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Summary

In order to study the causes of infertility in mares of the Crioulo breed, we examined 960 mares served at pasture by 33 different stallions.
At the end of the breeding season, open mares (118) were separated by rectal palpation (pregnancy rate of 87.7%). Those mares were
subjected to endometrial biopsy and uterine swab for bacteriological examination. Histologically, the endometria were classified in 4 gra-
des according to Kenney and Doig (1986). Endometria classified as Grade I was observed in 49.2% of the open mares, grade II in 33.1%,
grade III in 12.7% and grade IV in 5.1%. Severe inflammatory lesions were observed in 36/118 (30.5%) cases and degenerative lesions
in 16.9% of the endometrium (20/118). In the following breeding season, the pregnancy rate of mares with or without inflammation was
59.3 and 85.5% respectively (P<0.01) and the pregnancy rate of mares with or without degenerative lesions, 47 and 84.8%, respective-
ly (P<0.01). Old mares (> than 15) had a significantly (P<0.001) lower pregnancy rate (15/27, 55.5%) than young (= to or < than 15)
mares (54/61, 88.5%). The frequency of inflammatory lesions was not significantly different (P>0.8) among older and younger mares (28.6
vs. 31.0 %, respectively), however, degenerative lesions were more frequent (P<0.001) in older mares than younger mares (40.0 vs. 7.0
%). We conclude that inflammatory and degenerative lesions are important causes of infertility in the Crioulo breed. 
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Entzündliche und degenerative Veränderungen im Endometrium von Crioulo-Stuten

Um die Ursachen der Infertilität bei Stuten der Rasse Crioulo zu untersuchen, wurden 960 Stuten untersucht. Die Bedeckung der Stuten
erfolgte durch 33 verschiedene Hengste bei Weidehaltung. Am Ende der Zuchtsaison erwiesen sich 118 Stuten durch rektale Untersuchung
als nicht tragend, was einer Trächtigkeitsrate von 87,7% entspricht. Bei diesen Stuten wurden eine Endometriumbiopsie sowie ein Uteru-
stupfer für die bakteriologische Untersuchung entnommen. Es folgte eine histologische Klassifizierung der Endometrien in vier Grade nach
Kenney und Doig (1986). 49,2% der Endometrien wiesen Grad I, 33,1% Grad II, 12,7% Grad III und 5,1% Grad IV auf. Hochgradige ent-
zündliche Alterationen wurden bei 36 von 118 Stuten (30,5%) und degenerative Läsionen in 20 der 118 Endometrien (16,9%) nachge-
wiesen. In der darauffolgenden Zuchtsaison erzielten die Stuten mit bzw. ohne Entzündungen eine Trächtigkeitsrate von 59,3% bzw. 85,5%
(P <0,01), diejenigen mit bzw. ohne degenerative Alterationen eine Trächtigkeitsrate von 47% bzw. 84,8% (P <0,01). Stuten, die älter als
15 Jahre waren, wiesen eine signifikant (P <0,001) geringere Trächtigkeitsrate (15/27, 55,5%) auf als jüngere Stuten (≤ 15 Jahre) (54/61,
88,5%). Die Häufigkeit entzündlicher Alterationen war bei jüngeren und älteren Stuten nicht signifikant (P > 8) unterschiedlich (28,6% bzw.
31,0%), wohingegen degenerative Läsionen bei älteren Stuten häufiger (P <0,001) vorkommt als bei jüngeren (40,0% bzw. 7,0%).
Zusammenfassend ist festzustellen, dass entzündliche und degenerative Alterationen eine wichtige Ursache für die Unfruchtbarkeit bei Stu-
ten der Rasse Crioulo darstellt.
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Introduction

Wild horses are expected to have less reproductive problems
than highly specialized breeds due to the natural selection
that they are exposed and less influence of man. The Crioulo
breed, although not wild nowadays, has been used for cattle
management in the south of Brazil, Uruguay, Argentina and
Chile. Lately competitive sports (rodeo) are using more and
more animals of this breed due to their performance abilities.
Consequently their economic value has increased and certain
individuals are destined to breed regardless of any reproduc-
tive defect they may carry. Nowadays the Crioulo Association
has more than 160 thousand registered horses belonging to
9,500 owners. Although with the growing interest for these
horses, little information is available on its fertility. Data on
reproductive performance in the breed is very scarce and
infertility problems are reported on individual basis (Pimentel
et al. 1997, Silva et al. 1996, Silva et al. 1995, Aver et al.
1992, Dowdall 1982). Endometritis is considered one of the

most important causes of infertility in horses (Pimentel et al.
1997), however the participation of this disorder is unknown
in the Crioulo breed. 

The aim of this work was to study the occurrence and rela-
tionship of uterine inflammation and fibrosis on the fertility
of mares of the Crioulo breed.

