogen identification. A
repeat equivocal exam at a reasonable time will differ-
entiate between inflammation vs. ongoing disease. The
combination of these approaches increases diagnostic
specificity, reduces inappropriate antibiotic use, and al-
lows the response to antibiotic treatment to be judged
using the same case definition as before treatment.

TREATMENT

Treatment selection

The treatment recommended should be based on the
postpartum syndrome, DIM, body condition of the ani-
mal, findings in the uterus, status of the ovary, and us-
ing any diagnostic technique. Acute puerperal metri-
tis in cows or buffaloes when there is fever, toxemia,
depression, reduced appetite, or dehydration should
be treated with systemic antimicrobial and supportive
therapy. These animals should not be treated in the
same way as clinically healthy animals that have been
diagnosed with purulent vaginal discharge (PVD) or cy-
tological endometritis after 21 DIM. After giving birth,
many animals may have bacteria in their uterus. Most
postpartum animals can clear bacteria from their uterus
without treatment. Thus, therapeutic goals must not
only include the absence of vaginal secretion but also
other goals. The treatment should address healing of in-
fection and inflammation, return of the uterus to func-
tion, repair of the thickened endometrium, and stimu-
lation of future fertility (Lima, 2020; Sheldon & Owens,
2017).

Treatment therapy

There is extensive field evidence in countries approved
for this use of cephapirin in the intrauterine space in
suitably selected cows with clinical PVD or cytological
endometritis. The local production by the local admin-
istration generates a high concentration of antimicro-
bial systemically, while at the same time it provides
a high concentration of the antimicrobial in the uter-
ine lumen. But only if the diagnosis is correct, treat-
ment is timely, and the uterine content and extent of
inflammation are correct. Based on a randomized field
trial of 2259 cows examined at 35 ± 7 DIM, the in-
cidence of cows becoming pregnant at their first ser-
vice was significantly higher in those in the intrauter-
ine cephapirin treatment group (31.4% of cows in the
group became pregnant at their first service) than in
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the control group (15.4%). The percentage of cows that
conceived at first service rose to 24.4% from 16.2% for
cows with cytological endometritis. No benefit was
seen in cows with either PVD or cytological endometri-
tis (Denis-Robichaud & Dubuc, 2015).

Results of this study stress the need to target those
cows that meet the following criteria for treatment in
the intrauterine space and confirmed by diagnosis with
intrauterine cultures only: 1) cows with negative cul-
tures and therefore no reason for treatment; 2) cows
that have a culture that the practitioner deems unsafe;
3) cows that presentwith inappetence or abnormalmilk
production. Assessment of clinical cure and restoration
of fertility should be made separately. Forgetting to
identify purulent vaginal discharge doesn’t mean that
all signs of endometrial inflammation are going away.
Likewise, a decrease in inflammatory cells in the en-
dometrium could not necessarily translate to a quick
improvement in reproductive function. Therefore, the
evaluation should consider vaginal discharge, uterine
involution, endometrial cytology, and the potential for
subsequent conception.

Systemic antibiotics selection

In puerperal metritis, especially, pathogenic bacteria
and inflammatory mediators could be spread beyond
the uterine lumen and cause systemic disease, so sys-
temic antimicrobial therapy is crucial. Ceftiofur has
been thoroughly studied for this use. It is better suited
for treatment of cows with acute metritis, fever, tox-
emia, or other systemic symptoms than for clinically
normal cows presenting with later PVD or cytologi-
cal endometritis. Systemic or intrauterine treatment
with penicillin and oxytetracycline was also used to
treat bovine uterine infections. They are effective
based upon antimicrobial susceptibility, the type of
microorganisms, how the drugs are distributed in the
uterus, amount of inflammatory exudate, and sponta-
neous healing potential. Therefore, the activity, label
approval, response from previous herd treatments, and
bacterial culture and susceptibility should be taken into
account when selecting antimicrobial activity.

Limitations of antibiotic therapy

A large volume of uterine fluid, lochia with or without
pus, and necrotic material can have an inhibitory effect
on the effectiveness of intrauterine antibiotics. These
materials may interfere with and neutralize the antimi-
crobial preparation and may prevent contact with the
bacteria in connection with endometrial tissues and
microbial biofilms. All other preparations could also
irritate or harm the lining of the uterus. Systemic

treatment provides whole-animal antimicrobial expo-
sure but is not necessarily associated with a sufficient
concentration in the uterine lumen or endometrial tis-
sue. Intrauterine therapy can therefore lead to high lo-
cal (intrauterine) drug levels but low systemic (blood)
drug levels in animals suffering from puerperal metritis
and/or toxemia.

Other important factors are antimicrobial-resistance
selection, changes in the reproductive microbiota, milk
and meat residues, treatment costs, and the restrictions
in some countries. Oversowing or repeated and indis-
criminate treatment can lead to greater selection pres-
sure but not to a corresponding improvement in fertil-
ity. In such cases, recurrent infections, treatment fail-
ures, and problems with the antimicrobial susceptibil-
ity of animals should be kept in mind when consider-
ing culture and antimicrobial susceptibility testing for
them. Almost all antimicrobial treatment should be
in line with national legislation and under veterinary
care (Kaufmann et al., 2010; Khan et al., 2020; Liu et al.,
2024). Another constraint is the lack of clinical, bacteri-
ological, cytological, and reproductive recovery. Persis-
tent inflammation of the endometrium may decrease a
cow’s fertility and be present without any clinical signs
of inflammation. In some cases, however, the inflam-
mation of the tissue covers can last without any bac-
teria being present in the urinary tract. In those cases,
antimicrobial therapymay be of little therapeutic effect,
as continuous inflammation, rather than ongoing bac-
terial infection, may be the predominant pathological
process.

Hormonal, physical and supportive therapy

Generally, hormones and physical therapies do not di-
rectly destroy bacteria but encourage uterine evacua-
tion and restore reproductive function. If there is a
functioning corpus luteum, prostaglandin F2α (PGF2α)
might help if there is pyometra or persistent uterine
fluid. PGF2α leads to a drop in progesterone, resump-
tion of estrus, relaxation of the cervix, and stimulation
of myometrial activity, all of which can help aid in
uterine clearance. The effect of PGF2α cannot be de-
termined in the animals in which the corpus luteum
is absent. One controlled trial showed that the preva-
lence of subclinical endometritis and fertility in heifers
with and without PGF2α treatment were not differ-
ent (Galvão et al., 2009). Examination of the ovaries,
then, should be performed before deciding on the use
of PGF2α.

