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Reliable methods for determining whether or not a bitch has ovarian tissue present are needed for cases
with unknown neutering status. Vaginal cytology consistent with heat is indicative of functional ovarian
tissue. Other methods are required when the bitch is not presented in suspected heat. Progesterone can
be analyzed during 2 months after suspected heat. During other stages, assays for the analyses of antiMüllerian hormone (AMH) and luteinizing hormone (LH) have been used. The AMH assay is expected to
give detectable concentrations (positive) in bitches with ovarian tissue, and the LH assay should give
negative results in intact bitches, except during the pre-ovulatory LH peak. The aim of the present study
was to study the diagnostic efﬁciency for detecting ovarian tissue in bitches using an AMH assay
developed for human samples, and a semi-quantitative rapid immune migration (RIM™) LH assay
developed for use in dogs. An AMH concentration of 0.1 mg/L, and an LH concentration of 1 mg/L, was
set as the cut-off for presence of ovarian tissue. Client or staff owned bitches were included (N ¼ 125).
There were 73 intact bitches that were classiﬁed as being in heat (N ¼ 25); in luteal phase (N ¼ 12); or in
anestrus (N ¼ 36), and 52 spayed bitches that showed no clinical signs of estrogen inﬂuence. In total 64
of the 73 intact bitches (88%) were correctly identiﬁed using AMH, and 70/73 (96%) intact bitches were
correctly identiﬁed using the LH assay. Excluding bitches in heat, the corresponding ﬁgures were 42/48
(88%) for AMH and 48/48 (100%) for LH. Of the 52 spayed bitches, 51 (98%) were correctly identiﬁed using
the AMH assay and 49 (94%) were correctly identiﬁed using the LH assay. In this population, the predictive value of a positive AMH for intact bitches was 98%, and of a negative AMH for spayed bitches was
85%. Excluding bitches in heat, the predictive value of a negative LH test for intact bitches was 94%, and
the predictive value of a positive LH test for identifying spayed bitches was 100%. It was concluded that
analyses of AMH and LH are useful for detecting ovarian tissue in bitches, but that low concentrations of
AMH may be obtained in intact bitches, classifying them as spayed. For LH, bitches in suspected estrus
should not be tested to avoid the pre-ovulatory LH-surge, that otherwise may cause intact bitches being
incorrectly identiﬁed as spayed.
© 2017 Elsevier Inc. All rights reserved.
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1. Introduction
There are several situations when it is desirable to be able to
determine whether or not ovarian tissue is present in a bitch. The
bitch may have been abandoned by her owner, and without a
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medical history it is difﬁcult to know whether or not she is spayed.
In other cases spayed bitches are presented with the suspicion of
the ovarian remnant syndrome, ORS, usually because of signs
associated with estrous behavior, but occasionally because of other
signs, such as abdominal pain [1]. If the bitch is presented in heat,
the diagnosis is usually straight forward. Vaginal cytology that is
consistent with proestrus, estrus or metestrus is indicative of estrogen inﬂuence and thus of functional ovarian tissue (Fig. 1a). Rare
causes of estrogen inﬂuence, such as exposure to exogenous estrogen treatments or excessive estrogen production by the adrenals, should preferably be ruled out. If the bitch has been showing
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Fig. 1. a. Schematic drawing of possible tests for detecting ovarian tissue during the different stages of the estrus cycle. b. Flow chart showing steps in investigations of ovaries in
bitches, based on the results of the present and other studies.

signs of estrus, and is presented within 2 months thereafter, serum
progesterone can be analyzed, and increased concentrations indicate presence of luteal tissue and thus ovaries or ovarian remnants
[2] (Fig. 1a).
When it is not known if the bitch has shown clinical signs of
estrus, or more than two months have passed since she showed
such signs, investigations may be challenging. In cases of ORS, the
time from surgery to appearance of the ﬁrst signs of heat has been
described to vary between one month and eleven years [3,4], longer
for bitches with neoplastic changes of the remnants [3]. Methods
for visualizing the remnants, such as ultrasonography, are not always reliable [3,4]. Although most often found at the region of the
ovarian pedicles, more often for the right ovary than left ovary [3],
ovarian structures have also been found in the omentum, making

