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Cows can spontaneously recover from postpartum endometritis. An early predictive diagnosis could
avoid unnecessary treatment of recovery cows thus limiting the emergence of antimicrobial resistance,
and provide timed treatment to persistent cases. This study first characterised the presence, proportion
and phenotype of endometrial macrophages (Me) in postpartum dairy cows (n = 173) with distinct
endometrial health status. Neutrophils (PMN) and Me counts were evaluated in Diff-Quickstained uter-
ine cytology slides at 21 and 42 days postpartum (DPP). At 21 DPP, the Mo proportion was higher in cows

Ié?", ‘;‘;:st" later recovering than in cows with persistent endometritis until 42 DPP, and the PMN:M¢ ratio was
Endometritis higher in persistent than in recovery cows. Immuno-labelling showed that at 21 DPP, recovery cows
Macrophage had higher M2 (CD163+) counts and lower M1:M2 ratio than cows with persistent endometritis, whereas
Neutrophils M1 (CD86+) counts were not different. Immuno-labelling of tissue sections from biopsy samples collected
Puerperium at 42 DPP showed that total M and M2 counts were higher in cows with persistent endometritis than in
recovery cows. In conclusion, results evidence that the persistence of endometritis is associated with a
retarded/failure of Me-driven, namely M2-driven, pro-resolving mechanisms. This suggests that
endometrial Mo content at 21 DPP shows the potential to assist in predicting the recovery or persistence

of postpartum endometritis in dairy cows, and prompts for comprehensive validation studies.
© 2025 The Authors. Published by Elsevier B.V. on behalf of The animal Consortium. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications endometritis persistence, and prompts for comprehensive valida-

tion studies.

Postpartum endometritis stands as a serious burden of the dairy
industry globally. Endometritis may show spontaneous recovery or
evolve into a subclinical persistent form. An early prognostic tool
would avoid unnecessary treatment of recovery cows and the

Introduction

Postpartum uterine disease, affecting up to 50% of high-yielding

emergence of antimicrobial resistance, and allow timed treatment
of cows prone to endometritis persistence. This study first evalu-
ates the role of endometrial macrophages in the recovery or persis-
tence of postpartum endometritis in dairy cows. Results evidence
that a lack or delay in macrophage polarisation to M2 phenotype
is associated to the persistence of endometritis. This suggests
macrophage proportion and/or phenotype as potential markers of
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dairy cows, remains a serious constraint to the dairy industry,
impairing animal health, welfare, fertility and milk production
(Bradford et al., 2015; Bromfield et al., 2015; LeBlanc, 2023). After
parturition, ascending bacterial invasion and contamination of the
uterus are unavoidable, which leads to uterine inflammation and
potential infection (Sheldon et al., 2008; Pascottini and LeBlanc,
2020). This inflammatory reaction is essential for the clearance of
pathogens and lochia, but if uncontrolled, may persist at levels that
subsequently affect fertility. Although a robust but temporary and
controlled inflammatory response is required for endometrial
repair (Gilbert and Santos, 2016; Sheldon et al., 2019), homeostasis
should be restored by 6 weeks postpartum (~ 42 days), requiring
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resolution of inflammation by this time (Baranski et al., 2012;
Gilbert and Santos, 2016). Therefore, in the pathogenesis of post-
partum uterine disease, bacterial load per se is not decisive, since
failure in host resolution mechanisms leads to uncontrolled
inflammation persisting even after elimination of pathogens, main-
taining clinical or subclinical disease (Sheldon et al., 2006; Pereira
et al,, 2022).

The inflammatory cascade initiates with the activation of pat-
tern recognition receptors on endometrial epithelial cells by bacte-
ria and damaged cells (Sheldon et al., 2017). In an ideal outcome,
this is successively followed by infiltration of plasmatic fluids
(oedema), influx of polymorphonuclear neutrophils (PMN) and
recruitment of monocytes, these inflammatory cells being
chemoattracted to the endometrium to phagocytise and kill bacte-
ria (Gilbert and Santos, 2016; Chiang and Serhan, 2017). The influx
of PMN into the uterine lumen constitutes the first and most signif-
icant component of the cellular immune response, phagocytising
bacteria and synthesising cytokines to attract other immune cells
(Mateus et al., 2002; Ahmadi et al., 2005; Kim et al., 2014), namely
monocytes (Hussen et al., 2016), which differentiate into macro-
phages (Me). After killing bacteria, PMN undergo apoptosis and
are phagocytised and removed from the uterus by Mo or by reverse
migration to the bone marrow (Pascottini and LeBlanc, 2020).

Postpartum clinical metritis and clinical endometritis are easily
diagnosed by their clinical signs, which allow for early appropriate
treatment. However, persistent subclinical endometritis without
any recognisable clinical sign frequently evolves from the clinical
forms even following appropriate therapy (Lima et al., 2014). This
form requires invasive, time-consuming and expensive procedures
for its diagnosis, and has currently no effective treatment (LeBlanc
et al,, 2002; Barlund et al., 2008). Uterine cytology, evaluating the
proportion of PMN in slides assembled from a uterine swab,
emerged as a standard technique for the diagnosis of endometritis,
named cytological endometritis, although the sampling time and
PMN cut-off are still subject to debate (Kasimanickam et al.,
2004; Johnson et al., 2015; Wagener et al., 2017; Druker et al,,
2022). Several uterine lumen swabbing techniques were described,
including various cytobrush tools, providing reliable sensitivity
and specificity, despite a lack of capacity to detect cellular infiltra-
tion in deeper layers of the endometrium (Helfrich et al., 2020).
Endometrial biopsy allows assessment of the deeper endometrial
layers (Chapwanya et al., 2010), but the sampled tissue may not
be representative of the total endometrium, and its potential
effects on pregnancy risk were pointed out (Pascottini et al., 2016).

Although the postpartum endometrial PMN populations are
well-characterised in both cytology and biopsy samples, the pres-
ence and significance of Mo remain elusive (De Boer et al., 2014;
Kusaka et al., 2020). In humans and lab species, upon differentia-
tion, non-activated (MO phenotype) Mo are activated (polarised)
either in pro-inflammatory (M1, CD86+) or anti-inflammatory
(M2, CD163+) phenotypes, contributing to tissue destruction or
regeneration, depending on functional tissue-derived signals (re-
viewed by Yao et al., 2019; Yan et al., 2024). The M1 phenotype
is typically activated by IFNy or LPS stimuli and synthetise pro-
inflammatory cytokines (TNFa, IL-18, IL-6, IL-18, IL-12), whereas
the M2 phenotype is typically activated after exposure to IL-4, IL-
10 and IL-13 and synthetise anti-inflammatory cytokines (IL-4,
IL-10, TGFB). In the cow, uterine caruncular Me phenotype was
related to placental retention (Nelli et al., 2019), but the signifi-
cance of M¢ phenotype on the development of endometritis is
unknown.

Cows with endometritis can spontaneously recover (Mateus
et al., 2002; Pereira et al., 2022), and an early predictive diagnostic
method discriminating endometritis recovery and persistence
cases could avoid unnecessary treatment of recovery cases and
the emergence of antimicrobial resistance while providing timed
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treatment to persistent cases. Diagnosis of endometritis based on
uterine cytology PMN counts has not provided useful predictive
discriminant information on the recovery or persistence nature of
inflammation. Therefore, identification of markers of endometritis
recovery/persistence would be of relevance for the management of
postpartum endometritis. Previous work (Pereira et al., 2020) iden-
tified adipokines (adiponectin and chemerin) as molecular markers
of endometritis persistence. However, this approach involves labo-
ratory analyses of blood and/or uterine fluid samples. The aim of
this study was to characterise the presence, proportion, phenotype
and potential prognostic and diagnostic value of M in endome-
trial cytology and biopsy samples in postpartum endometritis in
dairy cows. The hypothesis to be tested was that M, as relevant
cell mediators of the inflammatory resolving mechanisms, could
be associated to the path of postpartum endometritis, and emerge
as potential markers for the prediction of endometritis recovery or
persistence.

Material and methods
Study design

For this observational retrospective cohort study, the field work
was performed in a commercial 750 milking Holstein-Friesian
dairy cow herd, with thrice-a-day milking and a milk yield average
of 13 800 kg/cow at 305 days in milk. A Total Mixed Ratio adjusted
to maintenance and milk yield was distributed just before every
time cows returned from the milking parlour. First artificial insem-
ination was performed after a voluntary waiting period of 70 days.
The study comprised a follow-up from calving to 42 days postpar-
tum (DPP). In this follow-up, until 20 DPP, cows were daily moni-
tored for clinical signs of puerperal disease, including
measurement of rectal temperature, assessment of feed intake
and recording of milk yield. Every other day, the vaginal discharge
was evaluated visually using a Metricheck® device (EndoControl
Sampler, Minitube, La Selva del Camp, Spain), and twice a week,
the uterine size and tone were evaluated through palpation per rec-
tum. Cows exhibiting fetid reddish-brown vaginal discharge,
hyperthermia (> 39.5 °C) and a drop in milk yield and feed con-
sumption, associated to an enlarged uterus were diagnosed with
metritis. The mammary gland was inspected at each milking and
once a week, a milk sample of each mammary gland was evaluated
by the Californian Mastitis Test and for somatic cell count. Clinical
mastitis was diagnosed by clinical signs and Californian Mastitis
Test positivity, whereas subclinical mastitis was diagnosed by
somatic cell count > 200.000 cells/mL, in the absence of clinical
signs and Californian Mastitis Test positivity. Sampling for somatic
cell count was continued weekly until 42 DPP. Exclusion criteria
included cases of twin calving, dystocia, retention of foetal mem-
branes, metritis, mastitis (clinical and subclinical), lameness, clini-
cal metabolic disease (hypocalcemia, ketosis, displacement of
abomasum), and any other disease or any treatment arising until
20 DPP or thereafter until 42 DPP.