The action of oxytocin on the uterus is short and
most effective in the early postpartum period when the
uterus is still responsive to oxytocin. It is an unhelp-
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ful test when endometritis is diagnosed several weeks
after calving, both clinically and subclinically. Hence,
oxytocin must not be used for the routine treatment of
an endometritis that occurs following childbirth. SUL
may be useful in removing a significant volume of fecu-
lent fluid, exudate, or debris in a select number of pa-
tients. Repeated instrumentation, however, can result
in the entrance of microorganisms or trauma to the en-
dometrium or disruption of defense factors. The proce-
dure should thus be carried out aseptically and only in
cases when clinically indicated. Disease of the uterus
that involves systemic imbalances or metabolic stres-
sors demands supportive treatment. Consideration can
be given to fluid therapy, anti-inflammatory therapy,
correction of hypocalcemia, providing nutritional sup-
port and energy supplementation, and treatment of any
underlying diseases. Proper correction of metabolic
and systemic disorders may take a while to achieve in-
volution of the uterus and may decrease the effective-
ness of treatment with antimicrobial drugs.

HERBAL THERAPY

Anti-microbial and anti-inflammatory potential

Bacterial membrane disruption, change in membrane
permeability, interference with the metabolic path-
ways of microbes, and regulation of inflammatory re-
sponses are due to the action of phenolic contents and
terpenoids from the products of herbs and essential
oils. Cinnamon, oregano, thyme, clove, and eucalyp-
tus, among other plant products, have therefore been
assessed for use as alternative or complementary antibi-
otics. Essential oils of cinnamon, oregano, and thyme
reduced E. coli and Trueperella pyogenes in vitro from
dairy cows with clinical endometritis in vitro. The min-
imum inhibitory and minimum bactericidal concentra-
tions of these oils were comparatively low, and there-
fore these oils manifested strong antimicrobial activity
against the important uterine pathogens (Paiano et al.,
2023). However, in vitro the activity of an antimicro-
bial is not necessarily meaningful in terms of efficacy
in the clinic. The activity of the essential oils may be
affected by conditions in the uterus, such as uterinemu-
cus, the inflammatory exudate, tissue penetration, dilu-
tion, formation of uterine biofilms, and the chemical
environment of the postpartum uterus. They can also
differ in chemical composition by processing technique,
storage, product formulation, geographical origin, and
chemotype, depending on plant species. Essential oils
with antimicrobial effects may harm the cells of the en-
dometrium or sperm. Their pharmacokinetics, uterine
tolerance, tissue irritation, residues, product stability,

and effects on conception should be determined prior
to routine intrauterine use.

Evidence from standardized herbal products

Herbal medicines for dogs are no longer in laboratory
testing. A formulation based on alcoholic extract of
Calendula officinalis, Melissa officinalis, and Origanum
majorana, plus eucalyptus oil, was tested in cows hav-
ing clinical endometritis at 21 - 35 DIM. The efficacy
was compared with intrauterine cephapirin in a multi-
center randomized field trial. The success rates were
61% for the herbal preparation and 67% for cephapirin
and were statistically indistinguishable at 14 ± 2 days
after the first treatment. Only 82% of the cows treated
with the herbal product were clinically cured, while
88% were clinically cured with cephapirin. No signif-
icant differences were observed among the treatments
(Menoud et al., 2024). These results are encourag-
ing but cannot be generalized to all types of extracts,
essential-oil formulations, severe puerperal metritis,
chronic uterine disease, and cytological endometritis,
respectively. More research is needed to assess herds’
long-term fertility, reproductive safety, residues, prod-
uct consistency, and product reproducibility.

Inflammatory therapy

Immunomodulatory therapy is designed to boost lo-
cal uterine immune responses, enhance clearance of
microflora and dysbiosis, modulate inflammation, and
repair the uterus without using solely antimicrobial
agents. Suggestions involve probiotics, some specific
types of lactic-acid bacteria, stimulated innate immune
pathways, platelet-rich plasma, and regulation of in-
flammatory mediators. Vaccination is primarily an im-
munomodulatory strategy of prevention. Machado et
al. (2014) conducted a randomized experiment (n=371
heifers) that revealed vaccination containing bacte-
rial components or virulence proteins of E. coli, F.
necrophorum, and T. pyogenes decreased the incidence
of puerperal metritis and increased subsequent repro-
ductive performance. The results provide added con-
firmation of the possibility of preventing endometritis
through vaccination and are not a treatment for already
infected animals with either clinical or subclinical en-
dometritis. Probiotics and certain lactic-acid bacteria
can inhibit pathogens by preventing their growth, al-
tering the colonization of adhesion sites, producing an-
timicrobial compounds, stimulating local mucosal im-
mune responses, and modulating the reproductive mi-
crobiota. PRP can help to provide a variety of growth
factors, cytokines, chemokines, and other biologically
active compounds, which are usually involved in help-
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ing to regulate inflammation and aid in the repair of
the endometrial tissue. However, probiotics, platelet-
derived products, and other immunomodulatory prepa-
rations have not been demonstrated to be successful
in cattle and buffaloes. Strain and product identifica-
tion, dose and route/s of administration, timing, steril-
ity and contaminationmanagement, overstimulation of
the immune system, and fertility improvement consis-
tency are all important uncertainties. These methods
are thus considered “emerging adjunctive” or alterna-
tive treatments, rather than proven alternatives to indi-
cated antimicrobial treatment (Pascottini and LeBlanc,
2020).

Ozone therapy

Ozone therapy has an antimicrobial effect and oxida-
tive signaling effects and may be administered as an
oxygen-ozone gas mixture, foam, or ozonated oil. In a
small randomized study involving 80 clinically healthy
postpartum cows on four pasture-based farmsit was
found that by 72 hours after treatment with intrauter-
ine ozone, the mean endometrial PMN decreased (from
3.7% in the treatment group to 7.6% in the controls),
while the cows receiving treatment had a higher first-
service conception rate (50%, compared to 16.2% in the
72 hours after treatment with intrauterine ozone, mean
endometrial PMN decreased (3.7% of interesters, de-
creased to 7.6% in controls), while cows in treatment
had a higher first-service conception rate (50%, com-
pared to 16.2% of controls) (Escandón et al., 2020).