them difﬁcult to ﬁnd even with laparotomy [4]. Therefore, blood
tests to conﬁrm the diagnosis are needed. One hormone that has
been used for determining neutering status is luteinizing hormone
(LH). LH is secreted in a pulsatile manner by the pituitary in
response to gonadotrophin-releasing hormone, GnRH. Low concentrations of LH are present throughout the cycle of the bitch, with
dramatic increases during the preovulatory surge. Transient pulsatile increases, lasting 50e110 min, can be seen every 1e8 h
throughout the cycle, increasing in frequency during late anestrus
[5,6]. Ovarian hormones, mainly estradiol, provide negative feedback on the LH secretion and in ovariectomized bitches the LH
concentrations are elevated, although secretion is still pulsatile
[5,7]. Analysis of serum concentrations of LH has previously been
reported to be highly sensitive in ﬁnding spayed bitches, but less
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speciﬁc, erroneously categorizing intact bitches as spayed. This has
been suggested to be caused either by the transient pulsatile increases, or, if the bitches are analyzed during heat, by the preovulatory LH surge [8].
The anti-Müllerian hormone (AMH) has also shown promising
results for determining presence of ovarian tissue in both cats and
dogs [9e12] (Fig. 1a). AMH was ﬁrst discovered as the agent causing
regression of the Müllerian tubes in the male fetus, but has subsequently been found to be present in both males and females [13].
In the female dog, as in other species, AMH is secreted by the
granulosa cells of pre-antral and antral stage follicles in the ovary
after puberty [10,14]. AMH inhibits initiation of primordial follicle
growth [15] and also the stimulatory effect of FSH on growth of
preantral and small antral follicles [16], important during cyclic
recruitment. AMH has a structure that has been well preserved
through evolution and thus is similar between different species
[20]. Enzyme-linked immunosorbent assays (ELISAs) developed for
humans have been possible to use in several species, including dogs
[9,14,17,18]. Canine-speciﬁc assays have been developed, some
showing promising [10,11] and others less promising [19] results
for predicting presence of ovarian tissue. Other potential indications for measuring serum AMH concentrations in dogs is e.g.
selection of breeding bitches, because of a relationship between
AMH concentration and litter size [20], prediction of estrus,
because of elevated concentrations 8e9 days before the LH-surge
[14], and diagnosis of Sertoli and granulosa cell tumors [18,21].
The aim of the present study was to study the diagnostic efﬁciency for detecting ovarian tissue in bitches using an AMH assay
developed for human samples, and a semi-quantitative rapid immune migration (RIM™) LH assay developed for use in dogs.
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2.2. Sampling
Blood samples were collected in a routine manner from the
cephalic vein. Sample time was not standardized, and samples were
collected during different times of the day. After clotting, the
samples were centrifuged and the serum was stored frozen
at 20  C for maximum three months and then at 70  C for
maximum a year, until analysis.

2.3. Hormone analyses
AMH and LH were analyzed in all samples.
For analysis of AMH, an enzyme-linked immunosorbent assay
(AMH Gen II Elisa, Beckman Coulter) was used according to
manufacturer instructions, as described previously [18]. A concentration as high as or higher than the lowest standard point; 
0.1 mg/L, was set as the limit for presence of ovarian tissue [21].
A semi-quantitative rapid immune migration (RIM™) assay
(Witness®LH, Synbiotics Corporation, San Diego, CA, USA) was used
for analyzing LH. The assay uses gold-conjugated antibodies to give
a visual line in the presence of LH. According to the manufacturer, a
line in the test area that has an intensity that is similar to or greater
than the control line is considered positive, with LH concentrations
being >1 ng/mL (1 mg/L) (Fig. 2). A positive result was regarded
indicative of ovariectomy in bitches that were not in heat. The LH
tests were blinded and all tests were performed by one of the authors (BSH).