Material an methods

This work included 960 mares of the Crioulo breed, with
ages ranging from 5 to 27 years old. The mares were
managed under range conditions, and distributed in 6
farms and 33 groups of mares running with a single stallion.
These farms were located in south Brazil.

The breeding season started in October and ended in April,
when mares were examined by rectal palpation for preg-
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nancy diagnosis and those that were found open were sub-
jected to a vaginal examination (recording presence or
absence of inflammatory secretion), uterine culture (Conboy
1978) and endometrial biopsy (Kenney 1978). Mares found
open were bred again in the following breeding season
without any treatment, regardless of the results of the labora-
tory examination, in order to correlate the uterine status with
the potential fertility (pregnancy rate).

Histologically, the endometria were classified in 4 grades
based on inflammatory and degenerative changes (Kenney
and Doig 1986). For statistical purposes mares were grouped
into 2 classes: 0 = negative or 1 = positive. 

The inflammatory score 0 (INFGROUP = 0) was considered
when no leukocytes were found or only a mild diffuse lym-
phocytic infiltration could be observed in the stratum com-
pactum; besides the diffuse infiltration, a lymphocytic foci
could be observed and accumulation of scattered lymphocy-
tes or neutrophils were present in the stratum compactum.
The inflammatory score 1 (INFGROUP = 1) was considered
when lymphocytes or neutrophils were present in a severe
focal and/or diffuse fashion in the stratum compactum or, less
frequently, in the stratum spongiosum; lymphocytes and neu-
trophils were present in abundance or in a widespread
fashion or severe foci; widespread severe infiltration of the
stratum compactum and some infiltration in the stratum spon-
giosum could also be observed.

The degenerative changes considered were glandular bran-
ches with cystic distention and periglandular fibrosis (one to
three layers), fibrotic nests of glandular branches (“nests”)
and lymphatic lacunae (Kenney 1978). The degenerative sco-
res were attributed when a subjective estimate under light
microscopy with 100 X magnification of the area of endome-
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trium affected by these changes. Score 0 (DEGROUP = 0)
were considered when less than 20 % of the endometrium
was affected (examining five fields per sample) and score 1
(DEGROUP = 1) when more than 20% of the endometrium
presented those changes. 

Mares were divided into two groups: young (less than 15
years old) and old mares (equal to or older than 15 years
old).

The effect of age on pregnancy rate was analyzed by linear
regression. Chi square (c2) was used to evaluate the effect of
inflammatory, degenerative lesions and age group on preg-
nancy rate.

Results

The pregnancy rate of 960 examined mares was 87.7%
(842/960). The average frequency of open mares per farm
was 12.5%. The size of the herds varied from 3 to 89 mares
and the pregnancy rate, from 50 to 100 %. 

Only 3 of 118 mares found open presented purulent secre-
tion on speculum examination and two had bacterial growth:
one had Streptococcus zooepidemicus and the other Escheri-
chia coli. Histologically, these two mares were included into
INFGROUP 1.

The frequency of inflammatory and fibrotic lesions observed
in the uteri examined (118) is represented in table 1. 

Pregnancy rate data in the following breeding season could
be obtained in 96 of the 118 open examined. The effect of
INFGROUP and DEGROUP in fertility can be seen in table 2.

Table 1     Frequency of uteri with degenerative or inflammatory lesions in 118 open mares / Häufigkeit degenerativer oder entzündlicher uteriner 
Läsionen bei 118 nicht tragenden Stuten  

 
 Number of cases % 

WITH INFL 36/118 30.5 

WITH FIBROSIS 20/118 16.9 

 

Table 2      Pregnancy rate as affected by inflammatory or degenerative lesions / Trächtigkeitsrate in Abhängigkeit von entzündlichen oder   
degenerativen Läsionen 

 
 Number of cases Pregnancy rate % 

INFGROUP 0 69/96 85.5a
 

INFGROUP 1 27/96 59.3 b
 

DEGROUP 0 79/96 84.8 a
 

DEGROUP 1 17/96 47.0 b
 

a,b Columns with different superscripts differ P<0.01 

 

        Table 3      Frequency of endometrial biopsy grade and subsequent pregnancy rate in the following breeding season / Häufigkeit der histologische 
Graduierung anhand einer Endometriumbiopsie und entsprechende Trächtigkeitsrate in der nächsten Zuchtsaison 
 

Grade Frequency of grades % Pregnancy rate % 

I 58/118 49.2 48/96 87.5  a
 

II 39/118 33.1 29/96 82.8 ab
 

III 15/118 12.7 13/96 61.5 bc
 

IV 6/118 5.1 6/96 16.7 d
 

                                a,b Columns with different superscripts differ P<0.005 
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The frequency of endometrial biopsy grades among exami-
ned mares (118 mares) as well as the pregnancy rates in the
following year (96 mares) is reported in table 3.  