The use of ozone is being studied to treat bovine
uterine infections without antibiotics or as a treatment
that does not require them. Ozone is highly oxidizing
and causes reactions with membrane lipids, proteins,
enzymes, etc., which are vulnerable to the effects of
microorganisms. Microbial membranes: Such oxida-
tive damage can harm microbial membranes and dis-
rupt metabolism. Such oxidative damage can affect
metabolism. Ozone exposure that can be controlled
also elicits the production of ROS and lipid oxidation
products, which could potentially affect local antioxi-
dant, immune, and inflammation pathways. But high
levels of ozone, or if it is released for too long, can cause
oxidative damage to host tissue. Thus, the biological ef-
fects of ozone can be very dependent on the concentra-
tion, volume, pharmaceutical preparation, and contact
time (Sciorsci et al., 2020; Đuričić et al., 2026). In bovine
reproductive practice, ozone has been used as an O₂-
O₃ gas mixture (directly in the uterus), ozonated water,
foam (directly in the uterus), and ozonated water-oil
(also directly in the uterus). Although these formula-
tions are similar, none can be substituted for another

due to differences in the stability of the ozone in the
formulation, distribution throughout the uterus, and
length of time that the tissues are in contact with the
ozone.

Laboratory evidence

Under laboratory conditions, the direct antimicrobial
effect of ozone on bacteria related to bovine uterine dis-
eases has been shown. Lillo et al. (2023) assessed the
performance of the oxygen-ozone mixture against ref-
erence strains and triggered acute metritis in cows, bac-
teria collected from the cervicovaginal mucus. E. coli
and all other tested bacteria and Mycoplasma bovigen-
italium were highly vulnerable to exposure to ozone.
No bacterial growth was observed when tested at 20
μmole/mL for 1 minute; bacterial growth was signifi-
cantly reduced at the lowest concentration tested for
M. bovigenitalium, and none of the bacterial growth
was observed in the case of both reference and clinical
isolates of M. bovigenitalium at the lowest concentra-
tion tested for M. bovigenitalium, i.e., 20 μmole/mL for
1 minute. However, this represents in vitro results and
should not be read as proof of efficacy in vivo, as the
in vivo activity of ozone could be reduced or altered
by the presence of uterine mucus, inflammatory exu-
date, tissue penetration, and microbial biofilms. (Lillo
et al., 2023) Escandón et al. (2020) assigned 80 clini-
cally healthy, 40 dairy cows on each of four pasture-
based farms to either an intrauterine ozone treatment
or a control that was not treated. Ozonated solution
was given 35 days postpartum. After 72 h the level of
endometrial polymorphonuclear neutrophils decreased
in ozone-exposed cows compared to controls (3.7 ± 1.4%
vs. 7.6 ± 1.1%, respectively). Also, the absence of sub-
clinical endometritis in treated animals (5.0%) was ob-
served to be lower than in the controls (50.0%).

In addition, treated cows had a higher first service
conception rate (50.0% compared to 16.2%) and fewer
services per conception (2.1 ± 0.3 compared to 3.1 ±
0.2). Therefore, the original text should read “3.7% of
the cows that did subsequently receive ozone had their
PMNs reduced to 7.6%, as opposed to the controls” (Es-
candón et al., 2020). Patra et al. (2023) examined in-
trauterine ozone insufflation in 14 clinical endometritis
cases of cows. Seven cowswere available for each treat-
ment of ozone alone or ozone plus cephalexin. Ozone
alone and in combination reduced the counts of bacte-
ria by 99.60 and 99.72%, respectively. The first insem-
ination conception rates were 42.85 and 71.42 percent,
respectively. The findings presented do suggest poten-
tial antimicrobial and fertility benefits for ozone treat-
ment when compared to control; however, as this study
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involved a limited number of cows, treatment with an-
tibiotics alone and an untreated control group were not
included, so it is difficult to compare ozone treatment
and antibiotic treatment (Patra et al., 2023). Evidence
has also recently become available in buffaloes. Dutt
et al. (2025) investigated 31 reportedly normal cervico-
vaginal discharge in Murrah buffaloes. A threshold of
≥5% PMNs on cyto-brush was used to diagnose sub-
clinical endometritis. The other 25 buffaloes received
intrauterine normal saline with an oxygen-ozone gas
mixture (55 μg/mL; 60 mL) on day 1 and day 2 dur-
ing estrus, while 06 control buffaloes received intrauter-
ine normal saline. 68% (17/25) of the buffaloes treated
with ozone presented cytological recovery (defined as
PMN proportion < 5%). The 17 recovered buffaloes that
had some pregnancy diagnostics appeared in 6 animals,
yielding a pregnancy rate of 35.29% for the recovered
animals. There was no significant difference in PMN
percentage in the saline-treated group.

Furthermore, the small number and uneven distribu-
tion of the groups, along with the limited reproduc-
tive follow-up, indicate that the findings require fur-
ther analysis since the results are preliminary (Dutt et
al., 2025). Carbonari et al. (2026) screened 156 repeat-
breeder cows and found 57 cows to have cytological
subclinical endometritis. Intrauterine oxygen-ozone
treatment had 30 cows, and the control group consisted
of 27 cows. The number of cows receiving intrauter-
ine oxygen-ozone treatment (OPT) was 30, and the un-
treated control group was 27 cows. One minute of con-
tinuous flow of oxygen-ozone with an ozone concen-
tration of 20 μg/mL was provided during estrus. Af-
ter 12 hours, no bacteria could be cultured from any
of the 12 treated cows that had been culture positive,
but positive bacteria were cultured from all 14 of the
culture-positive control cows. Treated cows had a 30%
pregnancy rate while controls had a 7% pregnancy rate
after the first artificial insemination. The pregnancy
rates in the second inseminations were 43% and 4%, re-
spectively, in cows inseminated twice. There were no
clinical adverse effects reported at sites or in the body
after treatment. Nevertheless, the data from this ran-
domized study should be viewed as preliminary, and
the 12-hour bacteriological evaluation does not prove
a long-term bacterial or histological (cytological) cure
(Carbonari et al., 2026).

Taken together, these studies suggest that in
utero ozone has antimicrobial, anti-inflammatory, and
fertility-enhancing effects in cows and buffaloes. Even
with all of these trials, however, there is significant
variation among all studies in the choices of animals,
definition of endometritis, method of preparing ozone,

ozone concentration, the amount of ozone adminis-
tered, the timing of treatment, and evaluation of the
outcome. Some small sample sizes and less often a di-
rect comparisonwith licensed antimicrobial treatments
are also included in several studies. As a result, ozone
should really be considered a promising complemen-
tary or antibiotic-reducing treatment, but as of now,
it is not a recognized alternative treatment for tradi-
tional treatment methods. To determine what is opti-
mal, the optimal concentration, formulation, and expo-
sure time must be investigated in multi-center random-
ized trials, in comparison with the standard treatments,
using cytological cure, bacteriological cure, conception
rate, calving-to-conception interval, recurrence, and
adverse effects as outcome measures.

