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Abstract
Background Uterine health status is a key factor for dairy management.
Methods The uteri of 28 Holstein cows were assessed weekly by three different methods: ultrasonography (UT),
Metricheck device (MT) and cytobrush (CYT), during two weeks to seven weeks postpartum.
Results The percentage of cows with an MT-positive, UT-positive and CYT-positive result decreased dramatically
at three weeks, four weeks and five weeks postpartum, respectively. The agreement of the results was poor or
weak within six weeks postpartum (κ=0.09–0.35), and only at seven weeks moderate or good agreement was
achieved (κ=0.60–0.70). When comparing the results obtained by UT and MT, 30 per cent or more of the total
cows had conflicting results from postpartum three weeks to six weeks. The uterine health of cows was re-
evaluated by the combined usage of UT and MT referring to CYT. The highest sensitivity was achieved when
positive individuals were identified as either MT-positive or UT-positive, whereas the highest specificity occurred
when results were positive by both MT- and UT- methods.
Conclusion The accuracy of early postpartum uterine health status by three methods depended heavily on the
time postpartum. The combined use of UT and MT is a practical candidate for cow-side monitoring method of
uterine health.
Introduction
Reproductive performance is a key factor for the
profitability of the dairy industry.1 2 For improving the
fertility of a dairy herd, postpartum genital organs
need to be restored completely within the voluntary
waiting period. After calving, the uterus contracts
immediately and rapidly, the entire genital tract returns
to the normal size, and uterine involution continues
morphologically until five weeks postpartum.3 Bacterial
contamination is almost sufficiently eliminated by six
weeks to seven weeks postpartum,4 and the uterine
endometrium is fully regenerated within eight weeks.3
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Although almost all dairy cows usually acquire a
functionally normal uterus within approximately
eight weeks postpartum, 20 per cent to 40 per cent or
more of cows may develop one or more uterine diseases
during the early lactation period, resulting in economic
loss because of decreased milk production, impaired
fertility, premature culling and death.5
To distinguish abnormal uterine status from
normal status, several monitoring methods have
been developed and applied in the field conditions.
In addition to conventional rectal palpation of the
uterus, ultrasonography (UT) has been applied for
monitoring the genital status as a non-
laboratory
method, which can directly confirm the presence or
absence of echogenic fluid in the uterus. It has been
shown that the intrauterine echogenic fluid might be
associated with bacterial growth and delayed clearance
of the inflammatory response substances6 and could
be a promising indicator for subsequent reproductive
performance.7–9
To detect vaginal discharge, a Metricheck device
(MT) has been developed as a practical tool, which is
as an alternative to traditional vaginoscopy.10 Vaginal
discharge is the most evident indicator to determine
1
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Materials and methods
Cows and herd management
Data presented in this study were collected from 28 (7
primiparous and 21 multiparous) lactating Holstein
cows. The cows calved between January 2016 and
December 2017 at the Livestock Research Institute of
the Aomori Prefectural Industrial Technology Research
Centre (Noheji, Aomori, Japan). Cows were housed in
a free-stall barn after parturition, fed a diet formulated
according to Japanese feeding standards (Agriculture,
Forestry and Fisheries Research Council Secretariat,
2006), and milked twice a day (at 08:30 and 17:00). The
rolling herd average of milk yield was 10,320 kg per cow.
Experimental design
All cows were examined once a week for six weeks by
one veterinarian. First, vaginal discharge was collected
by MT, followed by UT and CYT at two weeks (mean±SD:
14.1±0.8 days in milk), three weeks (21.0±0.9), four
weeks (28.0±0.9), five weeks (35.1±1.0), six weeks
(42.2±0.9) and seven weeks (49.2±0.9) after normal
calving.
Vaginal discharge collection by the MT
Vaginal discharge was collected using MT (Simcro Tech,
Hamilton, New Zealand) as previously described,10
2

