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a  b  s  t  r  a  c  t

The  overall  aim  of  this  study  was to  describe  uterine  bacterial  flora  during  the  postpartum
period  in  Danish  Holstein  cows  using  the  Terminal  Restriction  Fragment  Length  Polymor-
phism  (T-RFLP)  method.  This method  produces  a  pattern  of nucleic  acid  fragments  from  the
microorganisms  present,  reflecting  the  “fingerprint”  of  the  actual  microbial  flora.  As well as
characterizing  changes  in flora  with  time  from  calving  and  between  herds,  data  were  exam-
ined  for  strong  relations  between  uterine  bacterial  flora,  calving  management  and  uterine
condition.  In  total  125  Holstein  cows  from  five  herds  were  included,  and  for each  cow  calv-
ing management  was  recorded.  Cows  were  clinically  examined  on average  8 (range 0–19)
and 28  (range  22–38)  days  after  calving,  and  a  uterine  sample  was  taken  for  bacterial  iden-
tification  using  T-RFLP.  Milk  samples  were  taken  weekly  for progesterone  analysis.  Bacteria
were found  in  all  cows  at both  examinations,  and  the  flora  was  composed  of many  species,
including  species  not  traditionally  reported  to  be  present  in the  bovine  uterus.  The  bacterial
composition  differed  according  to days  from  calving  and  herd.  In  all five  herds  Fusobacterium
necrophorum, Pseudomonas/Acinetobacter  and  Bacteroides/Sphingobacterium/Prevotellaceae

were  among  the  most  common  at both  examinations.  In four  herds  there  was  a  percentage
decrease  of  F. necrophorum  from  first to second  examination,  and  in  all herds  there  was
a percentage  increase  of  Pseudomonas/Acinetobacter  from  first  to second  examination.  No
differences  in  bacterial  flora  were  found  between  cows  with  different  uterine  scores,  which
were influenced  by  herd,  calving  difficulty  and  retained  placenta.
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ood Park 15, Skejby, 8200 Aarhus N, Denmark. Tel.: +45 87405304.
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1. Introduction
In cows with a normal puerperium, prevalence and con-
sequences of bacteria in the uterine lumen is debated.
In some studies bacterial cultures were found in a high
proportion of puerperal cows (Elliott et al., 1968; Griffin
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et al., 1974; Hussain et al., 1990) while in other stud-
ies they were not (Bekana et al., 1996; Fredriksson et al.,
1985; Noakes et al., 1991). Prevalence rates of Strepto-
cocci spp. and Staphylococci spp. may  be greater in cows
with uncomplicated postpartum (p.p.) period, indicating
a sort of ‘normal’ uterine flora (Huszenicza et al., 1999).
From cows with abnormal uterine conditions, bacteria as
Escherichia coli,  Arcanobacterium pyogenes and gram neg-
ative anaerobes (e.g. Bacteroides spp. and Fusobacterium
spp.) are more often isolated (Santos et al., 2011; Sheldon
et al., 2008; Werner et al., 2012); such bacterial flora is
characterized as “contamination” or “infection” (Sheldon
et al., 2002). Among pathogenic bacteria, A. pyogenes is
often related to a serious effect on reproduction (Griffin
et al., 1974; Huszenicza et al., 1999; Williams et al., 2005).
In some studies the bacterial flora in the uterus of cat-
tle changes in composition and amount within the first
weeks after calving (Bekana et al., 1996; Dolezel et al., 2010;
Hussain et al., 1990). It remains to be shown if knowledge
of the uterine bacterial status of a cow during the first two
weeks p.p. can be used to indicate her risk of a prolonged
p.p. anovulation.

Bacteria have traditionally been classified using bac-
terial culture. However, as some bacteria are easier to
grow than others (Amann et al., 1995), and as some will
be overwhelmed by others, a culture period can shift the
flora from time of sampling to time of reading the cul-
ture result. Elliott et al. (1968) stated that six different
growth-media should be used to detect all organisms in
the bovine uterus at various times after calving, but this
has rarely, if ever, been done in subsequent studies (Bekana
et al., 1996; Griffin et al., 1974; Noakes et al., 1991). Several
culture-independent methods for identifying and char-
acterizing the microbiological communities of different
environments are therefore now applied, also in studies
of the bovine uterus (Santos et al., 2011; Sheldon et al.,
2010; Silva et al., 2009). One such method is the Termi-
nal Restriction Fragment Length Polymorphisms (T-RFLP)
method that produces a pattern of nucleic acid fragments
(TRFs) from all microorganisms in the sample, reflecting
the “fingerprint” of the actual microbial flora (Kitts, 2001).
If this does not result in a clear identification of the organ-
ism, DNA cloning and sequencing may  be the next step. The
final result is a picture of the bacteria present in the sam-
ple, including those difficult to grow (Amann et al., 1995;
Kalmbach et al., 1997).

One important factor for infection risk may  be hygienic
conditions and cow management around calving, includ-
ing cleanliness of the calving pen and routines regarding
calving assistance. Very few studies have focused on this
(Noakes et al., 1991; Potter et al., 2010), and how manage-
ment practices affect uterine bacterial flora is not known
for certain. Furthermore, the extent to which the uterine
bacteria composition depends on the cow’s herd has not
been studied.