The therapeutic effectiveness of intra-uterine ozone
was studied by Dutt et al. (2025) in 31 repeat-breeding
Murrah buffaloes. All of the remaining buffaloes re-
ceived repeated artificial insemination after three con-
secutive cycles of normal cervico-vaginal discharge
and were unable to become pregnant. The cytobrush
methodwas used to obtain samples of the endometrium
during estrus. The smears were air-dried, fixed in the
methyl alcohol, stained in the modified Giemsa stain,
and examined under the microscope at 400×. In each
specimen, at least 100 endometrial cells were counted,
and buffaloes were considered to have subclinical en-
dometritis when ≥5% of the cells were polymorphonu-
clear neutrophils (PMNs). The buffaloes were divided
into control and ozone-treatment groups; 60 mL of nor-
mal saline was infused into the uterus of the control
group, and 60 mL of the ozone gas at 55 μg/mL was
infused into the uterus of the ozone-treatment group
on the first and second days of the estrous cycle. After
treatment, buffaloes with an < 5% PMN proportion in
the endometrium were treated as cytologically recov-
ered and were inseminated during subsequent sponta-
neous estrus. No significant difference was found in
the percentage of PMN in the endometrium of the con-
trol group. On the other hand, 68% (17/25) of the buf-
faloes that were treated with ozone attained cytological
recovery. Of the 17 animals recovered, six were preg-
nant (with a pregnancy rate of 35.29% among the re-
covered buffaloes). Overall, the pregnancy proportion
was 24% (6/25) when considered for all the animals that
underwent ozone treatment. The study results indicate
that the intrauterine administration of O₃ can help di-
minish the inflammatory response at the endometrium
level and improve fertility in subclinical endometritis-
affected repeat-breeding buffaloes. It acts as an antiox-
idant that also has an oxidative antimicrobial activity,
which could minimize the levels of microorganisms in
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the uterus, and a controlled oxidative signaling might
activate local immune and antioxidant responses. The
use of ozone could thus serve as a potential treatment to
reduce the reliance on antibiotics for managing subclin-
ical endometritis in buffaloes. The findings should be
taken with some caution, as this study included a small
and disproportionate control group, failed to compare
ozone with a standard intrauterine antibiotic, and had
limited information on blinding, recurrence over the
long term, and subsequent reproductive performance.
Standardized ozone levels, uniform group sizes, and
head-to-head comparisons with the traditional treat-
ment methods are needed in larger randomized con-
trolled trials to justify ozone as a standard alternative
to antimicrobial treatment.

While promising, the short interval between the cy-
tology tests, the small sample size, and the specific pro-
duction system limit the procedure’s effectiveness; ad-
ditionally, including a sham procedure this time would
further enhance its effectiveness, but it also introduces
limitations regarding generalizability. There is a lack
of standardization in ozone concentration, ozone expo-
sure to the operator, the deliverymethod, and oxidative
tissue injury in addition to residue or regulatory consid-
erations. Ozone is recommended for routine therapy
until independent multicenter trials with appropriate
blinding are completed.

Treatment should be based on an appropriate diag-
nosis, judicious antimicrobial use, and correction or im-
provement of predisposing factors in general. Prompt
evidence-based systems care should be given to cows
with systemically ill metritis, while clinically stable
cows with PVD or cytological endometritis should be
treated selectively according to a locally licensed treat-
ment protocol for which there is a fertility benefit. In
the future, the use of antibiotics could be decreased
using herbal formulations, immune modulators, and
ozone, but these are partially indicated by in vitro activ-
ity, up to small, formulation-specific field trials. Follow-
up should repeat the same type of results as those
obtained at diagnosis, either discharge or cytological
or ultrasonographic, and should include reproductive
endpoints like first-service conception, days open, and
pregnancy by a defined DIM.

Overall therapeutic evaluation

Systemic antibiotics are still very significant when a
puerperal metritis is associated with fever or systemic
illness. There is relatively strong evidence supporting
the use of intrauterine cephapirin for cows that are
appropriate candidates after experiencing early post-
partum purulent vaginal discharge and cytological en-

dometritis. Potential treatments such as herbal reme-
dies, immunomodulators, platelet-rich plasma, probi-
otics, and ozone have reductions in antimicrobial use,
although themajority need further standardization and
larger controlled trials. Vaginal discharge, as a stan-
dalone diagnosis, is not the determinant of a treat-
ment’s success. Vaginal discharge alone should not be
used to determine a treatment’s success; that should be
defined by restoration of uterine health and fertility.

CONTROL

Preventative management is the key to control of
bovine, especially during the calving period, when the
uterus is at its most vulnerable to microbial invasion.
However, maintenance of appropriate hygiene is im-
portant during the calving period. When a cow is calv-
ing, poor hygiene can also let bacteria or debris into
the uterus, which can lead to infection (Wu et al., 2022).
Although preventivemeasures to limit risk factors such
as retained placenta, environmental stresses, and poor
calving conditions are important for controlling bovine
endometritis and improving herd fertility, they must be
accompanied by appropriate hygiene practices to con-
trol bovine endometritis and improve herd fertility. Ad-
equate nutrition is also crucial for sufficient energy, vi-
taminA, selenium, and zinc levels to ensure a strong im-
mune system to resist infections (Feng et al., 2024). Fur-
thermore, proper nutrition during this period reduces
the risks associated with retained placenta, a signifi-
cant predisposing factor for endometritis (Serbenyuk,
2023).

INNOVATIVE STRATEGIES AND FUTUREDIREC-
TIONS

Management of bovine endometritis has been rapidly
changing over the past years with technological in-
novation and knowledge of the biology of the uterus.
The use of ultrasonography is an expanded diagnos-
tic tool, especially high-resolution portable ultrasono-
graphic devices. These tools allow for the visualiza-
tion of uterine changes, such as the presence of uter-
ine fluid and thickening of the endometrium, in real
time, with increasing importance for monitoring and
evaluating treatment efficacy (Nakaya & Pulendran,
2015). The detection of endometritis introduces new
concepts regarding deep networks as a potential ap-
proach for managing multiple factors, including nu-
tritional status, metabolic stress, genotype, microRNA
expression, reproductive tract health, and microbial
virulence factors. Alongside, machine learning algo-
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rithms can detect complex, non-linear relationships
among variables and generate predictions that are not
possible by traditional statistical models, such as high
fertility, increased productivity, and the development
of therapeutic strategies (Fig. 3) (Lima, 2020). Fur-
thermore, the current models of fertility management
are increasingly incorporating immunomodulation ap-
proaches, such as vaccines and immunostimulants, to
support both innate and adaptive immunity against
uterine pathogens (Choudhary et al., 2023).

