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ABSTRACT

Endometritis is a prevalent uterine infection insfgartum dairy cows that causes some alterationghim
endometrium. So, the aim of this study was to deiter the comparative cellular and histological caeteristics of
uterus, especially neutrophils index and cell maiphical alterations, in healthy and endometritiolstein cows.
Thirty non-pregnant cows were used. Based on watiacharge score, they were grouped into healtirye and
endometritic (twenty one) cows. Uterine dischargese sampled at day 0 of oestrus cycle for studgeltular
characteristics. At second day of cycle, largerrhof uteri were sampled for histological investigas. Also, blood
samples were collected at days 0, 3 and 9 for messof progesterone concentrations changes. Cyiokd study
of uterine discharge showed that the bacterial aralitrophils population (P<0.01), and also cell a#tBons
indices (P<0.05) were affected in endometritic grotdistologically, the thickness of endometriumutrephils
infiltration, glands dispersal and percent of filti® regions in endometritic cows increased siguifitty. In
addition, staining density (P<0.01) and cellularligarity (P<0.01) in endometrial glands were decsed in
endometritic cows. Also, the progesterone concéintra were in higher marginal levels during entingperimental
period in affected cows. The present results indtahat uterine cytology and endometrial biopsyastpartum
dairy cows might be useful and accurate procediomesetecting existence and severity of endometriti
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INTRODUCTION

In the last decades, linked to increasing milk djighe reproductive performance has rapidly deechas dairy
cows, especially in the Holstein breed [8]. Althbugnilk yield is negatively associated with reprotie
performance, there are other additive factors whifflct the fertility in dairy cattle farms, suck animal health
condition, management and balanced rations. Additip, physiologic dysfunctions, such as uterinedtions, are
elements which are responsible for decreased raptivd performance and fertility in dairy cattlg B, 8].

Uterine infections could be caused by some battspiecies when they are transited to the uterusdgynal and
cervical ways after calving. The previous repo@9,[22] indicated that an estimated number of 9094 0of
bacterial uterine infections is considered withive tfirst week after parturitionHowever, uterine involution,
endometrial reconstruction and immune system resgruch as bacterial phagocytosis by neutrophBsweeks
postpartum play bactericidal roles commonly, but3D86 of cows are still infected after this periddime [22]. A
balanced response of host immune system to pathagenmts prevents diseases caused by microbesethined
placenta, dystocia, ketosis, stillbirth, displacdggbmasum, hypocalcemia and aging are factors wdiiigitt the
balance between host immune system and bactettabgenesis [10, 25]. In this regard, uterine infeatt usually
cause ovarian activity dysfunction by affectinglibd¢ growth and ovulation [17]. They also causecrédased
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conception rate and increased mean of time beteakimg to pregnancy (open days), number of insations to
pregnancy and culling percent [21, 28bws and heifers which had retained placenta andtimeproduced 300 to
500 kilograms milk lesser than their herdmates,[2if this leads to economic problems for farmers.

Metritis and endometritis are prevalent uterineedtibns in dairy cows after parturition [10]. Mégiis an acute
inflammatory process caused by bacterial infectibnterus during the first 14 days postpartum [E{jdometritis
is an endometrium-limited infection which affedie tuterus after at least 21 days postpartum aaddt associated
with any systemic diseases sign such as feverZ8P,Until now, more than thirty-five bacteria specare known
infecting the genital tract after calving [2%rcanobacterium Pyogenemd Escherichia coliare the commonest
reported bacteria in the infected uterus and they saiggested as bacteria which cause infertilify Mso,
Tritrichomonas foetuss a flagellate, pyriform protozoan parasite [3ttcan contribute in some fertility problems.
After microbial challenge, the immune system usaaes mechanisms such as Toll-like receptors [22]teaphase
proteins, immunoglobulins [7], and polymorphonuclézukocytes (PMNs) or neutrophils [20, 24] agaitisise
infectious elements. Diagnosis of endometritisasmewhat difficult due to lack of unique definitiof disease and
simple techniques [6]. Transrectal palpation ofugevaginoscopy, uterine biopsy and cytology afferént ways
to detect endometritis [6, 20]. Although in mamedemetrial biopsy is the gold standard methodtiereandometritis
detection, cytological studies by uterus lavageytobrush are less invasive in cattle [20]. The PMNration to
the uterine lumen is one of the first responsesnafiune system to endometritis [17]. Therefore, deteation of
PMNSs proportion to the another cells (plasma cel=ytrophils and endometrial cells) in uterus [@uld help
evaluation of endometritis existence and severnitgldiry cows. In this regard, the previous studegmrted various
thresholds for percentage of PMN in this luminalcoi (5% up to 25%, at 21 to 60 days postpartum}26,20,
21]. Additionally, cytological study on uterine same can use to distinguish some cell alteratio$ s nuclear
contour irregularity (shrinking, destruction or diopting of nucleus) and presence of cytoplasmicuades
(vacuolization) that have direct correlation withstence and severity of infection. These cellratiens are used as
a diagnostic criterion in Pap smear test in the @woif@], however using of them was not reportedaws before.
Furthermore, histologically, endometritis is accamied with destruction of surface epithelium, vdacu
congestion, stromal edema and variable degreeslafrimatory cells infiltration such as neutrophilS].