2. Material and methods
The study was approved by the Uppsala Ethical Committee of
Animal Experimentation (C 136/13). All owners gave spoken or
written consent.
Blood samples were collected at four different clinics or animal
€ Animal Clinic, Anicura Regional Animal
hospitals in Sweden: Tyreso
Hospital Bagarmossen, Anicura Animal Hospital Albano and the
University Animal Hospital, Swedish University of Agricultural
Sciences (SLU), Uppsala.
2.1. Dogs
125 client or staff owned bitches were included, 52 spayed and
73 intact bitches. One sample per bitch was included. Common
breeds were: Labrador retriever (N ¼ 11), Springer spaniel (N ¼ 11),
Staffordshire bullterrier (N ¼ 7), Portuguese water dog (N ¼ 6),
Alsatian (N ¼ 6), Miniature schnauzer (N ¼ 5), and Standard poodle
(N ¼ 5). For other breeds the number of individuals were 4 or less.
13 dogs were mixed breed. The median age of all bitches was 6.8
years (inter-quartile range, IQR, 3.5e9 years, range 0.5e13 years)
and their median weight was 20.2 kg (IQR 9.5e28.7 kg, range
2.6e60.2 kg). For the spayed bitches, median age was 9.0 years (IQR
6.0e10.5 years, range 2e13 years) and median weight 21.0 kg (IQR
8.5e27.0 kg, range 2.6e60.2 kg). Intact bitches had a median age of
5.0 years (IQR 3.0e7.5 years, range 0.5e11 years) and median
weight 17.7 kg (IQR 10.0e29.1 kg, range 3.7e47.0 kg).
The 73 intact bitches were classiﬁed as in heat if they had a
bloody vaginal discharge (N ¼ 25) and in luteal phase if sampled
within two months after the discharge had ceased according to the
owner (N ¼ 12). The bitches were classiﬁed as in anestrus if they
showed no clinical signs of heat and their last heat was more than 2
months ago (N ¼ 36). None of the spayed bitches showed any
clinical signs of estrogen inﬂuence.

Fig. 2. Results from a semi-quantitative rapid immune migration (RIM™) LH assay
developed for use in dogs. A: A negative test, with no visible test line (2) and a positive
control line (3). B: A negative test, with a test line (2) weaker than the control line (3),
C: a positive test with a test line (2) similar to or, as in this case, stronger than the
control line (3).
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2.4. Statistical analysis
Descriptive data were calculated using Minitab 17. For intact
bitches, a linear regression model was ﬁtted with LogAMH as
response, age and weight as continuous predictors and estrus cycle
as categorical predictor. Sensitivity was calculated as the number of
bitches categorized as intact by the test divided by the total number
of intact bitches. Speciﬁcity was calculated as the number of bitches
categorized as spayed by the test divided by the total number of
spayed bitches. The positive predictive value (PPV) was calculated
as the number of intact bitches correctly identiﬁed by the test
divided by the total number of bitches categorized as intact based
on the test result, and the negative predictive value (NPV) was
calculated as the number of spayed bitches correctly categorized by
the test divided by the total number of bitches categorized as
spayed based on the test result.
3. Results
In total 64 out of the 73 intact bitches (88%) were correctly
identiﬁed using AMH (Table 1), and 70/73 (96%) (Table 2) were
correctly identiﬁed using the LH assay. Excluding bitches in heat,
the corresponding ﬁgures were 42/48 (88%) for AMH (Table 1) and
48/48 (100%) for LH (Table 2).
Of the 52 spayed bitches, 51 (98%) were correctly identiﬁed
using the AMH assay and 49 (94%) were correctly identiﬁed using
the LH assay. In one of the samples there was hemolysis, excluding
this bitch 50/52 (96%) of the spayed bitches were correctly identiﬁed using the LH assay. The AMH concentration in the spayed bitch
with a detectable AMH concentration was low (0.1 mg/L). The two
spayed bitches without hemolysis that were incorrectly identiﬁed
with the LH assay had both been spayed for more than ﬁve years.
In this population, with 58% intact bitches (48% intact when
excluding those in heat), the predictive value of a positive AMH for
intact bitches was 98%, and of a negative AMH for spayed bitches
was 85%. The predictive value of a negative LH for intact bitches was
96%, and of a positive LH for spayed bitches 94%. Excluding bitches
in heat, the predictive value of a positive AMH for intact bitches was
98%, and the predictive value of a negative AMH for spayed bitches
was 89%. For LH, excluding bitches in heat, the predictive value of a
negative test for intact bitches was 94%, and for a positive test it was
100% for identifying spayed bitches. The concentration of AMH in
intact bitches was neither associated with age or weight, nor with
estrus cycle. The median AMH concentration was 0.4 mg/L stages,
ranging from <0.1 mg/L to 2.2 mg/L.
4. Discussion
In the present study of bitches during different stages of the

Table 1
Results for 125 serum samples that were tested with a commercial test for AMH to
distinguish between ovariectomized and intact bitches. Results when excluding
bitches in heat (N ¼ 100) within parentheses.
Ovarian status

Intact (Not in heat)
Spayed
Total (Not in heat)