The overall aim of this study was to describe the uter-
ine bacterial flora during the p.p. period in Danish Holstein

cows using the T-RFLP method. The hypothesis was  that
a certain bacteria composition, assessed by the T-RFLP
method, was associated with the appearance of the vaginal
discharge. As well as characterizing changes in flora with
 Science 138 (2013) 39– 48

time from calving and between herds, data were exam-
ined for strong relations between the uterine bacterial flora,
calving management and uterine condition.

2. Materials and methods

2.1. Study farms

The trial was  conducted from October 2008 to January
2009 in five herds with Danish Holstein cows. Four of
the five herds were commercial farms, selected within the
same veterinary practice with a standardized herd health
agreement with weekly veterinary visits and routine exam-
inations of fresh cows. The four commercial herds were
chosen from a larger pool of herds according to occurrence
of metritis (to obtain a variation in pathological picture),
and based on the willingness of the herd owners to partic-
ipate (to obtain the best possible registrations). Two herds
(Herds 1 and 2) with a lesser incidence of metritis (7.9% and
12.6%, respectively) and two herds (Herds 3 and 4) with
a greater incidence of metritis (21.4% and 20.9%, respec-
tively) were chosen. The fifth herd was  the research farm
connected to Aarhus University and had a lesser metritis
incidence at 6.0%. The herd size was 140–400 cows, and
the milk yield was  9500–11,000 kg ECM/cow per year.

2.2. Animals and records

The first 25 cows that calved in each of the five herds
after the start of the trial period were selected for this study,
so a total of 125 cows of Parities 1–8 were included in the
study. To standardize the clinical procedures and reporting
of findings, all participants received standard instructions
at the beginning of the study. All individual cow data were
recorded directly for this study using a special protocol or
through the Danish Central Cattle Database.

Calving management was evaluated by the farmer for
every calving by the following parameters: use of calv-
ing pen, number of cows in the pen at calving (single or
more), whether clean bedding was  provided in the pen
before calving, whether cleaning or disinfection of the pen
was  conducted before calving, and the time the cow spent
in the calving pen before calving (coded as: 1 = moved to
calving pen immediately before calving; 2 = moved 12 h
before calving; 3 = moved 24 h before calving, 4 = moved
more than 24 h before calving).

Calving date, calving difficulty and calf survival as well
as time to fetal membrane detachment were recorded by
the farmer. Calving difficulty is a mandatory registration
for Danish farmers and is entered into the Danish Central
Cattle Database. Farmers recorded calving difficulty using
one of the five categories: 1 = easy calving with no assis-
tance, 2 = easy calving, but with the farmer’s assistance,
3 = difficult calving without veterinary assistance but with
farmer’s assistance, 4 = difficult calving with veterinary
assistance, 5 = cesarean section. For evaluating calf survival
two  categories were used: 1 = living calf, 2 = stillborn or

dead within the first 24 h after delivery. All cows gave birth
to single calves and without any cesarean section.

Retention of the fetal membranes for more than 12 h
was  treated by manual removal of the placenta, and
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Table 1
Outline of the clinics defining the uterine score system used routinely on
cows 5–20 days after calving in Denmark.

Uterine
score

Clinic

0 None or a very small amount of clear mucous secretion –
no  smell.

1 A very small amount of bloody mucous secretion – no
smell.

2  Small amount of bloody mucous/gray secretion – no smell.
3 Plenty amounts of bloody seromucous/gray-yellow

secretion – scabs on the tail – no smell.
4  Plenty amounts of gray/yellow seromucous secretion – no

abnormal smell.
5 Poor/plenty amounts of purulent secretion – difference in

moisture and color – smells abnormal.
6  Increasing amounts of secretion – difference in texture and

color – smells abnormal.
7 Increasing amounts of secretion – beginning to look

red-brownish – stinks.
8 Plenty amounts of grayish secretion – stinks.
9  Large amounts of brown-yellow/brown secrete – typically
K. Elkjær et al. / Animal Repr

ntibiotics were only used if the cow was ill, based on lack
f appetite and increased rectal temperature (>39.5 ◦C).
ystemic treatment was with oxytetracycline and was  pre-
erred to avoid placing antibiotics directly into the uterine
umen. If the cow had a retained placenta, the uterine
ample was taken immediately before removal of the pla-
enta. In total six cows were treated for retained placenta,
nd these cows were distributed across all herds. Metritis
as defined according to the definitions of puerperal
etritis and clinical metritis by Sheldon et al. (2006).  Only

ows defined as having puerperal metritis (abnormally
nlarged uterus, watery foul-smelling discharge with signs
f systemic illness and fever >39.5 ◦C within 21 days after
alving) were treated, and antibiotics were only used sys-
emically. Metritis treatment was with oxytetracycline and,
f needed, non-steroidal anti-inflammatory drugs. If a uter-
ne sample was to be taken on the same day as treatment,
his was always done immediately before the treatment.
n total 11 cows were treated for metritis (two in Herd 1,
hree in Herd 2, three in Herd 3, two in Herd 4, one in Herd
). Four of these cows were also among those treated for
etained placenta. All treated cows remained in the study
ith all treatments being recorded. In total, 24 cows were

reated with antibiotics (for any reason) in the period from
alving to first examination, and 17 cows were treated in
he period between the first and the second examination.