Regarding the high rate of uterine infections afterturition in cattle, using accurate and suitaklghniques for
detection of infection in early stages of postpartis so necessary. Therefore, the present studydesigned to
investigate the cytologic and histologic alteratiarf uterus in endometritic postpartum dairy cows.

MATERIALS AND METHODS

Animals

This experiment was conducted for comparison dilzel and histological characteristics of uterushaalthy and
endometritic cows from July to October 2011. Thiegtating Holstein cows from a commercial dairgnfdocated
in Esfahan, Iran were selected for this study. fean of days in milk (DIM) for enrolled cows was. S days (26-
79 days). The mean of cows body condition scores 3vé2.5-3.5, scale 1 to 5) and their average migkd was
42.1 kg/day. All cows were in second parity, toarsty, the oestrus cows, detected by estrous tEtecwere
assessed for pregnancy and ovaries status by padpaition and using ultrasonography. These cowsgheen birth
to female calf and were inseminated at least twaesi after parturition. They didn’t receive any hiaiic or
hormone therapy after parturition.

Cytological study

For discharge sampling, the vulva of cows was @danmith paper towel and uterine mucus samples s&fected
using a plastic pipette of 10 mL in volume and 35 long. Based on ultrasonographic examination aedne
discharge score [10], cows were grouped into tlatime (nine cows) and the endometritic (twenty cowrs). Then,
mucus was rolled onto a glass slide and air ddides were stained using standard Papanicolagu[48] in the
farm laboratory. Prepared slides were assessedghy microscope at 400x magnification and plasmisce
neutrophils (PMNs) and endometrial cells were cedrdt three microscopic squares for determinatioRNINSs
proportion. As described by Matytsina et al. (2010)line with bacterial population, the microscofiackground
color of uterine discharge slides change clearlg. 38bred background color as 1: neutral, 2: ligayg3: gray, and
4: dark gray.

Histological study

At second day of oestrus cycle, larger uterine Hopsies were performed, as described previo@dy; from nine
control and nine endometritic cows. Uterine samplege fixed in formalin (10%) for 24 hours. Theixeld samples
were paraffin-embedded, sectioned at about 10 |ickrtbss with microtome and stained with haematoxgind
eosin (H&E). Prepared slides were studied withtligiicroscope at 400x magnification for diagnosiiffedences
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between healthy and endometritic cows. Samples seweed as 1 to 4 (mild, moderate, severe and sevgre,
respectively) for some microscopic characterissosh as neutrophil infiltration, glands and epitidetellular
solidarity, endometrial thickness, number of bloggssels (mean of numbers in three microscopic sguaith
100x magnification), endometrial glands dispersad aecrotic regions score as indices for assedsi#adth of
tissue, percent of fibrotic regions, and stainieggity.

Endocrinology

Blood samples were collected from caudal vein, aysd0 (estrus), 3 and 9 of oestrus cycle. Sampkee w
centrifuged at 4000 rpm for 15 minutes. Then, semwas separated and refrigerated at -20 °C for masu
progesterone concentrations.

Statistical analyses

All data were analyzed using the SAS software (S@Situte, 2001). After testing normality with ShiapWilk
test, GLM procedure was used and means were cothpatte Tukey’s test. In the study of neutrophilacteria and
Trichomonasfoetus population, celluar alterations index, and progeste concentrations at days 0, 3 and 9 of
oestrus cycle, we used body condition score and BHVicovariables and cows were grouped in two cdasse
DIM<60 (n=18) and DIM>60 (n=12). Furthermore, in thedst of changes in progesterone concentrationsyat 8la
and 9, progesterone concentrations at day 0 wabsasanother covariate. Differences were considsigrdficant

at <0.05, and P>0.05 bgt0.15 was considered a trend.