Figure 3: Schematic representation of an integrated multi-
omics and deep learning framework for predicting cat-
tle fertility and productivity. Nutritional status, lactation-
associated metabolic stress, and genotype influence the cow
phenotype and reproductive tract health through miRNA,
adaptive and innate immune responses, and microbial types
and virulence genes. These biological and phenotypic inputs
are integrated using deep neural networks (machine learn-
ing) to predict fertility, productivity, and potential target
therapies, supporting precision management and therapeu-
tic interventions in cattle.

CONCLUSION

Endometritis is one of the significant causes of in-
fertility and economic loss in dairy and beef cattle
due to its multifactorial interaction with microbes, im-
mune dysfunction, metabolic imbalance, and postpar-
tum risk factors. However, diagnostic approaches, in-
cluding molecular microbiology and understanding of
the uterine microbiome, have improved early detection
and provided opportunities for targeted, non-antibiotic
therapies. Additionally, control strategies should incor-
porate accurate diagnosis, effective herd management,
optimal nutrition, proper sanitation, and immunologi-
cal support to enhance reproductive performancewhile
reducing antibiotics and hormonal dependency. Such
versatile approaches will be necessary for a sustainable
productive system.

ACKNOWLEDGMENT

All authors contributed in writing of this review article.

ETHICAL CONSIDERATIONS

This article is a review and meta-analysis and did not
involve any new experiments on humans or animals.
Therefore, informed consent was not applicable.

REFERENCES

Barlund CS, Carruthers TD, Waldner CL, Palmer CW. A com-
parison of diagnostic techniques for postpartum endometri-
tis in dairy cattle. Theriogenology. 2008;69(6):714-23.
doi:10.1016/j.theriogenology.2007.12.005.

Bauer JW, Burnett TA, Madureira AML, Cerri RLA. Association
of calving factors and labor duration with postpartum uter-
ine health in Holstein cattle. J Dairy Sci. 2026;109(5):5532-43.
doi:10.3168/jds.2025-27270.

Bicalho MLS, Machado VS, Oikonomou G, Gilbert RO, Bicalho
RC. Association between virulence factors of Escherichia coli,
Fusobacterium necrophorum and Arcanobacterium pyogenes
and uterine diseases of dairy cows. Vet Microbiol. 2012;157(1-
2):125-31. doi:10.1016/j.vetmic.2011.11.034.

Bruun J, Ersbøll AK, Alban L. Risk factors for metritis in
Danish dairy cows. Prev Vet Med. 2002;54(2):179-90.
doi:10.1016/S0167-5877(02)00026-0.

Carbonari A, Burgio M, Frattina L, Cicirelli V, Iarussi F, Tempesta
M, et al. Intrauterine oxygen/ozone mixture for the treatment
of subclinical endometritis in repeat breeder cows. Res Vet Sci.
2026;202:106075. doi:10.1016/j.rvsc.2026.106075.

Cheong SH, Nydam DV, Galvão KN, Crosier BM, Gilbert RO. Cow-
level and herd-level risk factors for subclinical endometritis
in lactating Holstein cows. J Dairy Sci. 2011;94(2):762-70.
doi:10.3168/jds.2010-3439.

Choudhary P, Magloire D, Hamonic G, Wilson HL. Immune
responses in the uterine mucosa: clues for vaccine
development in pigs. Front Immunol. 2023;14:1-7.
doi:10.3389/fimmu.2023.1171212.

Cronin JG, Kanamarlapudi V, Thornton CA, Sheldon IM. Signal
transducer and activator of transcription-3 licenses Toll-like re-
ceptor 4-dependent interleukin (IL)-6 and IL-8 production via
IL-6 receptor-positive feedback in endometrial cells. Mucosal
Immunol. 2016;9(5):1125-36. doi:10.1038/mi.2015.131.

Denis-Robichaud J, Dubuc J. Randomized clinical trial of intrauter-
ine cephapirin infusion in dairy cows for the treatment of pu-
rulent vaginal discharge and cytological endometritis. J Dairy
Sci. 2015;98(10):6856-64. doi:10.3168/jds.2014-9129.

Donofrio G, Ravanetti L, Cavirani S, Herath S, Capocefalo A, Shel-
don IM. Bacterial infection of endometrial stromal cells influ-
ences bovine herpesvirus 4 immediate early gene activation: A
new insight into bacterial and viral interaction for uterine dis-
ease. Reproduction. 2008;136(3):361. doi:10.1530/REP-08-0171.

Drillich M, Wagener K. Pathogenesis of uterine diseases in
dairy cattle and implications for fertility. Anim Reprod.
2018;15(1):879-85. doi:10.21451/1984-3143-AR2018-0023.

Dubuc J, Duffield TF, Leslie KE, Walton JS, LeBlanc SJ. Risk fac-
tors for postpartum uterine diseases in dairy cows. J Dairy Sci.
2010;93(12):5764-71. doi:10.3168/jds.2010-3429.

DOI: https://doi.org/10.48165/aru.2026.6.02.01 14



Basit et al. Animal Reproduction Update Vol.6(2) (2026)

Đuričić D, Žura Žaja I, Kowalczyk A, Vlahović K, Valpotić H, Ko-
vačić M, et al. Evidence and clinical applications of natu-
ral products in veterinary medicine: A systematic review of
clinoptilolite, ozone therapy, propolis and phytotherapy. Vet
Sci. 2026;13(5):483. doi:10.3390/vetsci13050483.

Dutt R, Sharma M, Singh M, Kajal S, Yadav U, Kundu A, et al.
Ozone therapy in treatment of sub-clinical endometritis in re-
peat breeding buffaloes. Ruminant Sci. 2025;14(2):191-5.

Escandón BM, Espinoza JS, Perea FP, Quito F, Ochoa R, López GE,
et al. Intrauterine therapy with ozone reduces subclinical en-
dometritis and improves reproductive performance in postpar-
tum dairy cowsmanaged in pasture-based systems. TropAnim
Health Prod. 2020;52(5):2523-8. doi:10.1007/s11250-020-02298-
3.