.3. Clinical examinations

All cows were clinically examined twice after calving by
hree herd veterinarians (one in Herd 1 and 3, one in Herd

 and 4, one in Herd 5). The first examination was  made
n average 8 days p.p. (range 0–19 days) with the majority
85%) of the cows being examined between 5 and 11 days
.p. At this time all fresh cows were examined by the herd
eterinarian according to the standardized procedure spec-
fied in the Danish law regarding herd health agreements.
ccording to this law, fresh cows must be examined once in

he period 5–19 days after calving, and they must, among
ther things, have a scoring of uterine discharge according
o a legally specified scoring system. The uterine scores are
he only registrations addressed in this paper. This uterine
coring system is a combined evaluation of amount, color,
mell, pus content and consistency of the vaginal discharge
Table 1), and the principles of this scoring system are com-
arable to those in the scoring system by Williams et al.
2005). The uterine score is given by scoring discharge man-
ally withdrawn from the vagina. If this discharge smells
bnormal, a score of at least 5 must be given.

The cows had their second examination on average 28
ays p.p. (range 22–38 days) with the majority (72%) of
he cows examined between 26 and 30 days p.p. At this
xamination only a uterine sample was taken. The aver-
ge number of days between the two examinations was  19
range 11–30 days) with the interval being 19–23 days for
he majority of cows (66%).
.4. Uterine condition

At the first examination, each cow was given one of the
0 uterine scores (Table 1). For data analysis cows were
a  retained placenta – very foul smell.

Modified and translated from http://www.landbrugsinfo.dk/Kvaeg/Filer/
nysr vej klinisk.pdf (in Danish).

grouped into the three overall uterine conditions: good
(uterine score 0 and 1; 58 cows (49%)); medium (uterine
score 2, 3 and 4; 40 cows (34%)); bad (uterine score 5, 6, 7,
8 and 9; 20 cows (17%)).

2.5. Uterine sample collection

Uterine samples were taken from all cows at both
first and second clinical examination, using an instrument
developed at the Estonian University of Life Sciences. The
instrument consisted of an outer guiding tube and an inner
rod mounted with a small sterile brush (Uterobrush, Med-
scand Medical AB, Malmö, Sweden). The brush has a small
ball at its outer end, which fits into the guiding tube cap,
thereby closing the tube and avoiding contamination of
the brush during its insertion through vagina and cervix.
Before use, the whole instrument was  sterilized by boiling
for 10 min. At each sampling the cow was restrained and its
vulvar lips were cleaned using a dry paper towel. By rectal
manipulation of the cervix, the instrument was then guided
through the cervix into the uterus lumen, where the brush
was protruded and rotated several times to collect mate-
rial. The brush was then withdrawn into the guiding tube
to ensure uncontaminated collection of uterine discharge.
After sampling, the brushes were aseptically separated
from the device into separate plastic containers marked
with individual cow numbers. The brushes were frozen
(−19 ◦C) within 3 h from sampling, and were later trans-
ported on dry ice to the lab. After each use the instrument
was cleaned in lukewarm soap water, a new Uterobrush
was mounted and the whole instrument was sterilized by
boiling.

2.6. Uterine sample analysis
For DNA extraction from the uterine samples they were
mixed with phosphate-buffered saline, followed by cen-
trifugation at 20,000 × g for 10 min at 5 ◦C. From each

http://www.landbrugsinfo.dk/Kvaeg/Filer/nysr_vej_klinisk.pdf
http://www.landbrugsinfo.dk/Kvaeg/Filer/nysr_vej_klinisk.pdf
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sample, equal amounts of DNA were extracted. The super-
natant was discarded and the pellet re-suspended in 200 �l
phosphate-buffered saline and 350 �l solution A from Easy
DNA kit (Invitrogen, Paisley, UK) added together with
400 mg  100 �m Zirkonia-silica beads (BioSpec Products
Inc., Bartlesville, US). The bacterial cells were then bro-
ken in a mini beadbeater (Biospec Products Inc.) for 4 min.
Hereafter the DNA was  extracted with the Easy DNA kit
as described by the manufacturer. The DNA concentration
was measured by optical density and the DNA was adjusted
to a concentration of 5 �g of DNA/ml.

A polymerase chain reaction (PCR) was performed with
fluorescence tagged primers for 16S rRNA gene, and the PCR
products were purified as previously described (Mølbak
et al., 2007). The PCR products were digested with the
restriction enzyme HhaI to yield fluorescently labeled ter-
minal restriction fragments (TRFs). The TRFs were analyzed
by polyacrylamide gel electrophoresis according to the pro-
cedure described in Mølbak et al. (2007).