with some modifications. The material within the
concave surface of the device and/or adherent to
the convex surface was assessed for categories on a
0–5 scale (0=no discharge, 1=clear mucus, 2=flecks
of purulent material within otherwise clear mucus,
3=mucopurulent but less than 50 per cent purulent
material, 4=mucopurulent with more than 50 per cent
purulent material and 5=mucopurulent with more than
50 per cent purulent material and with an odour). The
cows with the categories at least 2 were determined
as MT-positive, and the others as MT-negative.10 The
devices were rinsed in an antiseptic solution between
cows.
UT examination
Intrauterine fluid was monitored using a real-
time
linear array ultrasound scanner equipped with a
7.5 MHz rectal probe (HS-1600; Honda Electronics,
Tokyo, Japan). Scanning was performed carefully and
slowly along the dorsal/lateral surface of the uterus,
and the equipment was supplied with image freeze
for observation of intrauterine fluid at the base of
each horn (approximately 5 cm anterior to the uterine
body). The intrauterine fluid was categorised on a 0–2
scale (0=anechogenic, 1=echogenic compact contents,
2=echogenic fluctuant contents).9 The cows evaluated
with the categories at laest 1 by UT examination
were determined as UT-
positive, and the others as
9
UT-negative.
Endometrial cytology by the CYT
Endometrial samples for cytological examination
were collected using a CYT (Fujihira Industry, Tokyo,
Japan). Endometrial cytology was conducted as
previously described7 with some modifications. The
instrument was placed in a sanitary plastic sleeve (IMV-
Technologies, L’Aigle, France), and was sterilised by
ethylene oxide gas before use. The covered instrument
was passed through the vagina to the external cervical
os, the sanitary sleeve punctured, and the instrument
advanced through the cervix into the body of the uterus
where the stainless-steel tube was retracted to expose
the brush. Endometrial cytology samples were collected
by rotating the brush while in contact with the uterine
wall. The brush was retracted into the stainless-steel
tube before removal from the uterus. Cytology slides
were prepared by rolling the brush on a clean glass
microscope slide for each sample.
Slides were stained with Diff-Quick stain (SYSMEX
Corp, Hyogo, Japan), and air dried. Three hundred cells
were counted under a microscope (magnification ×400)
to determine the percentage of polymorphonuclear
leucocytes (PMN%). The threshold value used for
the proportion of PMN% indicating the presence
of endometrial inflammation for each week was
determined by referring to previous studies (two weeks
and three weeks ≥18 per cent, four weeks ≥8 per cent,
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the presence or absence of the genital inflammatory
response for veterinary practitioners. The influence of
abnormal vaginal discharge, such as that containing pus,
on subsequent fertility has been clearly revealed.11–13
The device is easy to insert and to clean between cows
and is as efficient as vaginoscopy for detecting vaginal
materials.14
Recently, the cytobrush (CYT) technique has been
recommended as a more accurate method to evaluate
uterine endometrial health status in cattle. By observing
cells on the endometrial surface, this method enables
to assess the severity of endometrial inflammation by
determining the percentage of polymorphonuclear cells
(PMN%).7 15 However, CYT is a laboratory method and
requires more skilful sampling of veterinarians. Referring
to CYT, the practical availability of two non-laboratory
methods, UT and MT, has been investigated.7 10 13 16–18
In these studies, only a pair of methods have been
compared after parturition, but no comparison among
the three methods has been conducted. Moreover, those
studies estimated the availability from only one or two
examinations conducted with a wide range of sampling
timing such as four weeks to six weeks or three weeks to
seven weeks postpartum.
The first objective of this study was to describe
and compare weekly postpartum uterine status by
monitoring three different methods: UT, MT and CYT,
during two weeks to seven weeks postpartum. The
second objective was to evaluate the practical potential
of combined usage of two non-laboratory methods: UT
and MT.