Esposito G, Irons PC, Webb EC, Chapwanya A. Interac-
tions between negative energy balance, metabolic
diseases, uterine health and immune response in transi-
tion dairy cows. Anim Reprod Sci. 2014;144(3-4):60-71.
doi:10.1016/j.anireprosci.2013.11.007.

Feng F, Huang C, Luosang D, Ma X, La Y, Wu X, et al. Serum
metabolomic analysis of synchronous estrus in yaks based
on UPLC-Q-TOF MS technology. Animals. 2024;14(10):1399.
doi:10.3390/ani14101399.

Ferris RA, McCue PM, Borlee GI, Loncar KD, Hennet ML, Borlee
BR. In vitro efficacy of nonantibiotic treatments on biofilm dis-
ruption of gram-negative pathogens and an in vivomodel of in-
fectious endometritis utilizing isolates from the equine uterus.
J Clin Microbiol. 2016;54(3):631-9. doi:10.1128/JCM.02861-15.

Galvão KN, Frajblat M, Brittin SB, Butler WR, Guard CL, Gilbert
RO. Effect of prostaglandin F2α on subclinical endometritis
and fertility in dairy cows. J Dairy Sci. 2009;92(10):4906-13.
doi:10.3168/jds.2008-1984.

Goldstone RJ, Talbot R, Schuberth HJ, Sandra O, Sheldon
IM, Smith DG. Draft genome sequence of Escherichia coli
MS499, isolated from the infected uterus of a postpartum
cow with metritis. Genome Announc. 2014;2(4):e01128.
doi:10.1128/genomeA.00217-14.

Hermadi HA, KhairullahAR, Damayanti Y, Safitri E, TyasningsihW,
Warsito SH, et al. Endometritis in cattle: A review of current
understanding and practical causes of repeat breeding. Trends
Sci. 2025;22(6):9587.

Jeon SJ, Cunha F, Vieira-Neto A, Bicalho RC, Lima S, Bicalho ML,
et al. Blood as a route of transmission of uterine pathogens
from the gut to the uterus in cows. Microbiome. 2017;5(1):109.
doi:10.1186/s40168-017-0328-9.

Jeon SJ, Galvão KN. An advanced understanding of uterine micro-
bial ecology associated with metritis in dairy cows. Genomics
Inform. 2018;16(4):21. doi:10.5808/GI.2018.16.4.e21.

Jinagal S, Dutt R, Sharma M, Punetha M, Saini S, Thakur S, et al.
LPS-induced mitochondrial dysfunction reduces oocyte mat-
uration and developmental competence of buffalo embryos
via ROS mediated TLR4 signalling. Am J Reprod Immunol.
2024;92(1):e13902. doi:10.1111/aji.13902.

Jinagal S, Dutt R, Sharma M, Punetha M, Yadav U, Bansal KN, et
al. Effect of LPS on in vitro embryo development in Bubalus
bubalis: Amodel for studying inflammatory pathways. Reprod
Domest Anim. 2026;61(1):e70161. doi:10.1111/rda.70161.

Jinagal S, Dutt R, Thakur S, Punetha M, Sharma M, Saini
S, et al. Developmental competence of embryo vis-à-vis
lipopolysaccharide. Anim Reprod Update. 2023;3(1):31-40.

doi:10.48165/aru.2023.3.1.6.

Kasimanickam R, Duffield TF, Foster RA, Gartley CJ, Leslie KE,
Walton JS, et al. Endometrial cytology and ultrasonogra-
phy for the detection of subclinical endometritis in post-
partum dairy cows. Theriogenology. 2004;62(1-2):9-23.
doi:10.1016/j.theriogenology.2003.03.001.

Kaufmann TB, Westermann S, Drillich M, Plöntzke J, Heuwieser
W. Systemic antibiotic treatment of clinical endometritis in
dairy cows with ceftiofur or two doses of cloprostenol in
a 14-d interval. Anim Reprod Sci. 2010;121(1-2):55-62.
doi:10.1016/j.anireprosci.2010.04.190.

Khan GZ, Hanif N, Kazmi SUEF, Noor M, Ali M, Awan GM, et al.
The rising impact of endometritis on infertility in cattle and
other large ruminants. Indus J Biosci Res. 2025;3(4):108-21.

Khan HH, Qureshi ZI, Waqas MS, Rashid MH, Saeed MS, Ali S, et
al. Prevalence and drug susceptibility of mycotic endometri-
tis in Sahiwal cattle in district Faisalabad, Pakistan. Pak Vet J.
2020;40(4):461-6.

Krasniqi K, Black N, Williams EJ, Bogado Pascottini O, Thornton
S, Quenby S, et al. Lessons learned from bovine subclini-
cal endometritis: A systematic review exploring its potential
relevance to chronic endometritis in women. Reprod Fertil.
2024;5:e230035. doi:10.1530/RAF-23-0035.

Kumar P, Purohit GN, Mehta JS. Diagnosis of endometritis in cows
using Metricheck, uterine cytology and ultrasonography and
efficacy of different treatments. Vet Pract. 2013;14(2):351-4.

LeBlanc SJ, Duffield TF, Leslie KE, Bateman KG, Keefe GP, Wal-
ton JS, et al. Defining and diagnosing postpartum clinical en-
dometritis and its impact on reproductive performance in dairy
cows. J Dairy Sci. 2002;85(9):2223-36. doi:10.3168/jds.S0022-
0302(02)74302-6.

Lietaer L, Pascottini OB, Heirbaut S, Demeyere K, Vandaele L,
Meyer E, et al. Viability and function dynamics of circulat-
ing versus endometrial polymorphonuclear leukocytes in post-
partum dairy cows with subclinical or clinical endometritis. J
Dairy Sci. 2023;106(5):3436-47. doi:10.3168/jds.2022-22471.

Lillo E, Cordisco M, Trotta A, Greco G, Carbonari A, Rizzo A, et
al. Evaluation of antibacterial oxygen/ozone mixture in vitro
activity on bacteria isolated from cervico-vaginal mucus of
cows with acute metritis. Theriogenology. 2023;196:25-30.
doi:10.1016/j.theriogenology.2022.10.031.

Lima FSD. Recent advances and future directions for uterine dis-
eases diagnosis, pathogenesis and management in dairy cows.
Anim Reprod. 2020;17(3):1-20. doi:10.1590/1984-3143-AR2020-
0063.