Result of AMH analysis

Total

AMH pos (0.1 mg/L)

AMH neg (<0.1 mg/L)

64 (42)
1
65 (43)

9 (6)
51
60 (57)

73 (48)
52
125 (100)

AMH pos: indicative of ovarian tissue present, AMH neg: indicative of ovariectomized.
SE for detecting ovarian tissue: 64/73 ¼ 88% SP for detecting ovariectomy: 51/
52 ¼ 98% PPV: 64/65 ¼ 98%, NPV: 51/60 ¼ 85%.
Excluding bitches in heat: SE: 42/48 ¼ 88%, SP: 51/52: 98% PPV: 42/43: 98%, NPV: 51/
57: 89%.

Table 2
Results for 125 serum samples that were tested with a commercial test for LH to
distinguish between ovariectomized and intact bitches. Results when excluding
bitches in heat (N ¼ 100) within parentheses.
Ovarian status

Result of LH analysis

Total

LH neg (1 mg/L)

LH pos (>1 mg/L)

Intact (Not in heat)
spayed
Total (Not in heat)

70 (48)
3
73 (51)

3 (0)
49
52 (49)

73 (48)
52
125 (100)

LH neg: indicative of ovarian tissue, LH pos: indicative of ovariectomized.
SE: 70/73 ¼ 96%, SP 49/52 ¼ 94% NPV: 70/73: 96%, PPV: 49/52: 94%.
Excluding bitches in heat: SE: 48/48 ¼ 100%, SP: 49/52 ¼ 94% NPV: 48/51 ¼ 94%,
PPV: 49/49 ¼ 100%.