RESULTS AND DISCUSSION

Cytologic results

The results of cytologic study on uterine dischaage shown in Table 1. Our findings indicated tthet bacterial
population scores was significantly higher in endtitic cows than healthy ones (3.28+0.19 vs. 1RP%,
P<0.01).Tritrichomonas foetusvas only observed in endometritic smears, too.

Table 1. Neutrophil and bacterial pouplation scorescellular alterations, andTritrichomonas foetus numbers in uterine discharge of
healthy (n=9) and endometritic (n=21) cows (meaniahdard error).

Cellular Tritrichomonas foetus

Neutrophil . Bacterial )
pouplation (score) alt(eszrca:)tlrz;ls population (score) ?25#}'32&?
Control 1.22+0.24 1.45+0.36 1.20+0.27 0.00+0.17
Endometritic 3.21+0.1% 2.68+0.28 3.28+0.19 0.18+0.10
P- value <0.0001 0.02 0.0001 0.39

aPyalues with different superscripts within a coluame significantly different (P<0.05)
°mean of numbers in three microscopic squares vii@xImagnification

Figure 1. Cellular alterations in uterine dischargeof an endometritic cow; A: nucleus duplicating, ad B: vacuolization (400x
magnification).
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On the other hand, neutrophil population was sigaiftly higher in endometritic cows than controker{3.21+0.17
vs. 1.2240.24, P<0.0001). As shown in Figure 1, ¢b# morphological alterations including nucleantour
irregularity and vacuolization that have direct retation with existence and severity of infectiamcurred
markedly in endometritic cows (P<0.05), howevessthalterations existed in the control group slightl

Histological results

Endometrial histological characteristics in endaitietand healthy cows are shown in Table 2. Endoiade
thickness was significantly higher in endometritian healthy cows (28.11+2.65 um vs. 16.05+2.65 R«9.01).
Endometrial glands dispersal score showed remarkdifferences between control and endometritic ggou
(1.88+0.21 vs. 2.55+0.21, P<0.05). Although thelutat solidarity score of endometrial glands wasvdo in
endometritic cows (1.77+0.24 vs. 3.11+0.24, P<Q.@i¢ percent of fibrotic regions of endometriurorgased in
this group (2.55+1.51 vs. 7.33+1.51, P<0.05). Sigant decreases in score of endometrial stainiagsiy was
observed in the endometritic cows (3.16+0.25 falthy and 2.05+0.25 for endometritic cows, P<0.Gdwever,
there was no difference between control and affectavs on endometrium epithelial solidarity scdhe, numbers
of endometrial blood vessels and necrotic regioesevslightly more in the endometritic cows (P=0.1Als0,
neutrophil infiltration score in comparison withdenmetritic ones (2.05+0.20) was lower in the endioime of
healthy cows (1.44+0.20, P<0.05)

Figure 2. Above: Differences between staining density and glandslkéar solidarity between healthy (right) and endonetritic cows (left),
glands are shown with arrowsBelow: Severe endometrial neutrophil (N) infiltration, and necrotic regions space (S) in an endometritic
cow (score 3.5).
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Table 2. Histological alterations of uterus in heahy (n=9) and endometritic (n=9) cows (meantstandar error).

Cellular

. Endometrial o Fibrotic Endometrial Endometrial Epithelial . )
Englometnal glands solidarity .Of regions in blood staining solidarity of Nec_rot|c Ngutroph|l
thickness : endometrial h . . regions infiltration

dispersal endometrium vessles density endometrium
(um) glands pe (score) (score)
(score) (score) (Percent) (number®) (score) (score)

Control

aPyalues with different superscripts within a coluame significantly different (P<0.05)
°mean of numbers in three microscopic squares viixImagnification

Progesterone concentrations

The progesterone concentrations had no signifidéfeirences between healthy and endometritic cavdags 0, 3
and 9 of oestrus cycle. However, the progesterameentrations were in higher marginal levels durergire
experimental period in endometritic cows (P=0.1i§uFe 3).

9.0 8
a
/7~

/
s03s =*=healthy
7/

=li—=endometritic

1.21

(== 1.46
o

(ng/mL serum)

progesterone concentrations

days of oestrus cycle

Figure 3. Progesterone concentrations of healthyn£9) and endometritic (n=21) cows at days 0, 3 ar®lof oestrus cycle (meantstandard
error).