At 21 DPP (range 20-22 DPP), all cows not previously excluded
were submitted, sequentially and in the following order, to a vagi-
nal discharge evaluation using a Metricheck® device, scored on a
0-3 scale (Williams et al.,, 2005), an ultrasound examination
(7.5 MHz rectal probe, ExaGo, Echo Control Medical, France), an
endometrial swabbing for uterine cytology, and a uterine low-
volume flush of the previously gravid uterine horn. At 42 DPP
(range 41-43 DPP), all these procedures except the uterine low-
volume flush were repeated, which was followed by a uterine
biopsy of the previously gravid horn. At 21 DPP, cows with uterine
cytology proportion of PMN > 18% were diagnosed with
Endometritis (Kasimanickam et al., 2004; Pereira et al., 2020). At
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42 DPP, Endometritis cows with endometrial cytology PMN pro-
portion < 5% were considered to have spontaneously recovered,
whereas cows with PMN proportion > 5% were considered to have
a persistent Endometritis (Gilbert et al., 2005; Pereira et al., 2020).
A vaginal discharge with score 1-3 was considered positive. This
evaluation allowed to identify a correspondence between the pres-
ence of vaginal discharge and cytological endometritis at 21 and 42
DPP.

A total of 173 cows (68 primiparous and 105 multiparous) were
enrolled in the study and allocated into three groups of distinct
endometrial health status, including a control group Healthy (H,
n = 85; without endometritis), a group Endometritis Recovered
(E-R, n = 56) and a group Endometritis Persistent (E-P, n = 32).
In all cows, the proportion of PMN and M¢ was evaluated in uter-
ine cytology slides stained with Diff-Quick, and the PMN:Mg ratio
was calculated. To confirm the identification of M¢ in Diff-Quick
—stained slides and to evaluate Mo phenotype at 21 DPP, a subset
of cows was selected for the labelling of protein markers of total
Mo (CD68+), M1 (CD86+), and M2 (CD163+) by immunocytochem-
istry (ICC, n = 36). This also allowed to assess the agreement
between Diff-Quick staining and ICC for identifying Mo popula-
tions. A second subset of cows was selected to evaluate the protein
abundance of M¢ markers by Western Blot (WB, n = 35) in the cel-
lular pellet of the low-volume uterine flushing. This allowed to cor-
relate the counts of total Mg, M1 and M2 with the abundance of
the respective protein markers within the uterine lumen. Finally,
a larger subset of cows, including the previous subsets was
selected to evaluate the Mo content and phenotype in biopsy sam-
ples at 42 DPP by immunohistochemistry (IHC, n = 50). This
approach was chosen to identify the presence of M¢ within the
deep endometrial layers, even if their presence could no longer
be detected in the luminal compartment, therefore giving further
insight into the persistence of endometritis. Blood samples were
collected weekly, from 2 to 42 DPP, for measurements not consid-
ered in this study.

Uterine cytology

Uterine cytology was performed at corpus uteri using an
adapted cytobrush technique (Pereira et al., 2020). Each swab
was rolled along 2 microscope slides, which were sprayed with a
fixator (M-FIX®, Merck Millipore, Darmstadt, Germany), stained
with a modified Wright-Giemsa® (Diff-Quick, MAIM SL, Barcelona,
Spain) and examined using a 400X magnification in a microscope
(Olympus, BX51) by two independent technicians. Populations of
epithelial cells, PMN and M¢ were counted and their proportion
in a total of 400 cells (200 cells in each slide) was calculated. The
Mo were identified as microvacuolated cells with abundant cyto-
plasm (foamy Me).

Immunocytochemistry (ICC)

In a subset of cows (H = 12, E-R = 12, E-P = 12), three additional
cytobrush-derived slides were used to evaluate the Mo phenotype
by ICC. Fixed slides were washed in 70% ethanol solution for 2 min
to remove fixator’s polyethylene glycol, hydrated with deionised
water for 5 min, and immersed in a 3% hydrogen peroxide solution
for 15 min at room temperature to quench endogenous peroxidase
activity. After a 5 min PBS wash, slides were microwaved for 3 min
three times in an antigen unmasking solution, according to anti-
body (CD68 and CD86 - 10 mM Tris with 1 mM EDTA buffer pH
9.0; CD163 - 10 mM citrate buffer pH 6.2), left to cool to room tem-
perature, and washed 5 min in PBS. Non-specific binding was
blocked with 5% bovine serum albumin (A7906; Sigma-Aldrich),
for 1 h in a humid chamber at room temperature. Each slide was
probed either with monoclonal antibody anti-CD68 (Total M,
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1:25; monoclonal mouse anti-bovine CD68, ED1, MA5-16654,
Thermo Fisher Scientific), anti-CD86 (M1,1:50; monoclonal mouse
anti-bovine CD86, IL-A190, MCA2437GA, BioRad) and anti-CD163
(M2, 1:200; monoclonal mouse anti-bovine CD163, EDHu-1,
MCA1853, BioRad) diluted in 5% bovine serum albumin, and incu-
bated overnight at 4 °C in a humid chamber. After 3 times of PBS
washing, each for 5 min, slides were incubated with the peroxidase
conjugate polyclonal goat anti-mouse secondary antibody (1:100;
A2554, Sigma-Aldrich) for 1 h in a humid chamber at room tem-
perature. Following another 3 times PBS washing, each for 5 min,
immunoreactivity was revealed by incubation with DAB chroma-
gen, according to manufacturer instructions (ImmPACT® DAB Sub-
strate Kit, SK-4105, Vector Laboratories). Finally, slides were
counterstained with Meyers haematoxylin (Merck), dehydrated
and mounted with Entellan® (Merck). Stainings without the pri-
mary antibody and with the mouse IgG1 isotype control (02-
6100, Thermo Fisher Scientific) were used as negative controls.
Proportions of CD68, CD86 and CD163 positive cells were calcu-
lated by counting a total of 400 cells using a microscope (Olympus,
BX51).

Low-volume uterine flushing

A sample of uterine fluid was obtained by flushing the previ-
ously gravid uterine horn with PBS, using a silicone-coated latex
Foley catheter (Rusch Gold, Rusch, Perak, Malaysia), aseptically
mounted in a metal stylet and covered with a sanitary sheath.
The catheter was introduced into the proximal third of the uterine
horn, the cuff inflated, and 50 mL of sterile PBS introduced into the
uterine horn, which was subsequently massaged prior to collecting
the flush into a 50-mL centrifuge tube (Corning™ 430829). The
sample was refrigerated at 5 °C until centrifugation (2 000xg,
15 min), and the pellet was collected into 2 mL Eppendorf tubes
with 1 mL RNA Later and stored at —80 °C until assayed. The super-
natant was also collected and stored for assays not considered in
this article.

Western blot (WB) analysis of uterine fluid pellet

In a subset of cows (H =19, E-R = 11, E-P = 5), the pellet sample
was washed three times with PBS by centrifugation at 13 000xg for
5 min, to obtain total protein extract. The pellet was then resus-
pended in 1 mL of Qproteome Mammalian Protein Prep Kit
(37901, Quiagen) with protease inhibitor (A32953, Thermo Fisher
Scientific) and 1 pl of benzonase (Thermo Scientific), homogenised
on ice, and disrupted in TissueLyser II (Quiagen, Hilden, Germany)
3 cycles of 25 Hz, 30 s each, and finally centrifuged at 14 000xg for
10 min at 4 °C to recover the supernatant. The protein concentra-
tion in the supernatant fraction was measured at 595 nm in a spec-
trometer, using Bradford reagent (Bio-Rad, Hercules, CA, USA). For
SDS-PAGE, 40 ng (CD68) or 80 pg (CD163) of total protein were
mixed with Laemmli Buffer (M11701, Nzytech) (ZN112, NZYthec),
denatured at 95 °C for 8 min, cooled in ice for 5 min, then loaded
into a 8% separating polyacrylamide gel, and proteins separated
by SDS-PAGE, at a constant voltage of 75 V, for 2 h, in 1X running
buffer (25 mM Tris, 192 mM glycine, 0.1% SDS). Proteins were
transferred to 0.45 um Invitrolon™ PVDF membranes (LC2005,
Invitrogen) in transfer buffer (25 mM Tris, 192 mM glycine, 20%
methanol) at 100 V for 70 min. After blocking in blocking solution
5% non-fat milk with 0.1% Tween 20, for 2 h at room temperature,
membranes were incubated with the primary antibodies anti-
CD163 (1:1000; monoclonal mouse anti-bovine CD163, EDHu-1,
MCA1853, BioRad) and anti-CD86 (1:2000; monoclonal mouse
anti-bovine CD86, IL-A190, MCA2437GA, BioRad) diluted in block-
ing solution and incubated overnight at 4 °C. To normalise protein
load, mouse monoclonal antibody against B-actin (1:10 000,
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AB20272, Abcam) was added in each assay run. Membranes were
washed 3 times with PBS containing 0.1% Tween 20 for 5 min, then
with PBS to remove Tween 20, and incubated with secondary anti-
body (1:20 000, Goat Anti-Mouse IgG1, 1070-05, SouthernBiotech)
for 1.5 h at room temperature. To each membrane, chemilumines-
cent substrate (SuperSignal™ West Pico Plus, 34580, Thermo
Fisher Scientific) was applied for 60 s prior to imaging with a Che-
miDoc MP system and Image Lab 4.1 software XRS + (BioRad, Her-
cules, CA). Exposure time depended on antibody (CD86 - 5 min;
CD163 - 10 min; B-actin - 15 s). Anti-CD86 antibody detects the
protein isoforms of 80 kDa (Yang et al., 2022). Anti-CD163 anti-
body detects the expected protein isoforms of 130-140 kDa (data-
sheet MCA1853, BioRad). To normalise the bands on each
membrane, after subtracting the background, the total pixel counts
for CD86 or CD163 bands were divided by the respective total pixel
counts of B-actin bands, and results expressed in arbitrary densit-
ometry units.