Liu N, Shan Q, Wu X, Xu L, Li Y, Wang J, et al. Phenotypic char-
acteristics, antimicrobial susceptibility and virulence geno-
type features of Trueperella pyogenes associated with en-
dometritis of dairy cows. Int J Mol Sci. 2024;25(7):3974.
doi:10.3390/ijms25073974.

Liu Y, Wang S. Bovine uterine microbiota and endometritis: eco-
logical characteristics, host interactions, inflammatory reg-
ulation, and control strategies in dairy cows. Animals.
2026;16(12):1860. doi:10.3390/ani16121860.

Machado VS, Bicalho MLS, Meira Junior EBS, Rossi R, Ribeiro BL,
Lima S, et al. Subcutaneous immunization with inactivated
bacterial components and purified protein of Escherichia coli,
Fusobacterium necrophorum and Trueperella pyogenes pre-
vents puerperal metritis in Holstein dairy cows. PLoS One.
2014;9(3):e91734. doi:10.1371/journal.pone.0091734.

DOI: https://doi.org/10.48165/aru.2026.6.02.01 15



Basit et al. Animal Reproduction Update Vol.6(2) (2026)

McKay C, Viora L, Denholm K, Cook J, Vazquez Belandria R.
Risk factors for ultrasound-diagnosed endometritis and its
impact on fertility in Scottish dairy cattle herds. Vet Rec.
2023;193(3):e3168. doi:10.1002/vetr.3168.

Menoud V, Holinger M, Graf-Schiller S, Mayer P, Gerber L, Walken-
horst M, et al. Comparison between intrauterine application of
an antibiotic and an herbal product to treat clinical endometri-
tis in dairy cattle: A randomized multicentre field study. Res
Vet Sci. 2024;172:105250. doi:10.1016/j.rvsc.2024.105250.

Mohammed ZA, Mann GE, Robinson RS. Impact of endometritis on
post-partum ovarian cyclicity in dairy cows. Vet J. 2019;248:8-
13. doi:10.1016/j.tvjl.2019.03.008.

Molinari PCC, Dahl GE, Sheldon IM, Bromfield JJ. Effect of calv-
ing season on metritis incidence and bacterial content of
the vagina in dairy cows. Theriogenology. 2022;191:67-76.
doi:10.1016/j.theriogenology.2022.08.001.

NakayaHI, Pulendran B. Vaccinology in the era of high-throughput
biology. Philos Trans R Soc Lond B Biol Sci. 2015;370(1671):1-9.
doi:10.1098/rstb.2014.0146.

Paiano RB, Baruselli PS. The use of herbal treatments as alternatives
to control uterine diseases in dairy cows. Trop Anim Health
Prod. 2022;54(2):148. doi:10.1007/s11250-022-03153-3.

Paiano RB, Bonilla J, De Sousa RLM, Moreno AM, Baruselli PS. En-
dometritis in dairy cows reared in tropical conditions: Microor-
ganisms, risk factors, reproductive performance and natural
alternative therapy. University of São Paulo, Faculty of Vet-
erinary Medicine and Animal Science; 2021. p. 19-94.

Paiano RB, de Sousa RLM, Bonilla J, Moreno LZ, de Souza
EDF, Baruselli PS, et al. In vitro effects of cinnamon,
oregano and thyme essential oils against Escherichia coli
and Trueperella pyogenes isolated from dairy cows with
clinical endometritis. Theriogenology. 2023;196:106-11.
doi:10.1016/j.theriogenology.2022.11.010.

Pal P, Dar MR. Induction and synchronization of estrus. In: Animal
reproduction in veterinary medicine. IntechOpen; 2021. p. 1-
14.

Palombi C, Paolucci M, Stradaioli G, Corubolo M, Pascolo PB,
Monaci M. Evaluation of remote monitoring of parturition in
dairy cattle as a new tool for calving management. BMC Vet
Res. 2013;9:191. doi:10.1186/1746-6148-9-191.

Pascottini OB, Aurich C, England G, Grahofer A. General and com-
parative aspects of endometritis in domestic species: A review.
Reprod Domest Anim. 2023;58(2):49-71. doi:10.1111/rda.14390.

Pascottini OB, Hostens M, Dini P, Van Eetvelde M, Vercauteren
P, Opsomer G. Prevalence of cytological endometritis and ef-
fect on pregnancy outcomes at the time of insemination in
nulliparous dairy heifers. J Dairy Sci. 2016;99(11):9051-6.
doi:10.3168/jds.2016-11348.

Pascottini OB, Hostens M, Dini P, Vandepitte J, Ducatelle
R, Opsomer G. Comparison between cytology and
histopathology to evaluate subclinical endometritis
in dairy cows. Theriogenology. 2016;86(6):1550-6.
doi:10.1016/j.theriogenology.2016.05.014.

Pascottini OB, Hostens M, Sys P, Vercauteren P, Opsomer G. Cy-
tological endometritis at artificial insemination in dairy cows:
Prevalence and effect on pregnancy outcome. J Dairy Sci.
2017;100(1):588-97. doi:10.3168/jds.2016-11529.

Pascottini OB, LeBlanc SJ, Gnemi G, Leroy JL, Opsomer G. Genesis
of clinical and subclinical endometritis in dairy cows. Repro-
duction. 2023;166(2):15-24. doi:10.1530/REP-22-0452.

Pascottini OB, LeBlanc SJ. Modulation of immune function in the
bovine uterus peripartum. Theriogenology. 2020;150:193-200.
doi:10.1016/j.theriogenology.2020.01.042.

Patra BK, Nath I, Nayak KK, Mishra R, Mishra C, Biswal SS, et
al. Therapeutic efficacy of ozone insufflations in alleviating
endometritis in cows. Indian J Anim Reprod. 2023;44(1):61-5.

Pérez-Marín CC, Quintela LA. Current insights in the re-
peat breeder cow syndrome. Animals. 2023;13(13):2187.
doi:10.3390/ani13132187.

Pleticha S, Drillich M, Heuwieser W. Evaluation of the Metricheck
device and the gloved hand for the diagnosis of clinical en-
dometritis in dairy cows. J Dairy Sci. 2009;92(11):5429-35.
doi:10.3168/jds.2009-2117.

Rana A, Singh M, Kumar P, Sharma A. Comparison of the cy-
tobrush, cytotape and uterine lavage techniques in healthy
postpartum cows. Indian J Anim Sci. 2020;90(3):391-4.
doi:10.56093/ijans.v90i3.102516.