Identification of TRFs with naming of the bacteria was
done by cloning and sequencing the DNA in two samples
from each herd, one from a cow with uterine score 0, and
one from a cow with a greater uterine score (5–9). The
number of samples was limited because of economic con-
siderations. Cloning and sequencing was done as described
previously (Mølbak et al., 2007).

The TRF profiles and 16S rRNA gene sequences were
analyzed using the software BioNumerics (Applied Maths,
Kortrijk, Belgium). The 16S rRNA gene sequences have
been assigned to their taxonomic names in RDP classifier
(http://rdp.cme.msu.edu). Based on 99% similarity, repre-
sentative operational taxonomic units were created and
were submitted to the National Center for Biotechnology
Information (NCBI), where they received their respective
accessions numbers. In Section 3 of this manuscript, the
table includes both bacterial names and their respective
TRF sizes. If specific naming was not completed this is
indicated as undetermined (UD) and only the TRF size is
stated.

2.7. Milk sampling and analysis

Milk samples from each cow were taken by the farmer
once a week from calving to 8 weeks p.p. In the two herds
using milking parlors, samples were taken at morning
milking where milk from the individual cow was  stripped
directly from the teat into a plastic collection tube after
removal of the milking equipment. In the two herds using
robot milking, the milk samples were taken at varying
times after milking, but also here milk was stripped directly
from the teat into the plastic collection tube. In the fifth
herd, proportional whole milk samples were collected
automatically during milking in the robotic milking sys-
tem. All milk samples from each cow were frozen (−19 ◦C)
for later analysis.

Milk progesterone was determined using the Ovucheck
ELISA-kit (Biovet Inc., St. Hyacinthe (Oc), J2S BW2  Canada).

Milk samples were pipetted, diluted and distributed using a
Biomek 2000, Laboratory Automation Workstation, Beck-
man  Coulter. Milk samples (here 25 �l, diluted 1 + 2 with
water) were handled according to the manufacturer’s
 Science 138 (2013) 39– 48

instructions. Plates were read using a spectrophotome-
ter/fluorometer (Fluostar, BMG  Labtechnologies, 575 nm).
Analyses were performed in 96 well plates with two times
seven standards (0–30 ng/ml) locally made from milk from
ovariectomized cows and ethanolic progesterone solu-
tions, and with two times two  control samples (3 and
15 ng/ml) used for every analysis and plate. Inter-assay
precision was 18.6 and 13.0 CV%, for lesser and greater
control samples, respectively (n = 38; n = 2), while intra-
assay precision was  10.6 and 8.1 CV% for lesser and greater
control samples, respectively (n = 2; n = 38). The accuracy
of lesser control (3 ng/ml) was  2.35 ± 0.74 (SD) (n = 76),
and for greater control (15 ng/ml) it was 15.75 ± 1.69 (SD)
(n = 76).

2.8. Milk progesterone profiles

The analysis of milk samples from each cow resulted
in progesterone profiles that were used to determine the
length of p.p. anovulation. The cow was  defined to have
started estrous cycling, when the progesterone concentra-
tion was  above 4 ng/ml (Friggens and Chagunda, 2005) for
two  consecutive samples, where the day of the second milk
sample above 4 ng/ml was set as the actual starting day,
due to the previously mentioned variation in milk sampling
method in the herds.

Based on the cow’s actual starting day of estrous cycling,
the length of p.p. anestrous was calculated. A new variable
was  then made to define the length of the p.p. anovulation
as normal or long. The definition was made by looking at
the 90th percentile of length of p.p. anestrous, which was
56 days in the cows in this study. A p.p. anestrous ≤56 days
was  therefore defined as normal, whereas a length of more
than 56 days was defined as long.

2.9. Statistical analysis

Of the 125 cows in this study, uterine samples from
seven cows contained too little material to yield a sufficient
result in the T-RFLP, so these cows were removed from all
the analyses. The registrations regarding calving manage-
ment were occasionally missing due to unknown causes, so
these analyses were made on lesser number of cows. Lastly,
12 cows were removed from the analyses where length
of p.p. anovulation was used, due to missing progesterone
samples.

For the statistical analyses the program ‘R’ (R
Development Core Team, 2010) was used, and the level of
significance was  5%. In analyses regarding bacterial com-
position, principal component analysis (PCA) was applied,
using the prcomp function. The raw data were composed
of each cow’s percentage-wise distributions of its different
TRF sizes, so the sum of percentages for TRFs for each cow
was  100. This dataset contained 186 different TRF sizes,
so PCA was chosen for this dataset, because it is a use-
ful method to reduce this very high number of variables
(Ringner, 2008), and because it is a strong tool for com-

parison of complex microbial communities (Abdo et al.,
2006; Dollhopf et al., 2001; Kaplan et al., 2001). In addi-
tion to reduce the dimension of the original dataset, an
advantage of the PCA is that you obtain a dataset with

http://rdp.cme.msu.edu/
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ariables (PCs) that are uncorrelated with each other, due
o the orthogonal construction. This is in contrast to the
riginal dataset, where it must be assumed that there is
ome correlation between the variables.