Endometrial biopsy

The endometrial biopsy was performed in the previously preg-
nant uterine horn, following an epidural anaesthesia, using a mod-
ified Kervokian-Younge biopsy instrument (Alcyon, Paris, France),
as previously described (Pereira et al., 2020). Briefly, the sterile
biopsy instrument, guarded in a protective sheath, was introduced
into the vagina and advanced to the external cervical orifice, where
the protective sheath was ruptured. The biopsy instrument was
then guided into the first third of the uterine horn, where biopsy
jaws (length x width: 1.2 x 0.55 cm, jaws with a rounded polished
border) were opened, and an endometrial sample of about 1 cm?
was collected. The endometrial tissue was fixed in a 4%
paraformaldehyde solution and later embedded in paraffin.

Immunohistochemistry (IHC)

In a subset of biopsy samples (H = 20, E-R = 18, E-P = 12), paraf-
fin—embedded endometrial samples were serially sectioned at a
thickness of 4 pum, deparaffinised and hydrated. Quenching of
endogenous peroxidase activity, antigen retrieval and non-specific
background elimination were performed similarly to above—de-
scribed ICC procedure. Sections were incubated overnight at 4 °C
with primary antibodies anti-CD68 (1:50; monoclonal mouse
anti-bovine CD68, ED1, MA5-16654, Thermo Fisher Scientific)
and anti-CD163 (1:200, MCA1853, BioRad) diluted in PBS. Sections
were then washed 3 times in PBS for 5 min and incubated at room
temperature for 1 h, with the secondary antibody (1:100, A2554,
Sigma-Aldrich). After washing 3 times in PBS for 5 min, immunore-
activity was revealed by incubation with DAB chromagen/DAB buf-
fer at room temperature, according to manufacturer instructions
(ImmPACT® DAB Substrate Kit, SK-4105, Vector Laboratories).
Finally, the sections were counterstained with Meyers haema-
toxylin (Merck), dehydrated and mounted with Entellan® (Merck).
Sections were acquired using a microscope (Olympus, BX51)
equipped with a digital camera (Olympus, DP21). In each section,
stained cells were counted in 20 fields at 400x magnification.

Statistical analysis

The experimental unit was the cow. Data were recorded in Excel
2013 (Microsoft Corp.) spreadsheets and imported into SAS (ver-
sion 9.4, SAS Institute Inc.) for statistical analysis. ANOVA (One-
way ANOVA) (PROC GLM) was used to compare PMN, M¢ and
PMN:Meo ratio at 21 and 42 DPP between groups and used the
Tukey post hoc adjustment for multiple tests. Parity (primiparous
versus multiparous; lactation number) was included in the models
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as a fixed effect and kept if P < 0.10. Differences were considered
significant when P < 0.05, whereas a tendency was defined as
0.05 < P <0.10. The assumption of homoscedasticity was evaluated
visually using the plots of studentised residuals against predicted
values, and the assumption of normality of residuals was evaluated
using the Q-Q plots (diagnostic plots in Supplementary Figure S1).
Cohen’s kappa statistic was used to assess the agreement between
two observers in counting Me¢ in Diff-Quick—stained cytology
samples.

Spearman Correlation Coefficient (PROC CORR) was used to
determine correlations between uterine cytology Diff-Quick
—stained M¢ proportion, and CD68, CD86 and CD163 positive cells
counted in ICC, or CD86 and CD163 protein abundance detected by
WB (scatter plots in Supplementary Figure S2). A canonical dis-
criminant analysis evaluated PMN, M¢ and PMN:Me ratio at 21
DPP for a predictive model of endometritis persistence. For this
purpose, an interactive forward stepwise analysis (PROC STEPDISC)
selected the variables with discriminant capacity, and cross-
validation was conducted (PROC DISCRIM). Predictive accuracy
was also evaluated by Receiver Operating Characteristic (ROC)
curve analysis, which coordinates allowed Youden Index calcula-
tion, the determination of the optimal cut-off, odds ratio, sensitiv-
ity, specificity, positive predictive value and negative predictive
value. Given the small dataset, model calibration was assessed
using the calibration intercept and slope derived from out-of-fold
predictions obtained through 5-fold cross-validation. The dataset
was randomly partitioned into five equal-sized folds. For each iter-
ation, a logistic regression model was trained on four folds and
used to predict probabilities on the held-out fold. This process
ensured that each observation received a predicted probability
from a model that was not trained on that observation (i.e., out-
of-sample prediction). The predicted probabilities from all five iter-
ations were combined, and a secondary logistic regression was per-
formed using the logit of the predicted probabilities as the sole
predictor of the observed outcome.

To determine the required number of cows to include in the
subsets, a power analysis was performed posthoc based on previ-
ous work, in which a CV of 92% was obtained when comparing
the means of M¢ proportions in cytology samples of endometritis
cows with spontaneous recovery or persistent inflammation. In the
present study, a difference of 78% between means was observed,
indicating that a difference of at least 78% is expected between
these two groups of cows. The following formula was applied, con-
sidering a Student’s t-value of 2.0 (P = 0.05): n = 2t? x (CV)? +-
difference%2. This analysis indicated a minimum of 11 cows per
group. This was considered for the cow subsets for ICC and IHC.
However, there was no previous knowledge on the CV between
groups, of the protein abundance of M¢ markers; therefore, the
same number determined for ICC and IHC was chosen. In the
cow subset for WB, the number of E-P cows was 5, probably result-
ing in an underpowered analysis for the comparison of group
means of protein abundance.

Results
Postpartum endometritis prevalence

At 21 DPP, cows without previous puerperal disease (n = 173)
had an endometritis prevalence of 51% (88/173). In these 88
Endometritis cows, the spontaneous recovery between 21 and 42
DPP was 64% (56/88; Endometritis Recovered cows; E-R cows),
whereas in 32 cases (36%), inflammation persisted until 42 DPP
(Endometritis Persistent cows; E-P cows). In 85 cows (49%), no
cytological endometritis was detected at both 21 and 42 DPP
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(Healthy cows; H cows). Apart from the 173 enrolled cows, during
the follow-up, three cows without previous puerperal disease and
without endometritis at 21 DPP presented endometritis at 42 DPP.
These three cows were excluded from the study.

At 21 DPP, a score 1-3 vaginal discharge was observed in 25%
(8/32) of E-P cows and in 4% (2/56) of E-R cows. Interestingly, at
21 DPP, also 4% (3/85) of H cows showed score 1-2 vaginal dis-
charge, although with very low PMN counts (~ 1%), potentially
reflecting vaginitis or remains of lochia still present in the vagina.
In all remaining cows (160/173, 93%), vaginal discharge was either
absent or of score 0. Therefore, at 21 DPP, most Endometritis cows
(78/88, 89%) presented only a cytological (subclinical) form. At 42
DPP, in all 173 cows, vaginal discharge was either absent or of
score 0. Therefore, all 32 E-P cows presented a cytological (subclin-
ical) form of the disease.

The fixed effect of parity, either as primiparous versus multi-
parous (0.627 < P < 0.150) or as lactation number
(0.992 < P < 0.1476), was not significant in any model, so it was
excluded from all analyses.

Endometrial cytological findings

Fig. 1 illustrates representative images of Diff-Quick—stained
uterine cytology slides of cows allocated to groups with distinct
endometrial health status, at 21 and 42 DPP. The proportion of
PMN in uterine cytology slides naturally reflects the retrospective
allocation of cows to endometrial health status groups, based on

PMN cut-off values (Table 1). Of interest, at 21 DPP, PMN propor-
tion was higher (P < 0.01) in E-P than in E-R cows. At 42 DPP, E-

21 DPP 42 DPP
3% N

-
N CJ ) 2

20um

2

Sos

%

20pm
=S

Fig. 1. Representative images of cytological findings in cows with distinct
endometrial health status at 21 and 42 DPP (400x). Images were acquired using a
microscope (Olympus, BX51) equipped with a digital camera (Olympus, DP21).
Healthy (H) cows - mostly epithelial cells and low PMN and Me counts;
Endometritis recovered (E-R) cows - high PMN and Me¢ counts at 21 DPP, but
low counts at 42 DPP; Endometritis Persistent (E-P) cows - high PMN and low Mo
counts at 21 DPP, but still high PMN counts at 42 DPP. Abbreviations: DPP = days
postpartum; PMN = polymorphonuclear neutrophils; Mo = macrophages. * points
to PMN; 1 points to Me.
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Table 1

Uterine cytological findings of cows with distinct uterine health status.
Groups H E-R E-P
n 85 56 32
PMN 21 DPP (%) 34 +1.5°% 325+ 1.9 432 +2.5
PMN 42 DPP (%) 1.4 +0.7% 14+09% 124+1.2°
Mo 21 DPP (%) 24 +04** 5.4 +0.5 PX 14+06°
Mo 42 DPP (%) 0.7+0.1% 08 +0.2 % 15+02°
PMN:M¢ 21 DPP 46+45° 13.1+55° 63.0 £ 7.3 PX
PMN:M¢ 42 DPP 33+09° 29+1.1° 163 +1.5°

Abbreviations: DPP = days postpartum; PMN = polymorphonuclear neutrophils;
Me = macrophages; values are Mean + SEM, except otherwise stated; values with
different superscripts differ significantly (between columns within a row:
P < 0.05; between rows within a column: *¥ P < 0.05). Groups: H = Healthy; E-R =
Endometritis Recovered; E-P = Endometritis Persistent.