Statistical analysis
All statistical analyses were performed using the JMP
statistical software (JMP Statistics and Graphics guide,
V.13.0; SAS Institute, Cary, North Carolina, USA).
A weekly descriptive analysis for the indications
monitored by three methods was performed. The
distribution of PMN% was illustrated as a box plot
diagram. Data for the PMN% for each week were
not normally distributed. Therefore, the data were
transformed to ranks and multiple comparisons of
the mean values for each week were performed using
the Kruskal-Wallis test, and the differences between
weeks were analysed by the Steel-Dwass test. By using
the decisions obtained by three different methods, the
level of agreement between the tests was examined
using the κ statistic.20 For κ value agreement, less
than 0.00, between 0.01 and 0.20, between 0.21 and
0.40, between 0.41 and 0.60, between 0.61 and 0.80
and greater than 0.81 was interpreted as poor, very
weak, weak, moderate, good, and excellent agreement,
respectively.20
Using CYT as a reference, sensitivity and specificity
were determined for the single usage of UT and MT.
For the combined usage, both the UT and MT results
had to be positive for the final decision to be positive
or either the UT or MT result had to be positive for the
final decision to be positive. Sensitivity and specificity
of non-laboratory methods (UT, MT and combinations)
were defined as follows; the sensitivity is the proportion
of positive cows determined also positive by CYT, and
the specificity is the proportion of negative cows
determined also negative by CYT.
A probability of P<0.05 was considered significant.

Results
Description of the population
All cows had a normal delivery with no clinical
complications and a total of 3 (10.7 per cent) of the 28
cows delivered twins. Data from 1, 2 and 5 cows were
eliminated from the 28 cows at four weeks, six weeks
and seven weeks postpartum, respectively, because of
missing values for the uterine examination.
A weekly descriptive analysis for the indications
monitored by the three methods
Metricheck device
Table 1 shows the percentage of the cows with MT
categories on a 0–5 scale from two weeks to seven weeks
postpartum. At two weeks postpartum, more than 90
per cent of cows were assessed with a category at least
2, whereas there was only one cow with a category less
than 2. From postpartum two weeks to three weeks, the
Vet RecorD | 

Table 1 Percentage (number) of the cows with Metricheck device (MT)
categories on a 0–5 scale from two weeks to seven weeks postpartum
% (n) of MT-category*
0
Week

1

2

3

4

5

Total
No.

2

3.6 (1)

0.0 (0)

25.0 (7)

25.0 (7)

32.1 (9)

14.3 (4)

28

3

14.3 (4)

39.3 (11)

28.6 (8)

17.9 (5)

0.0 (0)

0.0 (0)

28

4

18.5 (5)

44.4 (12)

14.8 (4)

18.5 (5)

3.7 (1)

0.0 (0)

27

5

10.7 (3)

60.7 (17)

17.9 (5)

10.7 (3)

0.0 (0)

0.0 (0)

28

6

15.4 (4)

50.0 (13)

19.2 (5)

11.5 (3)

3.8 (1)

0.0 (0)

26

7

34.8 (8)

52.2 (12)

4.3 (1)

4.3 (1)

0.0 (0)

4.3 (1)

23

* 0=no discharge, 1=clear mucus, 2=flecks of purulent material within otherwise clear mucus,
3=mucopurulent but less than 50% purulent material, 4=mucopurulent with more than 50%
purulent material, and 5=mucopurulent with more than 50% purulent material and with an odour.