Rosmaidar R, Handayani M, Fadillah F, Armansyah T, Siregar TN,
Hafizuddin H, et al. The effect of red betel leaf (Piper crocatum)
and moringa leaf extracts on endometritis levels in Aceh cows.
Maj Obat Trad. 2021;26(3):161-8.

Ruiz-García LF, Arévalo IKC, Carcelén F, Pizarro JL, Sandoval-
Monzón RS. Association between serum calcium levels and the
presentation of postpartum endometritis in housed dairy cows.
Res Vet Sci. 2022;144:92-7.

Sciorsci RL, Lillo E, Occhiogrosso L, Rizzo A. Ozone therapy in
veterinary medicine: A review. Res Vet Sci. 2020;130:240-6.
doi:10.1016/j.rvsc.2020.03.026.

Serbenyuk AV. Uterine natural killer cells during the implantation
window period in women veterans experienced by injury with
unrealished reproductive function. Rep Vinnytsia Natl Med
Univ. 2023;27(1):28-34.

Sheldon IM, Cronin JG, Bromfield JJ. Tolerance and innate immu-
nity shape the development of postpartum uterine disease and
the impact of endometritis in dairy cattle. Annu Rev Anim
Biosci. 2019;7(1):361-84. doi:10.1146/annurev-animal-020518-
115227.

Sheldon IM, Dobson H. Postpartum uterine health
in cattle. Anim Reprod Sci. 2004;82-83:295-306.
doi:10.1016/j.anireprosci.2004.04.006.

Sheldon IM, Owens SE. Postpartum uterine infection and en-
dometritis in dairy cattle. Anim Reprod. 2017;14(3):622-9.

Sheldon IM, Williams EJ, Miller AN, Nash DM, Herath S. Uterine
diseases in cattle after parturition. Vet J. 2008;176(1):115-21.
doi:10.1016/j.tvjl.2007.12.031.

Sickinger M, Erteld EM, Wehrend A. Fertility following uterine
torsion in dairy cows: A cross-sectional study. Vet World.
2020;13(1):92-5. doi:10.14202/vetworld.2020.92-95.

Sohail M, Uddin H, Nauman-ul-Islam M, Ali-Shah I, Raziq A, Wazir
I, et al. Prevalence and therapeutic measures of postpartum
uterine diseases in achai cattle at livestock research & devel-
opment station Surezai, Peshawar. J Dairy Vet Anim Res.
2018;7(4):150-2.

Turner ML, Cronin JG, Healey GD, Sheldon IM. Epithelial and stro-
mal cells of bovine endometrium have roles in innate immu-
nity and initiate inflammatory responses to bacterial lipopep-
tides in vitro via Toll-like receptors TLR2, TLR1 and TLR6. En-
docrinology. 2014;155(4):1453-65. doi:10.1210/en.2013-1822.

Valdivia-Navarro J, Ramírez-Hernández R, Montiel-Olguín LJ,

DOI: https://doi.org/10.48165/aru.2026.6.02.01 16



Basit et al. Animal Reproduction Update Vol.6(2) (2026)

Espinosa-MartínezMA, Vera-Ávila HR, Estrada-Cortés E. Asso-
ciation between retained fetal membranes, clinical endometri-
tis, and reproductive performance of Holstein cows in the
family dairy production system. Rev Mex Cienc Pecu.
2025;16(1):69-80.

Várhidi Z, Csikó G, Bajcsy ÁC, Jurkovich V. Uterine disease in dairy
cows: A comprehensive review highlighting new research ar-
eas. Vet Sci. 2024;11(2):66. doi:10.3390/vetsci11020066.

Vieira-Neto A, Lima FS, Santos JEP, Mingoti RD, Vasconcellos
GS, Risco CA, et al. Vulvovaginal laceration as a risk fac-
tor for uterine disease in postpartum dairy cows. J Dairy Sci.
2016;99(6):4629-37. doi:10.3168/jds.2016-10872.

Villaseñor-González F, Montiel-Olguín LJ, Espinosa-Martínez MA,
Durán-Aguilar M, Milián-Suazo F, Vera-Ávila HR. Risk fac-

tors for subclinical endometritis and its effect on reproduc-
tive performance in small-scale dairy farms. Vet Anim Sci.
2025;27:100422. doi:10.1016/j.vas.2024.100422.

Wu J, Bai F, Mao W, Liu B, Yang X, Zhang J, et al. Anti-
inflammatory effects of the prostaglandin D2/prostaglandin
DP1 receptor and lipocalin-type prostaglandin D2 syn-
thase/prostaglandin D2 pathways in bacteria-induced bovine
endometrial tissue. Vet Res. 2022;53(1):98. doi:10.1186/s13567-
022-01100-6.

Yáñez U, Herradón PG, Becerra JJ, Peña AI, Quintela LA. Rela-
tionship between postpartum metabolic status and subclin-
ical endometritis in dairy cattle. Animals. 2022;12(3):242.
doi:10.3390/ani12030242.

How to Cite this Article: Basit M.H., Talpur H.S., Ahmed J.Z., Muhammad F., Ubadullah S., Abbas S., Suleman M., Ahmed
F.. (2026). The Impact of Endometritis on Reproductive Performance in Cattle: A Review. Animal Reproduction Update, 6(2), 1-17.
https://doi.org/10.48165/aru.2026.6.02.01

DOI: https://doi.org/10.48165/aru.2026.6.02.01 17


	Introduction
	AETIOLOGY AND PATHOGENESIS OF ENDOMETRITIS
	Prevalence
	Immune Response

	RISK FACTORS OF ENDOMETRITIS
	Intrinsic risk factors
	Retained fetal membrane
	Dystocia and pro-longed parturition in cattle
	Uterine torsion
	Twin birth, stillbirth, fetal abnormal size and fetal viability
	Extrinsic risk factors
	DIAGNOSIS

	TREATMENT
	Treatment selection
	Treatment therapy
	Systemic antibiotics selection
	Limitations of antibiotic therapy
	Hormonal, physical and supportive therapy

	HERBAL THERAPY
	Anti-microbial and anti-inflammatory potential
	Evidence from standardized herbal products
	Inflammatory therapy
	Ozone therapy
	Laboratory evidence
	Overall therapeutic evaluation

	CONTROL
	INNOVATIVE STRATEGIES AND FUTURE DIRECTIONS
	CONCLUSION
	Acknowledgment
	Ethical considerations
	References