.9.1. Construction of principal components
The original variables (TRF sizes) were used to construct

 new set of variables, the so-called principal components
PCs). A subset of these PCs can then be used for further
nalysis. Each individual uterine sample contributed to
he construction of each PC. In a PC the original variables
re weighted in such a way that the resulting component
xplains as much of the variation in the original dataset
s possible. Therefore the first PC (PC1) explains the most
ariation of the original data, and the second PC (PC2, ortho-
onal to PC1) explains as much as possible of the remaining
ariation, not explained by PC1. Subsequent PCs are con-
tructed in the same way, thereby explaining less and less
f the variation in the original dataset. The same number
f PCs is constructed as there are variables in the origi-
al dataset (here 186), but to reduce the dimension of the
ataset, only the first few PCs are used for further analyses.

n the present manuscript a combination of two criteria for
etermining the number of PCs chosen for further analy-
is were applied (Mardia et al., 1979): first the chosen PCs
ogether must explain at least 90% of the total variation
n the original dataset, and second each chosen component

ust explain at least 1% of the total variation. In the present
tudy both of the criteria led to the same number of PCs
hosen in each analysis.

Following the PCA a new dataset containing the chosen
umber of PCs was constructed, now with a smaller dimen-
ion than the original dataset. Each of the PCs can be seen as

 new measure for composition of TRF sizes, in other words
acterial composition. In the subsequent analyses, the PCs
an be evaluated together with the loadings for each PC,
here the loadings indicate the weight of the original vari-

bles, in this case TRF sizes representing specific bacteria,
n the composition of the PC.

.9.2. Analysis of principal components
Testing for differences in the profile of bacterial species

resent in the different individual samples (hereafter
eferred to as bacteria composition) between the first and
he second examination was done as follows: a PCA was
erformed as described above. The PCA resulted in a dataset
ith 20 PCs chosen (PC1 to PC20). Following this an analy-

is of the effect of examination number was made for each
C separately, starting with PC1, then PC2 and onwards.
he analysis was made using a linear regression with the
espective PC as the response variable and examination
umber as the explanatory variable.

For the main outcome (i.e. bacterial composition), the
inear regression included the explanatory variables herd,
ays from calving, calving difficulty, retained placenta, use
f clean bedding, length of p.p. anovulation and whether
he uterine condition was classified as good, medium or

ad. As the initial analysis showed that there was an
ffect of examination number on bacterial composition,
he present analysis was made for each examination num-
er separately. The original dataset was split into two,
 Science 138 (2013) 39– 48 43

according to examination number, and separate PCAs were
conducted for first and second examination, respectively,
resulting in two new datasets. The dataset regarding the
first examination consisted of 20 chosen PCs (PC1 to
PC20), and the dataset regarding the second examination
consisted of 15 chosen PCs (PC1 to PC15). Each of the chosen
PCs was  used as the response variable in linear regressions
with the above-mentioned explanatory variables, starting
with PC1, then PC2 and onwards.

To evaluate if antibiotic treatments had any effect on
the bacterial composition in the uterus, separate linear
regressions were built with the PCs as the response vari-
able and treated/not treated as the explanatory variable.
The scenarios considered were: (i) difference in bacteria
composition at the first examination for cows treated/not
treated in the period from calving to first examination; (ii)
difference in bacteria composition at the second examina-
tion for cows treated/not treated in the period from calving
to first examination; (iii) difference in bacteria composition
at the second examination for cows treated/not treated in
the period from first to second examination. In all the men-
tioned analyses Bonferroni’s correction for multiple tests
was used to avoid the problem that calculating numerous
correlations increases the risk of erroneously concluding
the presence of a significant correlation.

2.9.3. Additional analyses
To test which variables had an effect on the response

variable (uterine score, which is a class variable from 0 to 9
(Table 1)), multinomial log-it models were applied using
the multinom function. The explanatory variables tested
were herd, calving difficulty, retained placenta, parity and
herd × calving difficulty. The interaction herd × calving dif-
ficulty was  included in the analysis because the scoring of
calving difficulty was possibly influenced by the observer,
i.e. to which herd the cow belonged. The same method was
used in analyzing which variables had an effect on the vari-
able calving difficulty, as this is also a class variable. The
explanatory variables analyzed here were herd, parity, milk
fever, use of calving pen, number of cows in calving pen at
the time of calving and time spent in calving pen before
calving.

3. Results

3.1. Bacterial flora

Bacteria were found in all cows at both first and sec-
ond examination. The initial analyses were performed to
investigate possible differences in bacteria composition
between examinations. The examination number had an
effect on PC1 and PC7 (P = 0.002 and P = 0.025, respec-
tively), whereas the analyses for the remaining PCs showed
no significant effect of examination number. The first PC
(PC1) accounted for 29.1% of the total variation in the pro-
file of bacterial species present in the different individual
samples (referred to as bacterial composition). From the

loadings concerning this PC it was  found, that the bacteria
Pseudomonas/Acinetobacter and Fusobacterium necropho-
rum were given the greatest weight. The seventh PC (PC7)
only accounted for 3.75% of the total variation in the
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original dataset regarding bacteria composition. From this
analysis it can be assumed that there were differences in
bacteria composition between the first and second exam-
ination, and the following analyses were, therefore, done
separately for the first and the second examination.