estrus cycle and of spayed bitches, both AMH and of LH had a high
sensitivity for determining presence of ovaries. Excluding bitches in
estrus, AMH correctly identiﬁed 88% and LH 100% of the intact
bitches.
AMH concentrations in intact bitches were neither associated
with age or weight, nor with the estrus cycle. This is in contrast to a
previous study, showing a decreasing AMH concentration with age
of the bitches [20], as has been shown in other species such as
people [22] and mice [23]. An association between AMH concentrations and dog weight has recently been reported, describing
signiﬁcantly lower concentrations in giant breeds [20]. The lack of
association between AMH concentrations and age or weight in the
present study may be due to a limited variation of age and weight.
That there was no signiﬁcant relationship between AMH concentrations and estrus cycle is in accordance with a previous study [19].
A transient increase in AMH associated with an increasing number
of pre-antral and small antral follicles has been described by
Nagashima and co-workers [14]. However, although concentrations
were elevated for one to two weeks, there were large variations
between individual bitches concerning both baseline and peak
values, possibly contributing to the lack of effect of estrus cycle in
the present study.
When investigating whether ovaries or not are present in a
bitch, a thorough clinical examination and vaginal cytology is an
important ﬁrst step to determine if the bitch is showing signs of
estrogen inﬂuence. Such signs may be swelling of the vulva, a
vaginal discharge and presence of corniﬁed vaginal cells (superﬁcial cells). If a clinical and cytological investigation is clearly
indicative of estrogen inﬂuence, this indicates presence of ovarian
tissue. In less clear cases, further tests may help in the decision
making (Fig. 1b). If testing is performed within 2 months of a period
of suspected signs of estrus, progesterone can be analyzed. Testing
for LH is both sensitive and speciﬁc, but bitches potentially in heat
should not be tested, as the pre-ovulatory LH-peak during this
phase may lead to misleading results. In the present study, 24% of
bitches in heat (6/25) had a positive LH result, potentially leading to
a misinterpretation of the ovarian status. Bitches in heat were
suggested to contribute to the high number of “false positive“
bitches in a previous study on LH for determining ovarian status [8].
In the present study, excluding bitches in heat, no intact bitches
were wrongly classiﬁed (positive) with the LH analysis. No measures (such as standardized sampling times) were undertaken to
avoid LH pulses, and the results are thus representative of the
clinical situation. The reason for the difference between the two
studies is not known. Possible causes include different populations
(the proportion of bitches in heat was not known in the previous
study) and differences between the LH tests. There is a certain
degree of subjectivity in the interpretation of the test line, especially when deciding if the line is similar (but slightly weaker) in
intensity (and the test result thus is positive), or if the line is clearly
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weaker, corresponding to a negative test result. In cases when this
decision is difﬁcult to make, a repeated sampling can be advised. A
new sampling can also be recommended if the test result is positive
and it is not clear whether the bitch was sampled during heat or
not. The AMH and LH tests can be combined, using a positive AMH
as a reliable means of identifying intact bitches and a positive LH as
a reliable test for identifying spayed bitches (if bitches in heat are
excluded).
A drawback of the present study was that the studied bitches
were either intact or spayed, with no case of ORS included. It has
previously been described that the LH concentrations are signiﬁcantly higher in bitches with ORS than in anestrous bitches,
although lower than in spayed bitches, and it has been suggested
that this may be due to a lower sensitivity of the negative feed-back
by ovarian hormones [4]. Higher LH concentrations than in anestrous bitches have also been described in bitches with neoplastic
changes of the ovarian remnant, often a granulosa cell tumor [24],
and it has been suggested that a high concentration of gonadotropins contributes to the development of GCT [4]. How these
bitches will be categorized will depend on the cut-off of the speciﬁc
LH test, but it is possible that the number of “false positive” LH tests
(categorizing bitches with ovarian remnants as spayed) will be
higher in bitches with ORS than in intact bitches. If a granulosa cell
tumor is suspected, analysis of AMH is recommended, as these
tumors give rise to high AMH concentrations [21].
After spaying, the LH concentration increases quickly, followed
by a sharp drop by the tenth week after spaying. After that, it rises
slowly until week 42 when it reaches a plateau [25]. The median LH
concentration in spayed bitches is 30-fold higher than the concentration in anestrus bitches [26]. Interestingly, three spayed
bitches tested negative for LH. One of these samples was hemolytic,
with a line clearly weaker than the control line. This test result is in
agreement with the recommendation of the manufacturer not to
use hemolyzed or lipemic samples. The other two spayed bitches
that tested negative had been spayed for many years. In bitches
with experimentally induced hypothyroidism, the lack of feed-back
from thyroid hormones initially caused an increase in thyroid
stimulating hormone (TSH), but the high TSH concentration
declined with time [27]. Such a loss of pituitary response to the lack
of negative feed-back could potentially be a cause of the negative
LH result in the two bitches with negative results, but, on the other
hand, bitches that had been ovariohysterectomized >7 and > 10
years ago have previously been shown to have high LH concentrations [8]. There may be individual variations between bitches,
and the background to the negative LH results in these two spayed
bitches is not known.
Using the AMH assay, one of the 52 spayed bitches had a
detectable AMH concentration, just on the cut-off level (0.1 mg/L).
That bitch showed no clinical signs of estrogen inﬂuence, and was
positive for LH, and it is therefore not likely that she had an unknown ovarian remnant. Cases with increased AMH concentration
in spayed bitches were also described by Place and co-workers [9].
The cause is not known, but it may be due to assay interference.
Assay interference due to heterophilic antibodies, causing falsely
high AMH concentrations, has been described in a human patient
[28], and has also been suspected in bitches [21]. The number of
intact bitches (12%) testing negative for AMH was higher than the
number of spayed bitches with a falsely high AMH concentration. It
is important to realize that AMH concentrations can be low in intact
bitches using this assay. Results from AMH analyses, especially if
negative, should preferably be interpreted in conjunction with
other data. Non-detectable AMH concentrations in intact bitches
were also found by Place et al., using an assay developed for human
samples [9]. The assay kit for human AMH used in the present study
was in a previous report found to be better than a canine AMH kit
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for detecting canine AMH [19]. Another canine AMH assay has
shown more reliable results, with generally higher AMH concentrations [10,11,20]. Due to the low concentration of AMH in bitches,
a more sensitive assay adapted to the species may thus be valuable.
It is worth noting that using a canine AMH assay, bitches with ORS
were correctly diagnosed, with high AMH concentrations, in a
previous study [11]. Storage is a factor that may affect AMH results.
It has been shown that when human whole blood is stored in room
temperature, the concentrations of AMH may increase, about 30%
in 3.5 days [29], but this has not been described in canine samples
[20].
5. Conclusion
Analysis of AMH and LH is useful for detecting ovarian tissue in
bitches but the results must be interpreted with understanding of
the variations during the cycle. For AMH, low concentrations may
be obtained in intact bitches, leading to incorrectly classifying them
as spayed. For LH, it is important that bitches are not tested during
heat, to avoid intact bitches being wrongly classiﬁed as spayed.
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