P cows still showed high PMN proportion (12.4%), whereas this
proportion was lower than 2% in H and E-R cows.

At 21 DPP, the proportion of M was higher (P <0.0001) in E-
R than in H and E-P cows. In contrast, at 42 DPP, the proportion
of M¢ was higher (P < 0.05) in E-P than in H and E-R cows. At
both 21 and 42 DPP, the PMN:Mg ratio was higher in E-P than
in H (P < 0.0001) and E-R (P < 0.001) cows. There was a strong
agreement between the two technicians on the identification of
Mo in Diff-Quick—stained slides at 21 DPP (Cohen’s
Kappa = 0.853; P < 0.001) and 42 DPP (Cohen’s Kappa = 0.892;
P < 0.001).

Regarding the Diff-Quick—stained slides, the intra-assay agree-
ment for PMN counts (in twin slides) showed a CV = 8.6%
(r=0.993; P < 0.0001). The intra-assay agreement for Macrophage
counts (in twin slides) showed a CV = 9.9% (r = 0.979; P < 0.0001).
An inter-assay agreement for Diff-Quick-stained slides was not
available as all slides were only observed in the sampling day by
the two technicians.

The discriminant analysis showed that M at 21 DPP was able
to differentiate between persistence and recovery of endometritis.
Fig. 2 represents the ROC analysis of M at 21 DPP, to discriminate
cows with persistent endometritis at 42 DPP. This ROC analysis
showed that Endometritis cows with a M proportion below
3.5% at 21 DPP had a higher risk of persistent endometritis by 42
DPP (Area under the curve = 0.9023; P < 0.001; Sensitivity = 0.97,
Specificity = 0.71, Positive predictive value = 0.66, Negative predic-
tive value = 0.98).

Calibration assessment based on out-of-fold predictions
revealed an intercept of -0.0336 and a calibration slope of
0.8579. The intercept, being close to zero, indicates that the
model does not systematically over- or underpredict across the
probability range. The slope, ideally equal to 1 in a perfectly cal-
ibrated model, was slightly below this ideal. This suggests that
the model’s predicted probabilities were slightly under-
confident. The calibration plot is shown in Supplementary
Figure S3.

Macrophage immunocytochemistry (ICC) at 21 days postpartum

Representative images of ICC—stained Mo are illustrated in
Fig. 3, and Table 2 shows the Spearman correlations between
Diff-Quick and ICC—stained M¢ at 21 and 42 DPP. Diff-Quick and
ICC staining of total Me showed a strong correlation at 21 DPP
(r = 0.966; P < 0.0001) and 42 DPP (r = 0.911; P < 0.0001). At 21
DPP, Diff-Quick and ICC staining showed a strong correlation for
M2 (r = 0.851; P < 0.0001) but only moderate (r = 0.522;
P < 0.05) for M1. The M1 proportion was similar in the three
groups, whereas the M2 proportion was higher (P < 0.01) in E-R
than in H and E-P cows. The M1:M2 ratio was higher (P < 0.01)
in E-P than in H and E-R cows (Fig. 4).
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Fig. 2. Receiver Operating Characteristic (ROC) curve analysis of M proportion at
21 days postpartum to discriminate cows with persistent endometritis at 42 days
postpartum: Endometritis cows with macrophages proportion below 3.5% at
21 days postpartum had a higher risk of persistent endometritis by 42 days
postpartum (Area under the curve = 0.9023; P < 0.001; Sensitivity = 0.97,
Specificity = 0.71, Positive predictive value = 0.66, Negative predictive value = 0.98).

Immunohistochemistry (IHC) macrophage detection in biopsy-derived
endometrial tissue at 42 days postpartum

Histological analysis (haematoxylin-eosin staining) of endome-
trial samples collected through a biopsy of the previously gravid
uterine horn at 42 DPP did not show any distinctive gross differ-
ences between the three groups of cows, namely in the infiltration
of inflammatory cells in the endometrial layers. Regarding the
endometrial infiltration of total M and M2, Fig. 5A shows repre-
sentative images of IHC labelled Mo in endometrial tissue at 42
DPP. The counts of total Me and M2 were higher in E-P than in
E-R cows (P < 0.05) (Fig. 5B), although only low counts were pre-
sent in the endometrial layers at this postpartum time.

Western blot (WB) analysis of macrophage phenotype protein markers

Densitometry analysis (Fig. 6A and B; Supplementary Figures S4
and S5) showed that whereas CD86 (M1 phenotype) protein abun-
dance was similar in the three groups, CD163 (M2 phenotype) pro-
tein bands had higher intensity (P < 0.05) in E-R than in H and E-P
cows. An inter-assay agreement of CV = 14.9% (r = 0.991;
P < 0.0001) was determined by running samples in more than
one membrane, but an intra-assay agreement was not possible as
samples were not repeated in the same membrane.

Discussion

This study firstly evaluated the presence, proportion, phenotype
and potential prognostic and diagnostic value of M populations
identified in endometrial samples of postpartum dairy cows with
distinct uterine health status, and namely the M¢ relevance for
the recovery or persistence of endometritis.
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The observed prevalence of postpartum endometritis (51%) is
in accordance with data reported in the literature for high-
yielding postpartum dairy cows (LeBlanc, 2008; Baranski et al.,
2012; Pérez-Baez et al., 2021), without differences between
primiparous and multiparous cows (Galvao et al., 2011; Cheong
et al., 2011). Most Endometritis cows showed a subclinical (only
cytological) form of the disease, without a positive vaginal dis-
charge score, as also reported by others (Salah and Yimer,
2017; Kusaka et al., 2022). This accounted for 89% of Endometri-
tis cows at 21 DPP and for 100% of cows with persistent
endometritis at 42 DPP. In Endometritis cows, without any treat-
ment, spontaneous recovery of endometrial PMN counts to phys-
iological values occurred in 64% of cows by 42 DPP. This indicates
that a large proportion of Endometritis cows is apparently able to
resolve endometrial inflammation, and any treatment is poten-
tially unnecessary. In fact, assessment of postpartum endometri-
tis treatments, either with prostaglandin F2alpha or cephapirin,
revealed inconsistent results (Haimerl et al., 2013; Baranski
etal., 2022). However, as evidenced by Pereira et al. (2022), com-
pared to healthy cows, Endometritis cows that exhibit endome-
trial histological recovery by 42 DPP still have differential
endometrial transcription of genes at this stage, especially those
related to cell adhesion and IFN-dependent or IFN-stimulated
genes, and this may be potentially responsible for carry over
effects in reproductive performance.

The postpartum PMN influx into the endometrium is essential
for bacterial clearance. However, puerperal PMN phagocytic
activity is impaired (Mateus et al., 2002), and circulating PMN
of transition cows are often exposed to high concentrations of
lipid- and inflammation-derived metabolites. This might influ-
ence the function of these immune cells before they reach the
uterine lumen (Leblanc, 2020; Pascottini et al., 2023). Such an
effect could be detrimental to recovery as the rapid resolution
of inflammation requires a strong initial recruitment of inflam-
matory cells into the uterus (Gilbert and Santos, 2016). In the
present study, uterine cytology PMN proportions were higher
in E-P than in E-R cows at 21 and 42 DPP, which support the con-
cept that persistence of endometritis is not caused by a
decreased influx of PMN into the uterus, but potentially by the
presence of less functional PMN, contributing to an impaired
inflammatory response.

Macrophages are major actors involved in the inflammatory
response. However, the presence and relevance of M¢ popula-
tions in the persistence of cow postpartum uterine inflammation
were unknown (Oruc et al., 2015; Kusaka et al., 2020; Cengiz
et al,, 2021). Results of this study showed that E-R cows had
higher M¢ proportions in uterine cytology-stained slides at 21
DPP than H and E-P cows. This evidences that the spontaneous
recovery is associated with an early endometrial M¢ influx. In
contrast, in E-P cows, early Mo recruitment to the uterus was
impaired, which potentially resulted in failure of inflammatory
pro-resolving mechanisms. In H cows, the low proportion of
Mo at 21 DPP may be due to the low intensity of inflammatory
stimuli or to an earlier Mo recruitment response, i.e. before the
sampling time point used in the present study. A decrease of
Mo between 21 and 42 DPP was observed in both H and E-R
cows, coincident with a time associated to endometrial recovery
from inflammation (Dadarwal et al., 2019). The above results evi-
dence that uterine cytology—derived M¢ counts at 21 DPP can
potentially assist in predicting the persistence or recovery from
endometritis at 42 DPP.