frequency of the cows with a category of 0 or 1 increased
rapidly and those with a category of 4 or 5 decreased.
Thus, at three weeks postpartum, the percentage of
MT-positive cows declined dramatically by 50.0 points
(from 96.4 per cent to 46.4 per cent). There was no
significant change in the distribution of the categories
from three weeks to six weeks postpartum. Then, the
frequency of cows with categories of 2 and 3 decreased
by 22.1 points, and that of the cows with categories
of 0 and 1 increased by 21.6 points at seven weeks
postpartum.
Ultrasonography
The distribution of the number of UT categories on a
0–2 scale from two weeks to seven weeks postpartum
is shown in table 2. At two weeks postpartum, only
7.2 per cent of the cows had a category of 0 or 1,
and most of the cows were assessed as category
of 2. From two weeks to three weeks postpartum,
the number of cows with a score of 0 was constant,
although the distribution of cows with a category of
1 increased and those with a category of 2 decreased.
At four weeks postpartum, the frequency of cows with
a category of 0 exceeded 50.0 per cent, resulting in
the percentage of UT-positive cows rapidly reducing
by 41.2 points (from 89.3 per cent to 48.1 per cent).
Then, the number of cows having a category of 1 or 2
gradually decreased.
Cytobrush
Figure 1 shows the PMN% evaluated by CYT from two
weeks to seven weeks postpartum as a box plot diagram.
The mean PMN% decreased continuously, and the
values at two weeks and three weeks postpartum were
significantly higher compared with those at five weeks
to seven weeks postpartum. At five weeks postpartum,
the percentage of CYT-positive cows decreased rapidly
by 31.0 points (from 66.7 per cent to 35.7 per cent). As
summarised in figure 2, the percentage of cows with
an MT-
positive, UT-
positive and CYT-
positive result
decreased dramatically at three weeks, four weeks and
five weeks postpartum, respectively.
3
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five weeks to seven weeks ≥6 per cent).7 8 16 19 The cows
that exceeded the threshold of PMN% were determined
as CYT-positive, and the others as CYT-negative.

with MT-positive1
with UT-positive2

% (n) of UT- category *
Week

1

2

Total No.

2

3.6 (1)

3.6 (1)

92.9 (26)

28

3

10.7 (3)

46.4 (13)

42.9 (12)

28

4

51.8 (14)

29.6 (8)

18.5 (5)

27

5

67.9 (19)

21.4 (6)

10.7 (3)

28

6

73.0 (19)

26.9 (7)

0.0 (0)

26

7

78.2 (18)

13.0 (3)

8.7 (2)

23

*0=anechogenic, 1=echogenic compact contents, 2=echogenic fluctuant contents.

Agreement between the UT, MT and CYT results
The agreement of each pair of tests was poor or weak,
excluding seven weeks postpartum (table 3), at which
the κ values indicated moderate or good agreement.
The disagreement between the two non-
laboratory
methods is summarised in figure 3. From postpartum
three weeks to six weeks, results from 30 per cent or
more of the total cows disagreed. The cows with the
UT-positive and MT-negative results accounted for 43.0
per cent of the total cows at three weeks postpartum,
while the cows with the UT-negative and MT-positive
accounted for 23.0 per cent of the total at postpartum
six weeks.
Sensitivity and specificity for UT, MT and combinations
Using CYT as a reference technique, the sensitivities
and specificities for single and combined usages of UT
and MT from two weeks to seven weeks postpartum
are shown in table 4. The highest sensitivity was
achieved when positive individuals were identified as
either MT-positive or UT-positive, whereas the highest
specificity occurred when results were positive by both
MT and UT methods.

40%

20%

0%

Table 3 κ value agreement of the tests from two weeks to seven weeks
postpartum
κ† (95% CI‡)

P value

−0.04 (-0.09 to 0.01)

0.84

Median

MT * CYT

−0.06 (-0.17 to 0.04)

0.63

Outliners

CYT * UT

−0.06 (-0.17 to 0.04)

0.63

MT * UT

0.19 (-0.01 to 0.39)

0.09

MT * CYT

0.09 (-0.25 to 0.43)

0.61

CYT * UT

−0.01 (-0.29 to 0.26)

0.92

MT * UT

0.33 (-0.02 to 0.65)

0.08

MT * CYT

0.18 (-0.12 to 0.48)

0.26

CYT * UT

0.34 (0.01 to 0.67)

0.06

MT * UT

0.24 (-0.13 to 0.62)

0.20

MT * CYT

0.35 (-0.01 to 0.71)

0.06

CYT * UT

0.28 (-0.08 to 0.65)

0.13

MT * UT

0.10 (-0.28 to 0.49)