Regression analysis (P<0.01) showed that pregnancy rates
tend to decrease as the biopsy grade, the score of endometri-
al fibrosis and age increases (Table 4). It can also be observed
in this table that the biopsy grade and the score of endometri-
al fibrosis increase in a linear fashion as the mares aged.

Bacteriological data were obtained from 111 of the 118 end-
ometrial swabs collected. Bacterial growth resulted from 26
(23.4%) samples. The most frequent agents found were:
Streptococcus zooepidemicus in 3 (11.8%), Escherichia coli
in 3 (11.8%) and Acinetobacter spp in  3 (11.8%). The other
organisms were Corynebacterium  spp 2 (7.7%), Staphylo-
coccus aureus 1 (3.8%), Enterobacter spp 1 (3.8%). 

Bacterial growth was observed in 24/79 (30.4%) of the end-
ometria without inflammatory lesions and in just 2/32 (6.3%)
of the mares with significant inflammation of the endometria
had bacterial growth (P<0.01). There was no relationship
(P>0.4) between degenerative changes and bacterial growth.

Old mares (> than or equal to 15) had a significantly
(P<0.001) lower pregnancy rate (15/27, 55.5%) than young
(= to or < than 15) mares (54/61, 88.5%). The frequency of
fibrosis (DEGROUP 1) was significantly higher in old mares,
but inflammatory lesions (INFGROUP 1) were not different
among age groups (Table 5).

Discussion

The overall pregnancy rate in this study (87.7%) is similar to
the data reported by several authors and other breeds (Col-
lery 1974, Hutton and Meacham 1968, Ricketts and Young
1990, Laing an Leech 1975) for free running horses exposed
to a stallion during the breeding season. Four stallions had a
pregnancy rate lower than 70%. If we remove these four stal-
lions from the calculations the pregnancy rate would increa-
se from 87.7% to 91%. This fact must to be considered since
the stallions were free running with the mares and a breeding
soundness examination was not performed. This fact indica-
tes that besides the mares, the stallion plays an important role
in the overall pregnancy rate. 

According to Rowlands (1981), in hand mated horses fertility
is reported to be slightly lower (60 %). There are two possible
reasons for the lower fertility of hand-mated horses: 

hand-mated horses are selected for conformation or athletic
performance leaving fertility in a secondary plane of impor-
tance, while mares bred at pasture are subjected to natural
selection and population of fertile animals grows faster than
sub-fertile;
hand breeding usually begins in late winter and ends by mid
summer, while pasture bred horses are less affected by man’s
decisions about the time they should be, respecting natural
seasonality what increases the chances of mares becoming
pregnant.

Even though the pregnancy rate of 87.7% could be conside-
red high, the uterine disorders observed among the mares
that fail to conceive under natural conditions is also similar to
the frequencies reported for other breeds (Kenney 1978, Ken-
ney and Doig 1986, Gordon and Sartin 1978). Table 3
shows the frequencies of endometrial biopsies grades. As it is
shown in Table 1, 30.5% of the non-pregnant mares of the
Crioulo breed, had inflammation in the endometrium and
16.9% had uterine fibrosis. In Table 2, it can be observed the
reproductive performance of these mares in the following
breeding season. The pregnancy rate of mares with signifi-
cant inflammatory lesions in the endometrium was 59.3%
compared with 85.5% in mares without inflammatory lesions.
It can be speculated that many mares resolve the endometri-
tis by their natural defense mechanisms during the resting
period between the breeding seasons or that the degree of
endometrial inflammation has a limited effect on fertility.

Fibrotic lesions of the endometrium had more dramatic
effects on fertility than inflammatory lesions. Only 47% of the
mares included in the group with significant degenerative
lesions became pregnant in contrast of 84.8% in the group
without these lesions (Table 2).

Using the classification of Gordon and Sartin (1978) and
Kenney and Doig (1986), into four endometrial biopsy gra-
des, the frequency of mares that fall into grades I, II, III and
IV were 49.2, 33.1, 12.7 and 5.1%. This shows that a great
majority of barren mares fall into the normal group (grade I)
or into discrete endometrial lesion (grade II). There was a sig-
nificant trend (P<0.001) to a decrease in fertility in the next

Table 4  Regression analysis biopsy grade and age on pregnancy rate and age on biopsy grade of the mares / Regressionsanalyse: Einfluss von 
histologischem Grad und Alter auf die Trächtigkeitsrate und Einfluss des Alters auf den histologischen Grad der Stute 

 
Dependent variable Intercept Coefficient Independent variable ! R2 (%) 