The PMN:Me ratio at 21 DPP was higher in E-P than in E-R
cows, suggesting that chemotaxis of PMN and M¢ was unbalanced
and contributed to impair the pro-resolving response (Foley et al.,
2012). In early postpartum healthy cows, there is a switch from a
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Fig. 3. Representative images of immunocytochemistry in uterine cytology smears of total macrophages (CD68+) and of the M1 (CD86+) and M2 (CD163+) phenotypes of
cows with distinct health status, at 21 days postpartum (400x; last row - 1 000x). Images were acquired using a microscope (Olympus, BX51) equipped with a digital camera
(Olympus, DP21). Labelled macrophages: CD68+ (1), CD86+ (#) and CD163+ (*). Cow groups: H - Healthy; E-R - Endometritis Recovered by 42 days postpartum; E-P -

Endometritis Persistent by 42 days postpartum.

Table 2

Spearman’s correlations between uterine cytology smears’ macrophage counts observed in Diff-Quick staining and immunocytochemistry (with CD68, CD163 and CD86) at 21

and 42 DPP in postpartum dairy cows.

Item Diff-Quick 21DPP CD68+ 21DPP CD86+ 21DPP CD163+ 21DPP Diff-Quick CD68+ 42DPP
42DPP
Diff-Quick 21DPP - 0.966 *** 0.522 * 0.851 *** —-0.033 0.006
CD68+ 21DPP - 0.615 ** 0.851 *** 0.180 0.237
CD86+ 21DPP 0.196 0.524 0.440
CD163+ 21DPP - -0.305 -0.313
Diff-Quick 42DPP - 0.9171***

*P < 0.05 **P < 0.01 and ***P < 0.001.

Abbreviations: CD68+ cells = total macrophages (M¢); CD86+ cells = M of phenotype M1; CD163+ cells = Mo of phenotype M2; DPP = days postpartum.

pro-inflammatory to an anti-inflammatory pro-resolving gene
expression profile and cytokine production (Kasimanickam et al.,
2013; Bradford et al., 2015; Dadarwal et al., 2019). This shift seems
to occur later in E-P cows, explaining the presence of PMN, Mg and
the high PMN:Mg ratio at 42 DPP, and suggesting that a delayed
pro-resolving process remains still active at this later stage.

In the Diff-Quik staining session runs, variations in sample qual-
ity, potential staining duration and reagent consistency could have
contributed to systematic non-differential misclassification bias.
Lee et al. (2018) reported that, at 4 weeks postpartum and using
a 14% PMN threshold in endometrial cytology, the sensitivity and
specificity of PMN count for the classification of endometritis were
31.3 and 81.7%, respectively. Druker et al. (2022) reported a sensi-

tivity of 42% and a specificity of 68.6% when using a 4% PMN
threshold at 30-40 days in milk, based on pregnancy risk at 180
DIM. Therefore, the Diff-Quick counts were the greatest bias con-
cern for systematic non-differential misclassification of endometri-
tis cows. However, these risks were mitigated through the
implementation of standardised protocols for sample collection,
staining and slide preparation, along with comprehensive rater
training prior to the start of the study. Also, as a qualitative bias
assessment, such misclassification typically biases results towards
the null, potentially underestimating true differences. However,
due to the dependence of PMN and macrophage counts in endome-
trial cytology, the possibility of bias in either direction cannot be
excluded (Dohoo, 2014).
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Fig. 4. Characterisation of macrophage (M) phenotype by immunocytochemistry (ICC) of uterine cytology slides of cows with distinct uterine health status at 21 days
postpartum: H - Healthy; E-R - Endometritis Recovered; E-P - Endometritis Persistent. Proportions of M M1 phenotype (A), Mo M2 phenotype (B) and M1:M2 ratio (C).

Different letters indicate a significant difference at P < 0.05.

Identification of M¢ populations in uterine cytology Diff-Quick
—stained slides was based on morphology, and therefore, only
foamy Mo were counted. To confirm Me identification and evalu-
ate Mo phenotype, ICC was also performed in uterine cytology
slides using M¢ protein markers. Total M¢ counts in Diff-Quick—
and ICC-stained slides were strongly correlated at 21 and 42
DPP, illustrating that Diff-Quick staining is an accurate technique
to determine M¢ counts, and these cells can be evaluated together
with PMN in routine uterine cytology procedures. The ICC labelling
allowed for the differentiation between M1 and M2 phenotypes. A
strong correlation was also found between Diff-Quick— and ICC
—stained M2 at 21 and 42 DPP, but these correlations were only
moderate, although significant, with M1 cells. The pro-resolution
M2 phenotype has a “foamy” morphology, extended cytoplasm,
higher nucleocytoplasmic ratio and is larger than the pro-
inflammatory M1 phenotype (Ehmedah et al., 2019 ; Lerouge
et al., 2023). Therefore, Diff-Quick staining is probably more effi-
cient in the identification of phenotype M2 than M1.

At 21 DPP, E-R cows showed higher M2 proportions than H and
E-P cows, and E-P cows presented a higher M1:M2 ratio than H and
E-R cows. As the M2 phenotype is actively involved in inflamma-
tory pro-resolution mechanisms, a lack of polarisation into the
M2 phenotype or an excessive polarisation towards the pro-
inflammatory M1 phenotype in early postpartum could predispose
to persistence of inflammation. The M2 phenotype is activated fol-
lowing an inflammatory stimulus (e.g. bacteria, PMN, damaged
cell, etc.), generating pro-resolution lipid metabolites and vacuoles
(Grajchen et al., 2018).

Swabbing for uterine cytology is usually obtained from corpus
uteri and concerns were raised that immune cells’ distribution might
not be representative of the whole uterus (Pascottini et al., 2016). The
pellet of uterine fluid collected through a low-volume flushing of the
previously gravid uterine horn provides a representative sample of
cells/protein of the postpartum uterus. Therefore, the protein content
of CD86 (M1) and CD163 (M2) was evaluated through WB analysis.
Although this analysis was underpowered due to a lower representa-
tion of E-P cows, densitometry analysis showed that E-R cows had
CD163 bands with higher intensity than bands from H and E-P cows.
These findings give further evidence that the abundance of the anti-
inflammatory macrophage phenotype M2 seems to be crucial to the
resolution of uterine inflammation.

The Mo counts in uterine cytology samples at 42 DPP were
low. However, uterine cytology does not allow evaluation of
immune cell population dynamics in deeper layers of the endo-
metrium. To evaluate M presence and phenotype within the
endometrium at 42 DPP, biopsy-derived sections were processed
for IHC. The counts of M2 were higher in E-P than in E-R cows,
denoting a later presence of M¢ in the endometrium and a
delayed pro-resolving path, associated with the persistence of
endometritis.

In conclusion, this is a foundational study on the role of
macrophages on the spontaneous resolution or persistence of
endometritis in postpartum dairy cows. Results evidence that
an early postpartum endometrial influx of macrophages is asso-
ciated to recovery, whereas an absent or late influx is associated
to persistence of endometritis. Results also evidence a link
between endometrial macrophage phenotype and recovery or
persistence of endometritis. A predominant M2 phenotype
favours recovery, whereas a high M1:M2 ratio favours persis-
tence, suggesting a link between an absent or delayed macro-
phage polarisation and persistence of inflammation. These
results prompt for studies to unveil the macrophage-driven
pro-resolving mechanisms at the cellular and molecular levels
and their interaction with other players of uterine inflammation.
In cows with endometritis at 21 DPP, the proportion of M¢ in
uterine cytology Diff-Quick—stained slides was able to discrimi-
nate between cows that spontaneously recovered and those
where endometritis persisted until 42 DPP. However, further
studies are needed to validate the role of Mo and the phenotype
M2 as markers of postpartum endometritis recovery or persis-
tence, considering large-scale evaluations in different produc-
tion systems, cow breeds and climatic conditions. This could be
of high relevance for therapeutic decision-making at diagnosis
of endometritis (21 DPP), avoiding unnecessary antibiotic treat-
ment and emergence of antimicrobial resistance, or allowing
immediate treatment of cows prone to persistence of endometri-
tis. Although routine Diff-Quick—stained uterine cytology slides
were equally suitable for the counting of PMN and macrophages,
identifying these latter cells requires some training. Therefore, it
is important to standardise macrophage evaluation, enabling the
training of veterinarians to perform this evaluation across multi-
ple farms worldwide.
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Fig. 5. A - Representative photomicrographs of immunohistochemistry (IHC) labelled total macrophages (M¢g; CD68+) and M2 phenotype (CD163+) in endometrial sections
from biopsies of cows with distinct uterine health status (400x; last row — 1 000x). Images were acquired using a microscope (Olympus, BX51) equipped with a digital camera

(Olympus, DP21). Labelled M¢ CD68+ (1) and M2 CD163+ (*) phenotype. B - IHC counts of total Mo (I) and M2 (II) at 42 days postpartum. Different letters indicate a
significant difference at P < 0.05. Cow groups: H - Healthy; E-R - Endometritis Recovered; E-P - Endometritis Persistent.
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Fig. 6. A - Western blot (WB) analysis of cellular pellet of low-volume flushing of uterine fluid (I-III). WB protein abundance analysis: macrophage phenotype M1 (CD86+) (I),
macrophage phenotype M2 (CD163+) (II) and M1:M2 ratio (III); different letters (a,b) indicate a significant difference at P < 0.05. B - Representative blots from groups of cows:
H (Healthy; lanes 1-3), E-R (Endometritis Recovered; lanes 4-6) and E-P (Endometritis Persistent; lanes 7-8). Upper row - CD86 (total macrophages); lower row - CD163
(M2 macrophages). Image acquisition with ChemiDoc MP system and Image Lab 4.1 software XRS + (BioRad, Hercules, CA). Original WB in Supplementary Figure S4 (I-IV) and

S5 (I-11).