0.59

MT * CYT

0.21 (-0.17 to 0.60)

0.27

CYT * UT

0.34 (-0.05 to 0.74)

0.08

MT * UT

0.70 (0.32 to 1.00)

<0.01

MT * CYT

0.60 (0.20 to 0.99)

<0.01

CYT * UT

0.64 (0.27 to 1.00)

<0.01

PMN%
20%

6

0%

7

Mean

27.3

9.9b,d

6
10.5b,d

7
8.5b,d

Figure 1 Box plot diagram showing the median, minimum, maximum and
interquartile range values for the weekly percentage of polymorphonuclear
leucocytes (PMN%) evaluated by the cytobrush technique from two weeks to
seven weeks postpartum.a, b; values with different letters are significantly different
(P<0.01).c, d; values with different letters are significantly different (P<0.05).

4

7

Discussion
This is the first study to compare the three different
methods: UT, MT and CYT, for monitoring uterine
health and to describe the details of weekly indications
during the early postpartum period. It is generally
considered that almost all methods for evaluating

5

5

6

Combination of methods*

40%

4

5

Figure 2 Percentage of cows MT-positive1, UT-positive2 and CYT-positive3
results from two weeks to seven weeks postpartum.1 MT-positive; the cow with
Metricheck category at least 2 was defined as positive.2 UT-positive; the cow with
ultrasonography category at least 1 was defined as positive.3 CYT-positive; the
threshold values at weeks 2 and 3, 4, 5 to 7 were ≥18 %, ≥8 %, ≥6 %, respectively,
and the cows that exceeded the threshold for PMN% were defined as CYT-
positive. CYT, cytobrush; MT, Metricheck device; UT, ultrasonography.

4

32.0c

4

MT * UT

60%

3

3

Week

3

48.0a

2

Week

80%

2

60%

2

100%

Week

with CYT-positive3

80%

% of cows

0

*MT, Metricheck device; UT, ultrasonography; CYT, cytobrush.
†Kappa value (κ) agreement was interpreted as: less than 0.00, between 0.01 to 0.20, between
0.21 to 0.40, between 0.41 to 0.60, between 0.61 to 0.80, greater than 0.81 was poor, very weak,
weak, moderate, good and excellent agreement, respectively.
‡95% CI; 95 per cent confidence interval.

 | Vet Record

Veterinary Record: first published as 10.1136/vr.105300 on 26 November 2019. Downloaded from http://veterinaryrecord.bmj.com/ on September 19, 2020 by guest. Protected by copyright.

100%

Table 2 Percentage (number) of the cows with ultrasonographic (UT)
categories on a 0–2 scale from two weeks to seven weeks postpartum

with UT-negative and

MT-positive2

% of cows

50%

40%

30%

20%

10%

0%

2

3

4

5

6

7

Week

Figure 3 Percentage of the cows with the disagreement results between the
two non-laboratory methods from two weeks to seven weeks postpartum. 1with
UT-positive and MT-negative; the cow with ultrasonography category at least 1 and
with Metricheck category less than 2. 2with UT-negative and MT-positive; the cow
with ultrasonography category less than 1 and with Metricheck category at least 2.

uterine health are poor alternatives for each other.
Previous studies comparing results obtained by MT and
CYT indicated that the agreement of the tests was poor
or fair (κ=0.30 during four weeks to six weeks,17 κ=0.14
at five weeks16), and similarly low κ values were also
obtained when comparing the results using UT and CYT
(κ=0.33 during three weeks to seven weeks,18 κ=0.11–
0.25 during four weeks to six weeks8). In this study,
the agreement of each pair of methods was also poor
or weak (κ=0.09–0.35) within six weeks postpartum,
and at seven weeks moderate or good agreement was
achieved (κ=0.60–0.70).
Table 4 Sensitivity and specificity for single and combined usages of
ultrasonography (UT) and Metricheck device (MT) from two weeks to
seven weeks postpartum
Week