Pregnancy Rate 1.08579 -0.165 Biopsy Grade P<0.001 14.0 

Pregnancy Rate 1.13712 -0.026 Age P<0.001 14.7 

Biopsy Grade 1.25538 0.038 Age P<0.001 6.4 

 

Table 5     Frequency of degenerative (DEGROUP 1) and inflammatory lesions (INFGROUP 1) in the endometrium of young and aged mares / 
Häufigkeit von degenerativen (DEGROUP 1) und entzündlichen Läsionen (INFGROUP 1) im Endometrium junger und alter Stuten 
 
 DEGROUP 1 INFGROUP 1 

Young mares 5/71 7.0 %a
 22/71 31.0 %a

 

Old mares 14/35 40.0 %b
 10/35 28.6 %a

 

a,b Columns with different superscripts differ P<0.001 
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breeding season as the biopsy increases (Table 4). This obser-
vations agrees with previous studies (Kenney 1978, Gordon
and Sartin 1978) showing the practical application of the
endometrial biopsy to predict the potential fertility of mares.

This work shows that Crioulo breed has as other breeds like
the Thoroughbred 10 to 37% of endometrial problems (Asbu-
ry 1986).

There were only 3 of the 118 open mares that showed clini-
cal signs of endometritis upon speculum examination (puru-
lent secretion coming out of the cervix and laying down on
the floor of the vagina). From two of 3 mares, bacteria were
isolated (Streptococcus zooepidemicus and Escherichia coli).
In the following breeding season none of those 3 mares
became pregnant. Although the severity of the uterine
discharge, the usefulness of the procedure (vaginal examina-
tion) for diagnosing endometritis is very limited, since only 3
of 36 (8.3%) cases of histological inflammatory lesions of the
endometrium showed clinical signs. However, the importance
of clinical examination was demonstrated since none of the
mares with clinical signs became pregnant in the following
breeding season. On the other hand if one considers just the
clinical information 92.7% of the cases with histological
inflammation will be missed. This would stress the limitation
of the procedure and it has to be considered that during cli-
nical examination there is a higher proportion of mares in the
luteal phase of the cycle, when cervix is closed and no secre-
tion would come out from the uterus (Kenney 1978, Le Blanc
1993).

The most frequent bacteria isolated (11.8%) were Streptococ-
cus zooepidemicus and Escherichia coli, that agrees with
most of the foreign literature (Asbury 1986, Conboy 1978,
Wingfield-Digby and Rickets 1982, Le Blanc 1993) and local
reports (Amaral et al. 2007, Mattos et al. 1984). 

A great proportion of the mares with endometritis have other
causes than bacterial (Caslick 1937, Pimentel et al. 1997,
Amaral et al. 2007). In 79 mares without inflammation or
with mild lesions, 24 (30.4%) had bacterial growth. Similar
result was observed by Doig and Waelchi (1993) who found
inflammatory reaction in just 18% of the mares with positive
culture. This data indicates that potential pathogens can be
harvested from uteri of normal mares (Kenney 1978, Amaral
et al. 2007)

As the mares ages there is a trend to increase the score of
degeneration (Kenney 1978, Held and Rohrbach 1991) and
to present reduced fertility (Held and Rohrbach 1991; Van-
derwall et al. 1989). These results shows that age effects sig-
nificantly the fertility of the Crioulo breed and the age of
mares older than 15 had a significantly (P<0.0001) lower
pregnancy rate (55.6%) than mares younger than 15
(88.5%). Based on this result it can be recommended that
Crioulo mares older than 15 must receive a special attention
in order to have an acceptable reproductive performance. 

Aged mares had (P<0.0001) higher frequency of fibrotic
lesions of the endometrium DEGROUP 1 (40%) than in young
(7%), which would be an expected result, however there is no
information about the aging and fertility in the Crioulo breed.
The breed is claimed to be rough due to natural selection

process to which it was exposed during decades in southern
part of South America (Dowdall 1982) and a higher longevi-
ty would be expected.  The lower fertility of mares older than
15 is similar to what happens in other breeds (Held and Rohr-
bach 1991, Vanderwall et al. 1989) as reported for the Tho-
roughbred (Ricketts and Young 1990, Loy 1980).

Inflammatory lesions were not associated with age as it had
been previously reported in other breeds (Kenney 1978, Ken-
ney 1993). The reasons for these results are not clear. New
studies are recommended with larger number of animals. The
lower fertility of old mares can be attributed to fibrotic and not
inflammatory lesions of the endometrium. 

It can be concluded that the Crioulo breed has similar end-
ometrial lesions as that reported for other breeds and the fer-
tility of the affected mares is significantly reduced when com-
pared to normal mares. Aging process increases degenerati-
ve lesions of the endometrium and reduces fertility in the
Crioulo breed.
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