Supplementary material
Supplementary Material for this article (https://doi.org/10.

1016/j.animal.2025.101581) can be found at the foot of the online
page, in the Appendix section.

Ethics approval

The project was approved by the Institutional Animal Care and
Use Committee (CEIE: Comissdo de Etica para a Investigacio e

10

Ensino, Lisboa, Portugal; Reference CEIE n°36/2020). All clinical
procedures were conducted in compliance with the European
Union legislation to use animals for experimental purposes (Direc-
tive 2010/63/UE).

Data and model availability statement

The data/models were not deposited in an official repository.
Information can be made available from the authors upon
request.


https://doi.org/10.1016/j.animal.2025.101581
https://doi.org/10.1016/j.animal.2025.101581

C. Anastdcio, G. Pereira, E. Silva et al.

Declaration of Generative Al and Al-assisted technologies in the
writing process

During the preparation of this work the author(s) did not use
any Al and Al-assisted technologies.

Author ORCIDs

C. Anastacio: https://orcid.org/0000-0002-9012-9232.

G. Pereira: https://orcid.org/0000-0003-3533-6893.

E. Silva: https://orcid.org/0000-0002-2332-7642.

R. Bexiga: https://orcid.org/0000-0002-2524-9887.

L. Capela: https://orcid.org/0000-0003-2528-097X.

J. Dupont: https://orcid.org/0000-0002-8046-7705.

P. Humblot: https://orcid.org/0000-0002-5292-1798.

L. Lopes-da-Costa: https://orcid.org/0000-0001-5165-3034.

CRediT authorship contribution statement

C. Anastacio: Writing - review & editing, Writing - original
draft, Visualisation, Validation, Methodology, Investigation, Con-
ceptualisation. G. Pereira: Writing - review & editing, Writing -
original draft, Visualisation, Validation, Methodology, Investiga-
tion, Conceptualisation. E. Silva: Writing - review & editing, Writ-
ing - original draft, Visualisation, Validation, Supervision, Project
administration, Methodology, Investigation, Conceptualisation. R.
Bexiga: Writing - review & editing, Visualisation, Methodology,
Investigation, Conceptualisation. L. Capela: Writing - review &
editing, Visualisation, Methodology, Investigation, Conceptualisa-
tion. J. Dupont: Writing - review & editing, Writing - original
draft, Visualisation, Validation, Formal analysis, Data curation,
Conceptualisation. P. Humblot: Writing - review & editing, Writ-
ing - original draft, Visualisation, Validation, Formal analysis, Data
curation, Conceptualisation. L. Lopes-da-Costa: Writing — review &
editing, Writing - original draft, Visualisation, Validation, Supervi-
sion, Resources, Project administration, Methodology, Investiga-
tion, Funding acquisition, Formal analysis, Data curation,
Conceptualisation.

Declaration of interest
None.
Acknowledgements

The authors thank Bardo and Bardo Lda for providing facilities
for this study and their assistance with animal handling and care.

Financial support statement

This work was supported by Fundacdo para a Ciéncia e a Tec-
nologia (FCT) (Project PTDC/CVT-CVT/6932/2020); Centro de Inves-
tigacdo Interdisciplinar em Sanidade Animal (CIISA) (Project
UIDB/00276/2020); and Associate Laboratory for Animal and
Veterinary Science (Project LA/P/0059/2020 - AL4AnimalS). FCT
funded Catarina Anasticio (UI/BD/153069/2022), Elisabete Silva
(https://doi.org/10.54499/CEECINST/00140/2021/CP2807/CT0001)
and Luis Capela (SFRH/BD/148804/2019).

References

Ahmadi, M.R,, Tafti, A.K.,, Nazifi, S., Ghaisari, H.R., 2005. The comparative evaluation
of uterine and cervical mucosa cytology with endometrial histopathology in
cows. Comparative Clinical Pathology 14, 90-94. https://doi.org/10.1007/
s00580-005-0565-3.

11

Animal 19 (2025) 101581

Baranfiski, W., Podhalicz-Dziegielewska, M., Zdunczyk, S., Janowski, T., 2012. The
diagnosis and prevalence of subclinical endometritis in cows evaluated by
different cytologic thresholds. Theriogenology 78, 1939-1947. https://doi.org/
10.1016/j.theriogenology.2012.07.018.

Baraiiski, W., Baryczka, A., Zdunczyk, S., Tobolski, D., Janowski, T., 2022. Prevalence
of subclinical endometritis in dairy cows that recovered after treatment of
clinical endometritis with cephapirin and PGF2o. Theriogenology 192, 166-
171. https://doi.org/10.1016/j.theriogenology.2022.08.031.

Barlund, C.S., Carruthers, T.D., Waldner, C.L., Palmer, C.W., 2008. A comparison of
diagnostic techniques for postpartum endometritis in dairy cattle.
Theriogenology 69, 714-723. https://doi.org/10.1016/j.
theriogenology.2007.12.005.

Bradford, B.J., Yuan, K., Farney, ].K., Mamedova, LK., Carpenter, AJ., 2015. Invited
review: Inflammation during the transition to lactation: New adventures with
an old flame. Journal of Dairy Science 98, 6631-6650. https://doi.org/10.3168/
jds.2015-9683.

Bromfield, ].J., Santos, J.E., Block, J., Williams, R.S., Sheldon, .M., 2015. Physiology
and endocrinology symposium: uterine infection: linking infection and innate
immunity with infertility in the high-producing dairy cow. Journal of Animal
Science 93, 2021-2033. https://doi.org/10.2527/jas.2014-8496.

Cengiz, M., Altun, S., Comakli, S., Cengiz, S., Hayirli, A., 2021. A reliable method using
the cytobrush for diagnosis of subclinical endometritis in dairy cattle during the
late lactational period. Animal Reproduction Science 235, 106891. https://doi.
org/10.1016/j.anireprosci.2021.106891.

Chapwanya, A., Meade, K.G., Narciandi, F., Stanley, P., Mee, ].F., Doherty, M.L.,
Callanan, ]J., O’Farrelly, C., 2010. Endometrial biopsy: a valuable clinical and
research tool in bovine reproduction. Theriogenology 73, 988-994. https://doi.
org/10.1016/j.theriogenology.2009.11.015.

Cheong, S.H., Nydam, D.V., Galvao, K.N., Crosier, B.M., Gilbert, R.0., 2011. Cow-level
and herd-level risk factors for subclinical endometritis in lactating Holstein
cows. Journal of Dairy Science 94, 762-770. https://doi.org/10.3168/jds.2010-
34309.

Chiang, N., Serhan, C.N., 2017. Structural elucidation and physiologic functions of
specialized pro-resolving mediators and their receptors. Molecular Aspects of
Medicine 58, 114-129. https://doi.org/10.1016/j.mam.2017.03.005.

Dadarwal, D., Gonzilez-Cano, P., Dickinson, R., Griebel, P., Palmer, C.W., 2019.
Characterization of cytokine gene expression in uterine cytobrush samples of
non-endometritic versus endometritic postpartum dairy cows. Theriogenology
126, 128-139. https://doi.org/10.1016/j.theriogenology.2018.12.011.

De Boer, M.W., LeBlanc, S.J., Dubuc, J., Meier, S., Heuwieser, W., Arlt, S., Gilbert, R.O.,
McDougall, S., 2014. Invited review: Systematic review of diagnostic tests for
reproductive-tract infection and inflammation in dairy cows. Journal of Dairy
Science 97, 3983-3999. https://doi.org/10.3168/jds.2013-7450.

Dohoo, LR, 2014. Bias - is it a problem, and what should we do? Preventive
Veterinary Medicine 113, 331-337. https://doi.org/10.1016/j.
prevetmed.2013.10.008.

Druker, S.A., Sicsic, R, Van Straten, M., Goshen, T., Kedmi, M., Raz, T., 2022.
Cytological endometritis diagnosis in primiparous versus multiparous dairy
cows. Journal of Dairy Science 105, 665-683. https://doi.org/10.3168/jds.2020-
20064.

Ehmedah, A., Nedeljkovic, P., Dacic, S., Repac, ]., Pavlovic, B.D., Vucevic, D., Pekovic,
S., Nedeljkovic, B.B., 2019. Vitamin B complex treatment attenuates local
inflammation after peripheral nerve injury. Molecules 24, 4615. https://doi.org/
10.3390/molecules24244615.

Foley, C., Chapwanya, A., Creevey, CJ. Narciandi, F., Morris, D., Kenny, E.M.,
Cormican, P., Callanan, .J., O’Farrelly, C., Meade, K.G., 2012. Global endometrial
transcriptomic profiling: transient immune activation precedes tissue
proliferation and repair in healthy beef cows. BMC Genomics 13, 1-13.
https://doi.org/10.1186/1471-2164-13-489.

Galvdo, K.N., Santos, N.R., Galvdo, ].S., Gilbert, R.0., 2011. Association between
endometritis and endometrial cytokine expression in postpartum Holstein
Ccows. Theriogenology 76, 290-299. https://doi.org/10.1016/j.
theriogenology.2011.02.006.