Single or combined
techniques*

2

MT

95.7

0.78 to 0.99

0.0

0.00 to 0.00

UT

95.7

0.78 to 0.99

0.0

0.00 to 0.00

Both MT and UT

91.3

0.72 to 0.98

0.0

0.00 to 0.00

Either MT or UT
3

4

5

6

7

Sensitivity
%

95％ confidence
interval

Specificity
%

95％ confidence
interval

To improve the low level of agreement, one previous
study proposed to optimise more clearly the timing
of examination determining uterine status relative
to calving.21 The weekly uterine health examinations
in the present study demonstrated that it is difficult
to standardise the examination timing because each
indication obtained by the three different methods
frequently conflicted within six weeks postpartum.
Results between three weeks to six weeks postpartum
in 30 per cent or more cows disagreed when comparing
UT and MT methods. This means that intrauterine
echogenic fluid can be detected in the absence of vaginal
discharge containing pus, in contrast, vaginal discharge
containing pus can be detected in the absence of
intrauterine echogenic fluid. In the authors’ opinion these
complicated results should confuse veterinarians trying
to evaluate uterine health status in the field condition.
Most of the previous studies on reliability of UT or MT to
estimate uterine status have focused on single usage.8 16–18
The present study indicates that the combined usage of UT
and MT could provide mostly equivalent results as CYT; the
highest sensitivity was achieved when positive individuals
were identified as either MT-positive or UT-positive, whereas
the highest specificity occurred when results were positive
by both MT and UT methods. Thus, the former application
is recommended when practitioners hope to decrease
negative results, and the latter is recommended
false-
when practitioners hope to decrease false-positive results.
Usefulness of this combined methods should be verified
in future studies with large number of animals at different
times postpartum.
In conclusion, the accuracy of early postpartum
uterine health status by the three methods depended
heavily on the time postpartum. The combined use of UT
and MT is a practical candidate for a cow-side monitoring
method of uterine health.
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100.0

1.00 to 1.00

0.0

0.00 to 0.00

MT

50.0

0.26 to 0.73

60.0

0.26 to 0.87

UT

88.9

0.65 to 0.98

10.0

0.00 to 0.44

Ethics approval The Institutional Animal Care and Use Committee of Kitasato
University approved the experimental protocol.

Both MT and UT

50.0

0.26 to 0.73

60.0

0.26 to 0.87

Data availability statement Data are available on request.

Either MT or UT

88.9

0.65 to 0.98

10.0

0.00 to 0.44

MT

44.4

0.21 to 0.69

77.8

0.20 to 0.97

UT

61.1

0.35 to 0.88

77.8

0.20 to 0.97

Both MT and UT

33.3

0.13 to 0.59

88.9

0.51 to 0.99

Either MT or UT

72.2

0.46 to 0.90

66.7

0.29 to 0.92

MT

50.0

0.18 to 0.81

83.3

0.58 to 0.97

UT

50.0

0.18 to 0.81

77.8

0.52 to 0.93

Both MT and UT

30.0

0.01 to 0.65

94.4

0.72 to 0.99

Either MT or UT

70.0

0.36 to 0.93

66.7

0.44 to 0.88

MT

50.0

0.15 to 0.84

72.2

0.46 to 0.90

UT

50.0

0.15 to 0.84

83.3

0.58 to 0.96

Both MT and UT

37.5

0.01 to 0.75

100.0

1.00 to 1.00

Either MT or UT

62.5

0.24 to 0.91

55.6

0.30 to 0.78

MT

50.0

0.11 to 0.88

100.0

1.00 to 1.00

UT

66.7

0.22 to 0.95

94.1

0.71 to 0.99

Both MT and UT

50.0

0.11 to 0.88

100.0

1.00 to 1.00

Either MT or UT

66.7

0.22 to 0.95

94.1

0.71 to 0.99

*MT, Metricheck device; UT, ultrasonography; Both MT and UT, both methods being positive as final positive; Either MT or UT,
either of the methods being positive as final positive.
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