Bacterial population in the uterine discharge aod@netritic cows was clearly higher than healthysoebout 2.5
times). Our findings were consistent with the resaf Herath et al. (2009) that showed the cows witerine
disease had more bacterial isolates than thedeartivs during the postpartum period (median 4.%.0sisolates).
Also, Tritrichomonas foetusvas observed only in endometritic group. It is vaemonstrated thalis single-celled
protozoan may lead to endometritis, pyometra, &roend some reproductive diseases [11].

Neutrophil population score of uterine discharge Wayher (P<0.0001) in endometritic cows than adrdnes. The
PMNs are the most prevalent inflammatory cells ferine discharge and the main effective cells &maving
bacteria from the uterus after calving [10, 20ff@ent thresholds for PMN% was reported by presistudies (5-
25% at 21 to 60 days postpartum) [6, 12, 20, 21thdugh, the results of Dubuc et al. (2010) suggpshat the

16.05+2.68  1.88+0.2% 3.11+0.24 2.55+1.5% 2.44+0.79 3.16+0.25 2.66+0.28  1.38+0.22 1.44+0.20
Endometritc ~ 28.11+2.65  2.55+0.21 1.77+0.24 7.33+1.5% 0.55+0.79 2.05+0.2% 2.33+0.28  2.00+0.22 2.05:0.20
P-value 0.005 0.04 0.001 0.04 0.11 0.008 0.41 0.07 0.04

PMN>4% could use in dairy cows as an endometritis infilexDIM <60, there are not appropriate reports for

estimating of PMNs proportion for DI¥0. Therefore, we considered scoring (1 to 4) @ similar method for
both periods. In this way, scores 1, 2, 3 and 4ewesed for mild, moderate, severe and very seveugraphils
presence, respectively. However, the previous ted6ér 12, 20, 21] suggested that the neutrophihignation to
uterus occur mainly in DIM<60, our data showed thé cytological alterations could continue evétera60 days
postpartum. On the other hand, as described alibgemicrobial populations were in the higher levielsthe
endometritic cows compared to the healthy oness Tiirement could be a reason for enhancing ofdeytle
infiltrations as described by other studies [15, 22

As shown in Table 1, the cytological studies inthdathat the cell alterations such as vacuolizatind nuclear
contour irregularity, as uterine infection criteriacreased in endometritic cows significantly (F88). This finding
suggested that not only these indices can be ustekidetection of human uterine infections [4}, &#lso they may
be exert beside another cytologic criteria in eneliitis diagnosing of dairy cows.
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On the other hand, endometritis is characterizednidg to moderate neutrophil and lymphocyte inditton in
lamina propria, epithelial disruption, degeneratéomd necrosis in epithelial cells of some endoraktfiands [13,
18, 19]. We used these criteria for histologicaleistigation as described by Chapwanya et al. (200%his
categorized method, the scores considered as draae inert uterus with no evidence of inflammatigrade 2:
minimal inflammation, few fibrotic areas, and cgstlandular degeneration, grade 3: moderate inflatiom, and
grade 4: severe inflammation characterized by mdtiration of polymorphonuclear cells, uterineagd atrophy,
necrosis and areas with epithelial disruption asloReinforced the previous findings [1, 13, 18fl@ametrial
thickness, neutrophil infiltration, endometrial giks dispersal and percent of fibrotic regions iaseel markedly in
endometritic cows, however the staining density glathds cellular solidarity decreased in this grduapfact, our
data showed that the bacterial infection disruptdoenetrial structure and function, as mentione&hgldon et al.
(2009) They indicated that the endometrial cellsildosecrete cytokines and chemokines for PMNs and
macrophages attraction to eliminate the bactend,cansequently endometrial disruption leads ttrigsnfection.

In the endometritic cows,.progesterone concentratigere in the higher marginal levels during entixperimental
period. There is an association between the oauceref endometritis and elevated circulating progese
concentrations in postpartum dairy cows [9]. Lutghhses are often extended in endometritic consause the
bacteria switch the endometrial epithelial secret prostaglandins from the F series to the Eeseaind it causes
disruption of luteolysis markedly [10]. Furthermpit has been demonstrated that the progesterove $teong
immunosuppressive properties, by affecting the esgion and function of some local regulatory prstgb, 10].
These alterations might be another reason forgiersie of uterine infectioms postpartum affected cows.

CONCLUSION

In conclusion, the present results indicated thatime cytology and endometrial biopsy in postparairy cows
might be useful and accurate procedures for detgetistence and severity of endometritis.
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