3.1.1. Bacterial flora at first and second examination
In the data-set regarding the first examination the

effects of the variables herd, days from calving, clean
bedding, calving difficulty, retained placenta, antibiotic
treatment before first examination, length of p.p. anovu-
lation, and uterine condition (good/medium/bad) on each
chosen PC were analyzed. The only significant variable was
herd, which was significant in the analyses regarding PC6
and PC12. Together, these 2 PCs accounted for 7.3% of the
total variation in bacteria composition, with PC6 account-
ing for 5.0% and PC12 accounting for 2.3%. From the loadings
it was seen that PC6 mainly gave weight to E. coli, while
PC12 mainly gave weight to a bacterium with the TRF size
230.6 that was not found in the clone library (data not
shown).

To investigate whether the herd effect was due to differ-
ent histories of metritis incidence between the five herds
(high or low), further investigation of the linear model was
made. This showed that the significant herd effect on PC6
was due only to a significant difference between Herd 2 and
the remaining herds and not between any other herds. The
significant herd effect on PC12 was due only to significant
differences between Herd 3 and the remaining herds and
not between any other herds. Therefore, the herd effect was
not due to history of disease incidence, as there then would
have been no differences between the low incidence herds
(1, 2 and 5), and no differences between the high incidence
herds (3 and 4).

In the data regarding the second examination the effects
of the variables herd, days from calving, clean bedding,
calving difficulty, retained placenta, antibiotic treatment
before first examination, antibiotic treatment from first
to second examination, and length of p.p. anovulation on
each chosen PC was tested. Again herd was the only sig-
nificant variable in the linear model for PC2 and PC11 that
accounted for 15.6% and 1.6% of the total variation, respec-
tively. Investigation of the loadings showed that PC2 mainly
gave weight to Arcanobacterium. As for the first examina-
tion, the herd effect was investigated further, showing that
the effect of herd on PC2 was due to differences between
Herd 1 and the rest, while the effect on PC11 was due
to differences between Herd 5 and the rest. Again the
herd effect was not found to be due to historical metritis
incidence.

3.1.2. Change in bacterial flora between first and second
examination

To get an indication of the number of bacterial species
present in the uterus of the p.p. cows in this study, the
number of TRFs was used as a proxy for the number of bac-
terial species, and was investigated for each examination

in each herd. There was a large variation in number of TRFs
in the herds (from 1 to 50), with an average number from
both examinations of 21 ± 1.4, 11 ± 1.2, 16 ± 1.1, 15 ± 1.0
and 8 ± 0.6 in Herd 1, 2, 3, 4 and 5, respectively. No clear
 Science 138 (2013) 39– 48

differences in number of TRFs were found between first
and second examinations. The numbers given here illus-
trate that a large and variable number of bacterial species
was  found in each herd and at both examinations. The most
common bacteria from each herd at each examination are
shown in Table 2.

In all five herds the bacteria F. necrophorum,
Pseudomonas/Acinetobacter and Bacteroides/Sphingo-
bacterium/Prevotellaceae were among the most frequent
at both first and second examination. From the first to the
second examination there was a decrease in percentage of
F. necrophorum in all herds except Herd 4, while there was
an increase in percentage of Pseudomonas/Acinetobacter in
all five herds.

3.2. Influence of calving management

The initial analysis of variance showed that there was
no significant effect of calving difficulty on bacterial com-
position at either first or second examination. Then effect
of calving difficulty was  tested with uterine score as the
response variable. The explanatory variables tested were
herd, calving difficulty, retained placenta, parity and herd x
calving difficulty. The model with uterine score as response
variable and all explanatory variables could be reduced
stepwise, and only the effect of herd was significant for
uterine score (P < 0.001). If uterine score as a response vari-
able was replaced by its subgroups good, medium and
bad, both herd (P < 0.001), calving difficulty (P = 0.016) and
retained placenta (P = 0.003) had an effect.

An analysis was made to test which variables had an
effect on the parameter calving difficulty. The explanatory
variables tested were herd, parity, milk fever, use of calving
pen, number of cows in calving pen at the time of calving
and time spent in calving pen before calving. The model
containing all explanatory variables was  reduced stepwise,
and only herd and time spent in calving pen before calv-
ing had an effect on the parameter for calving difficulty
(P < 0.001 and P = 0.006, respectively).

4. Discussion

This is one of the first studies where uterine bacterial
flora in p.p. dairy cows has been described based on iden-
tification of the bacterial DNA using the T-RFLP method
(Santos et al., 2011). This method has advantages com-
pared to traditional bacterial culture as it detects DNA and,
therefore, indicates all bacteria present in a sample, regard-
less of their growth potential, and not only those bacteria
that can be cultured on a given medium (Amann et al.,
1995; Kalmbach et al., 1997). Still, the T-RFLP method does
not always determine the exact species of bacteria directly
from the output, even when applying further analyses such
as cloning and sequencing (Abdo et al., 2006). In the present
research, this is illustrated by the obtained TRF size of
206.48, that could correspond to Pseudomonas,  which was
found to have TRF size 205 by cloning and sequencing, or it

could correspond to Acinetobacter,  which was found to have
TRF size 208 by cloning and sequencing. Due to this, both
potential bacterial names are given, and the same bacte-
ria name can occur with different corresponding TRF sizes.
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Table 2
The percentagewise most common bacteriaa at first (avg. 8 days p.p.) and second (avg. 28 days p.p.) clinical examination in the 5 herds.