Gilbert, R.O., Santos, N.R., 2016. Dynamics of postpartum endometrial cytology and
bacteriology and their relationship to fertility in dairy cows. Theriogenology 85,
1367-1374. https://doi.org/10.1016/j.theriogenology.2015.10.045.

Gilbert, R.O., Shin, S.T., Guard, C.L., Erb, H.N., Frajblat, M., 2005. Prevalence of
endometritis and its effects on reproductive performance of dairy cows.
Theriogenology 64, 1879-1888. https://doi.org/10.1016/j.
theriogenology.2005.04.022.

Grajchen, E., Hendriks, J.J.A., Bogie, J.F.]., 2018. The physiology of foamy phagocytes
in multiple sclerosis. Acta Neuropathologica Communications 6, 124. https://
doi.org/10.1186/s40478-018-0628-8.

Haimerl, P., Heuwieser, W., Arlt, S., 2013. Therapy of bovine endometritis with
prostaglandin F2oi: a meta-analysis. Journal of Dairy Science 96, 2973-2987.
https://doi.org/10.3168/jds.2012-6154.

Helfrich, A.L., Reichenbach, H.D., Meyerholz, M.M., Schoon, H.A., Arnold, GJ.,
Frohlich, T., Weber, F., Zerbe, H., 2020. Novel sampling procedure to
characterize bovine subclinical endometritis by uterine secretions and tissue.
Theriogenology 141, 186-196. https://doi.org/10.1016/j.
theriogenology.2019.09.016.

Hussen, J., Koy, M., Petzl, W., Schuberth, H.J., 2016. Neutrophil degranulation
differentially modulates phenotype and function of bovine monocyte subsets.
Innate Immunity 22, 124-137. https://doi.org/10.1177/1753425915620911.

Johnson, H., Torres, C.G., Carvallo, F., Duchens, M., Peralta, 0.A., 2015. Endometrial
expression of selected transcripts in postpartum of primiparous Holstein cows


https://orcid.org/0000-0002-9012-9232
https://orcid.org/0000-0003-3533-6893
https://orcid.org/0000-0002-2332-7642
https://orcid.org/0000-0002-2524-9887
https://orcid.org/0000-0003-2528-097X
https://orcid.org/0000-0002-8046-7705
https://orcid.org/0000-0002-5292-1798
https://orcid.org/0000-0001-5165-3034
https://doi.org/10.54499/CEECINST/00140/2021/CP2807/CT0001
https://doi.org/10.1007/s00580-005-0565-3
https://doi.org/10.1007/s00580-005-0565-3
https://doi.org/10.1016/j.theriogenology.2012.07.018
https://doi.org/10.1016/j.theriogenology.2012.07.018
https://doi.org/10.1016/j.theriogenology.2022.08.031
https://doi.org/10.1016/j.theriogenology.2007.12.005
https://doi.org/10.1016/j.theriogenology.2007.12.005
https://doi.org/10.3168/jds.2015-9683
https://doi.org/10.3168/jds.2015-9683
https://doi.org/10.2527/jas.2014-8496
https://doi.org/10.1016/j.anireprosci.2021.106891
https://doi.org/10.1016/j.anireprosci.2021.106891
https://doi.org/10.1016/j.theriogenology.2009.11.015
https://doi.org/10.1016/j.theriogenology.2009.11.015
https://doi.org/10.3168/jds.2010-3439
https://doi.org/10.3168/jds.2010-3439
https://doi.org/10.1016/j.mam.2017.03.005
https://doi.org/10.1016/j.theriogenology.2018.12.011
https://doi.org/10.3168/jds.2013-7450
https://doi.org/10.1016/j.prevetmed.2013.10.008
https://doi.org/10.1016/j.prevetmed.2013.10.008
https://doi.org/10.3168/jds.2020-20064
https://doi.org/10.3168/jds.2020-20064
https://doi.org/10.3390/molecules24244615
https://doi.org/10.3390/molecules24244615
https://doi.org/10.1186/1471-2164-13-489
https://doi.org/10.1016/j.theriogenology.2011.02.006
https://doi.org/10.1016/j.theriogenology.2011.02.006
https://doi.org/10.1016/j.theriogenology.2015.10.045
https://doi.org/10.1016/j.theriogenology.2005.04.022
https://doi.org/10.1016/j.theriogenology.2005.04.022
https://doi.org/10.1186/s40478-018-0628-8
https://doi.org/10.1186/s40478-018-0628-8
https://doi.org/10.3168/jds.2012-6154
https://doi.org/10.1016/j.theriogenology.2019.09.016
https://doi.org/10.1016/j.theriogenology.2019.09.016
https://doi.org/10.1177/1753425915620911

C. Anastdcio, G. Pereira, E. Silva et al.

with clinical and subclinical endometritis. Animal Reproduction Science 156,
34-39. https://doi.org/10.1016/j.anireprosci.2015.02.007.

Kasimanickam, R., Duffield, T.F., Foster, R.A., Gartley, CJ., Leslie, K.E., Walton, ].S.,
Johnson, W.H., 2004. Endometrial cytology and ultrasonography for the
detection of subclinical endometritis in postpartum dairy cows.
Theriogenology 62, 9-23. https://doi.org/10.1016/j.
theriogenology.2003.03.001.

Kasimanickam, R.K., Kasimanickam, V.R. Olsen, J.R., Jeffress, EJ., Moore, D.A.,
Kastelic, J.P., 2013. Associations among serum pro- and anti-inflammatory
cytokines, metabolic mediators, body condition, and uterine disease in
postpartum dairy cows. Reproductive Biology and Endocrinology 11, 1-13.
https://doi.org/10.1186/1477-7827-11-103.

Kim, LH., Kang, H.G., Jeong, J.K., Hur, T.Y., Jung, Y.H., 2014. Inflammatory cytokine
concentrations in uterine flush and serum samples from dairy cows with
clinical or subclinical endometritis. Theriogenology 82, 427-432. https://doi.
org/10.1016/j.theriogenology.2014.04.022.

Kusaka, H., Hasegawa, R., Nishimoto, N., Kawahata, M., Bandai, K., Miura, H., Kikuchi,
M., Sakaguchi, M., 2020. Cytobrush cytology patterns of early postpartum dairy
cows. Veterinary Journal 262, 105516. https://doi.org/10.1016/j.
tvjl.2020.105516.

Kusaka, H., Kimura, T., Nishimoto, N., Sakaguchi, M., 2022. Combined use of non-
laboratory methods for the practical diagnosis of endometritis in postpartum
dairy cows. Veterinary Medicine and Science 8, 2585-2592. https://doi.org/
10.1002/vms3.904.

LeBlanc, S.J., 2008. Postpartum uterine disease and dairy herd reproductive
performance: a review. Veterinary Journal 176, 102-114. https://doi.org/
10.1016/j.tvjl.2007.12.019.

Leblanc, S.J., 2020. Review: Relationships between metabolism and neutrophil
function in dairy cows in the peripartum period. Animal 14, S44-S54. https://
doi.org/10.1017/S1751731119003227.

LeBlanc, SJ., 2023. Review: Postpartum reproductive disease and fertility in dairy
cows. Animal 17, 100781. https://doi.org/10.1016/j.animal.2023.100781.

LeBlanc, SJ., Duffield, T.F., Leslie, KE., Bateman, K.G., Keefe, G.P., Walton, J.S.,
Johnson, W.H., 2002. The effect of treatment of clinical endometritis on
reproductive performance in dairy cows. Journal of Dairy Science 85, 2237-
2249, https://doi.org/10.3168/jds.50022-0302(02)74303-8.

Lee, S.C, Jeong, J.K, Choi, LS., Kang, H.G., Jung, Y.H., Park, S.B., Kim, LH., 2018.
Cytological endometritis in dairy cows: diagnostic threshold, risk factors, and
impact on reproductive performance. Journal of Veterinary Science 19, 301-
308. https://doi.org/10.4142[jvs.2018.19.2.301.

Lerouge, L., Gries, M., Chateau, A., Daouk, J., Lux, F., Rocchi, P., Cedervall, J., Olsson, A.
K., Tillement, O., Frochot, C., Acherar, S., Thomas, N., Barberi-Heyob, M., 2023.
Targeting glioblastoma-associated macrophages for photodynamic therapy
using AGulX®-design nanoparticles. Pharmaceutics 15, 1-22. https://doi.org/
10.3390/pharmaceutics15030997.

Lima, F.S., Vieira-Neto, A., Vasconcellos, G.S.F.M., Mingoti, R.D., Karakaya, E., Solé, E.,
Bisinotto, R.S., Martinez, N., Risco, C.A., Galvdo, K.N., Santos, ].E.P., 2014. Efficacy
of ampicillin trihydrate or ceftiofur hydrochloride for treatment of metritis and
subsequent fertility in dairy cows. Journal of Dairy Science 97, 5401-5414.
https://doi.org/10.3168/jds.2013-7569.

Mateus, L., Lopes Da Costa, L., Carvalho, H., Serra, P., Silva, J.R., 2002. Blood and
intrauterine leukocyte profile and function in dairy cows that spontaneously
recovered from postpartum endometritis. Reproduction in Domestic Animals
37, 176-180. https://doi.org/10.1046/j.1439-0531.2002.00351.x.

Nelli, RK, De Koster, J., Roberts, ].N., De Souza, J., Lock, A.L.,, Raphael, W., Agnew, D.,
Contreras, G.A., 2019. Impact of uterine macrophage phenotype on placental
retention in dairy cows. Theriogenology 127, 145-152. https://doi.org/10.1016/
j.theriogenology.2019.01.011.