Bacteria nameb TRF size Herd 1 Herd 2 Herd 3 Herd 4 Herd 5

Examination Examination Examination Examination Examination

First Second First Second First Second First Second First Second

Pseudomonas/Acinobacter 206.48 8.6 11.0 4.9 23.5 7.1 18.5 9.0 15.3 18.2 26.0
Fusobacteriumnecrophorum 82.10 10.6 3.1 19.9 10.6 18.3 11.8 16.2 17.9 21.5 10.2
Sphingobacterium/Bacteroides/Prevotellaceae 100.20 7.1 9.9 5.0 6.4 4.8 4.1 9.3 3.7 7.0 8.2
Arcanobacterium 483.65 4.5 4.3
Brevundimonas 331.90 5.4 6.4
Comamonas 567.26  4.9 6.6 5.1 8.2
E.  coli 373.15 9.2
Peptostreptococcus 62.79 4.8
Sphingobacterium/Bacteroides 104.51 4.1 13.1
Stentrophomonas 215.96 4.4 4.9 9.0
Streptococcus 583.74 6.0 7.8 2.7
UDc 98.49 8.1 7.6 7.1
UDc 200.80 4.5 6.1
UDc 230.60 5.6 2.4
Veillonella 593.77 6.2

a Bacteria are ranked so the 3 most common are at the top in alphabetical order, followed by the remainder of the bacteria, also in alphabetical order.
The  percentages can be compared within herd.
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b The bacteria name is based on produced clone library.
c UD indicates that the bacterium was found by T-RFLP, but undetermi

o establish the exact species it would have been neces-
ary to do next-generation sequencing on the amplicons
f the 16S rRNA gene or the microbiome. Due to economic
onsiderations the exact bacterial names were not pursued.

.1. Uterine flora in relation to herd and time after
alving

The bacterial flora was found to differ between the five
erds in the present study. Such a herd difference has not
een shown before, and this difference is of importance
o consider both when interpreting results from uterine
amplings and when selecting antibiotic treatments, as
reatments possibly should differ among herds.

The findings here that the uterine flora in the p.p. cow
onsists of many species are well in line with other stud-
es (Bekana et al., 1994; Huszenicza et al., 1999; Kask
t al., 1998; Sheldon et al., 2002). A recent study also using
ulture-independent methods for describing and compar-
ng uterine bacterial composition in Holstein dairy cows
howed, that the bacterial diversity in uteri was greater and
ore complex than previously described using traditional

ulture (Santos et al., 2011). This is also demonstrated in
he present study but on an even larger number of cows. In
he present study, bacteria were present in 100% of cows
t the second examination approximately 28 days after
alving. This is a greater prevalence compared to previ-
us studies (Huszenicza et al., 1999; Sheldon et al., 2008),
nd the discrepancy might very well be a reflection of the
se of the T-RFLP method compared to bacterial culture.
ulture-independent methods of analysis generally detect

 much greater number of microorganisms than culture
Santos et al., 2011; Zoetendal et al., 2004) due to limita-

ions in the culturing techniques (Zoetendal et al., 2004).
herefore culture-independent methods are now widely
sed for studying complex microbial communities in many
ifferent species (Mølbak et al., 2007; Rampersaud et al.,
e actual performed cloning.

2012; Santos et al., 2011). It must be noted that as T-RFLP
also detects dead or damaged bacteria, however, not all
the bacteria found might necessarily cause the disease. The
fraction of dead bacteria, however, must be assumed to be
minor and to be a part of the same population as the live
bacteria.

At first examination, on average 8 days after calving, the
most common bacterium in all herds was F. necrophorum.
This organism is an obligate anaerobe, inhabits mucous
membranes in both humans and animals, and is known
to cause diseases in cattle such as interdigital phlegmon,
necrotic laryngitis and necrotic vaginitis, usually as part of
a mixed infection. It is also commonly isolated from the
uterus of cattle, especially after a complicated calving with
e.g. retained placenta and/or uterine infections (Bekana
et al., 1996; Huszenicza et al., 1999; Santos et al., 2011).
It was therefore quite surprising, that F. necrophorum was
found to such a large degree even in healthy animals in this
study. One reason could be, that F. necrophorum is more
pathogenic when found together with A. pyogenes (Ruder
et al., 1981), a bacterium that was  not often found in the
present study.