Orug, E., Saglam, Y.S., Polat, B., Cengiz, M., Colak, A., Altun, S., Cannazik, O., Kapakin,
K.A.T., 2015. The evaluation of endometrial cytology in cows with acute and the

12

Animal 19 (2025) 101581

evaluation of endometrial cytology in cows with acute and chronic
endometritis. Veterinary Archives 85, 131-140 https://hrcak.srce.hr/138430.

Pascottini, O.B., Hostens, O.M., Dini, P., Vandepitte, ]., Ducatelle, R., Opsomer, G.,
2016. Comparison between cytology and histopathology to evaluate subclinical
endometritis in dairy cows. Theriogenology 86, 1550-1556. https://doi.org/
10.1016/j.theriogenology.2016.05.014.

Pascottini, 0.B., LeBlanc, S.J., 2020. Modulation of immune function in the bovine
uterus peripartum. Theriogenology 150, 193-200. https://doi.org/10.1016/j.
theriogenology.2020.01.042.

Pascottini, O.B., LeBlanc, S.J., Gnemi, G., Leroy, J.L.M.R., Opsomer, G., 2023. Genesis of
clinical and subclinical endometritis in dairy cows. Reproduction 166, R15-R24.
https://doi.org/10.1530/REP-22-0452.

Pereira, G., Bexiga, R., Chagas e Silva, ], Silva, E., Ramé, C., Dupont, ]., Guo, Y.,
Humblot, P., Lopes-da-Costa, L., 2020. Adipokines as biomarkers of postpartum
subclinical endometritis in dairy cows. Reproduction 160, 417-430. https://doi.
org/10.1530/REP-20-0183.

Pereira, G., Guo, Y., Silva, E., Silva, M.F., Bevilacqua, C., Charpigny, G., Lopes-da-Costa,
L., Humblot, P.,, 2022. Subclinical endometritis differentially affects the
transcriptomic profiles of endometrial glandular, luminal, and stromal cells of
postpartum dairy cows. Journal of Dairy Science 105, 6125-6143. https://doi.
org/10.3168/jds.2022-21811.

Pérez-Baez, ., Silva, T.V., Risco, C.A., Chebel, R.C., Cunha, F., De Vries, A., Santos, ].E.P.,
Lima, F.S., Pinedo, P., Schuenemann, G.M., Bicalho, R.C., Gilbert, R.O., Rodrigez-
Zas, S., Seabury, C.M.,, Rosa, G., Thatcher, W.W., Galvido, K.N., 2021. The economic
cost of metritis in dairy herds. Journal of Dairy Science 104, 3158-3168. https://
doi.org/10.3168/jds.2020-19125.

Salah, N., Yimer, N., 2017. Cytological endometritis and its agreement with
ultrasound examination in postpartum beef cows. Veterinary World 10, 605-
609. https://doi.org/10.14202/vetworld.2017.605-609.

Sheldon, LM., Lewis, G.S., LeBlanc, S., Gilbert, R.0., 2006. Defining postpartum
uterine disease in cattle. Theriogenology 65, 1516-1530. https://doi.org/
10.1016/j.theriogenology.2005.08.021.

Sheldon, .M., Williams, E.J., Miller, A., Nash, D.M., Herath, S., 2008. Uterine diseases
in cattle after parturition. Veterinary Journal 176, 115-121. https://doi.org/
10.1016/j.tvjl.2007.12.031.

Sheldon, .M., Owens, S.E., Turner, M.L., 2017. Innate immunity and the sensing of
infection, damage and danger in the female genital tract. Journal of
Reproductive Immunology 119, 67-73. https://doi.org/10.1016/j.
jri.2016.07.002.

Sheldon, .M., Cronin, ].G., Bromfield, ].J., 2019. Tolerance and innate immunity
shape the development of postpartum uterine disease and the impact of
endometritis in dairy cattle. Annual Review of Animal Biosciences 7, 361-384.
https://doi.org/10.1146/annurev-animal-020518-115227.

Wagener, K., Gabler, C., Drillich, M., 2017. A review of the ongoing discussion about
definition, diagnosis and pathomechanism of subclinical endometritis in dairy
COWsS. Theriogenology 94, 21-30. https://doi.org/10.1016/j.
theriogenology.2017.02.005.

Williams, EJ., Fischer, D.P., Pfeiffer, D.U., England, G.C., Noakes, D.E., Dobson, H.,
Sheldon, .M., 2005. Clinical evaluation of postpartum vaginal mucus reflects
uterine bacterial infection and the immune response in cattle. Theriogenology
63, 102-117. https://doi.org/10.1016/j. theriogenology.2004.03.017.

Yan, L., Wang, J., Cai, X,, Liou, Y.C., Shen, H.M., Hao, J., Huang, C., Luo, G., He, W., 2024.
Macrophage plasticity: signaling pathways, tissue repair, and regeneration.
MedComm 5, 1-42. https://doi.org/10.1002/mco02.658.

Yang, D., Shen, L., Chen, R, Fu, Y., Xu, H., Zang, L., Liu, D., 2022. The effect of
Talaromyces marneffei infection on CD86 expression in THP-1 cells. Infection
and Drug Resistance 14, 651-660. https://doi.org/10.2147/IDR.S297160.

Yao, Y., Xu, X.H,, Jin, L, 2019. Macrophage polarization in physiological and
pathological pregnancy. Frontiers in Immunology 10, 1-13. https://doi.org/
10.3389/fimmu.2019.00792.


https://doi.org/10.1016/j.anireprosci.2015.02.007
https://doi.org/10.1016/j.theriogenology.2003.03.001
https://doi.org/10.1016/j.theriogenology.2003.03.001
https://doi.org/10.1186/1477-7827-11-103
https://doi.org/10.1016/j.theriogenology.2014.04.022
https://doi.org/10.1016/j.theriogenology.2014.04.022
https://doi.org/10.1016/j.tvjl.2020.105516
https://doi.org/10.1016/j.tvjl.2020.105516
https://doi.org/10.1002/vms3.904
https://doi.org/10.1002/vms3.904
https://doi.org/10.1016/j.tvjl.2007.12.019
https://doi.org/10.1016/j.tvjl.2007.12.019
https://doi.org/10.1017/S1751731119003227
https://doi.org/10.1017/S1751731119003227
https://doi.org/10.1016/j.animal.2023.100781
https://doi.org/10.3168/jds.S0022-0302(02)74303-8
https://doi.org/10.4142/jvs.2018.19.2.301
https://doi.org/10.3390/pharmaceutics15030997
https://doi.org/10.3390/pharmaceutics15030997
https://doi.org/10.3168/jds.2013-7569
https://doi.org/10.1046/j.1439-0531.2002.00351.x
https://doi.org/10.1016/j.theriogenology.2019.01.011
https://doi.org/10.1016/j.theriogenology.2019.01.011
https://hrcak.srce.hr/138430
https://doi.org/10.1016/j.theriogenology.2016.05.014
https://doi.org/10.1016/j.theriogenology.2016.05.014
https://doi.org/10.1016/j.theriogenology.2020.01.042
https://doi.org/10.1016/j.theriogenology.2020.01.042
https://doi.org/10.1530/REP-22-0452
https://doi.org/10.1530/REP-20-0183
https://doi.org/10.1530/REP-20-0183
https://doi.org/10.3168/jds.2022-21811
https://doi.org/10.3168/jds.2022-21811
https://doi.org/10.3168/jds.2020-19125
https://doi.org/10.3168/jds.2020-19125
https://doi.org/10.14202/vetworld.2017.605-609
https://doi.org/10.1016/j.theriogenology.2005.08.021
https://doi.org/10.1016/j.theriogenology.2005.08.021
https://doi.org/10.1016/j.tvjl.2007.12.031
https://doi.org/10.1016/j.tvjl.2007.12.031
https://doi.org/10.1016/j.jri.2016.07.002
https://doi.org/10.1016/j.jri.2016.07.002
https://doi.org/10.1146/annurev-animal-020518-115227
https://doi.org/10.1016/j.theriogenology.2017.02.005
https://doi.org/10.1016/j.theriogenology.2017.02.005
https://doi.org/10.1016/j.theriogenology.2004.03.017
https://doi.org/10.1002/mco2.658
https://doi.org/10.2147/IDR.S297160
https://doi.org/10.3389/fimmu.2019.00792
https://doi.org/10.3389/fimmu.2019.00792

	Associations between endometrial macrophages and persistence of endometritis in postpartum dairy cows
	Implications
	Introduction
	Material and methods
	Study design
	Uterine cytology
	Immunocytochemistry (ICC)
	Low-volume uterine flushing
	Western blot (WB) analysis of uterine fluid pellet
	Endometrial biopsy
	Immunohistochemistry (IHC)
	Statistical analysis

	Results
	Postpartum endometritis prevalence
	Endometrial cytological findings
	Macrophage immunocytochemistry (ICC) at 21 days postpartum
	Immunohistochemistry (IHC) macrophage detection in biopsy-derived endometrial tissue at 42 days postpartum
	Western blot (WB) analysis of macrophage phenotype protein markers

	Discussion
	Supplementary material
	Ethics approval
	Data and model availability statement
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Author ORCIDs
	CRediT authorship contribution statement
	Declaration of interest
	Acknowledgements
	Financial support statement
	References