At second examination the most common bacte-
ria were Pseudomonas/Acinetobacter in four of the five
herds, whereas F. necrophorum was still the most com-
mon  bacteria in Herd 4. Pseudomonas/Acinetobacter are
strict aerobe gram-negative bacteria, widespread in the
environment. Acinetobacter is mostly known to be a
potential pathogen, occasionally reported to cause disease
in immune-compromised humans (Bergogne-Berezin and
Towner, 1996). Pseudomonas is, however, known to be
involved in a variety of diseases. The finding in the present
study that such bacteria, rarely reported to cause uterine

disease, are so common in the uterus of cattle is in agree-
ment with the results of Santos et al. (2011).

Arcanobacterium is frequently found in uterine samples
from dairy cows and impairs later reproduction (Bonnett
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et al., 1991; Griffin et al., 1974; Jadon et al., 2005; Takács
et al., 1990). Arcanobacterium was not often found in the
present study, and the low prevalence of Arcanobacterium
might also be the reason for no relation between bac-
terial flora and length of p.p. anovulation. Further, there
were no specific bacteria or flora in cows with pathologi-
cal, malodorous uterine discharge (score ≥ 5) in the present
study, as has been indicated by others (Griffin et al., 1974;
Huszenicza et al., 1999; Williams et al., 2005). In another
analysis, using the data from this study (Mølbak et al., 2011,
unpublished), uterine scores were used to divide the cows
into healthy (≤3) and sick (≥4), and the analysis was made
solely on the relative presence or absence of the different
bacteria. With these definitions, there was a greater preva-
lence of F. necrophorum in the sick animals (uterine score
≥4). This illustrates the importance of disease definitions
for the conclusions attained.

In the present analysis there was a difference in bacte-
rial flora between first and second examination. This was
expected, since variation in bacterial flora with time from
calving is also shown in other studies (Bekana et al., 1996;
Griffin et al., 1974; Hussain et al., 1990). There seems to be
an overabundance of gram-negative bacteria in the cows
in our study relative to other reports. A shift from a gram-
negative to gram-positive flora over the first 4–5 weeks
postpartum has previously been described (Hussain et al.,
1990). More anaerobic or facultative anaerobic bacteria
were also detected in the present study at first examination
compared to second examination. Others have found an
anaerobic flora up to 8 weeks p.p. (Bekana et al., 1994, 1996;
Kask et al., 1998). The findings in the present study could
indicate that the uterine environment shifts from anaero-
bic to aerobic during the involution process, something to
consider if bacterial cultures are to be made.

4.2. Connection between uterine flora and uterine
scoring system used in Denmark

In the present study, there was not any relationship
between the uterine flora, determined by the T-RFLP
method, and the uterine scoring system used in Denmark.
This is supported by a recent study, where only a slight
agreement between major uterine bacterial pathogens and
score of vaginal discharge was found (McDougall et al.,
2011). This is in contrast to Williams et al. (2005),  how-
ever, where scoring of the vaginal discharge did reflect
uterine bacterial flora. For the analyses we grouped the
uterine scores into three groups of uterine condition that
were comparable to those of Williams et al. (2005),  but even
with this reduction in the number of classes in the Danish
uterine scoring system, no relation to bacterial flora was
found. This is an aspect to consider for future analyses on
the Danish scoring system. A reason for not seeing any rela-
tions could be that we  did not have an indication of the
exact amount of bacteria present, as the T-RFLP method is
merely semi-quantitative (Osborn et al., 2000). Thus, shifts
in bacteria populations with uterine score may  be masked

by the continued presence of species in non-significant but
detectable quantities. This semi-quantitative aspect of the
T-RFLP method may  be a limitation in respect to exam-
ining bacterial population shifts. This would call for the
 Science 138 (2013) 39– 48

combination of the T-RFLP method with another method
better suited to quantify bacteria amount, such as quantita-
tive real time PCR with general bacterial primers or species
specific primers (Matsuki et al., 2004).

Finally, it should be mentioned that another contributor
to the non-significant relations between vaginal discharge
and uterine bacterial flora could be that vaginal discharge
may  not always reflect inflammation in the uterus, but
rather be due to cervicitis or vaginitis (Dubuc et al., 2010).

4.3. Important management variables

In the present study, there was no significant effects of
management factors on uterine bacterial composition indi-
cating that, although there may  be effects of factors such as
calving difficulty, these management factors did not have
so pronounced effects that they could be detected with the
present sample size of 125 cows. Indeed, from our analy-
ses it appears that the more assistance required at calving,
the greater risk of having a poor uterine score. This seems
plausible, as manipulations of the calf in the birth canal
must increase the risk of introducing bacteria (Bruun et al.,
2002) and might also damage the soft tissues in the birth
canal, thereby increasing the inflammatory response. Fur-
thermore we could not see any effects of the use of fresh,
clean bedding in the pen before calving on bacteria com-
position. The reason for this could be that the hygienic
standards in the participating herds and particularly in the
calving pens were already high. These previous findings are
consistent with others (Noakes et al., 1991; Potter et al.,
2010), where the hygienic environment had no influence
on either the quantitative or qualitative uterine bacterial
flora or prevalence of endometritis. One explanation might
be that the effect of hygiene is hidden in the herd parame-
ter. Some of the herd differences might also come from the
fact that different persons were involved in the data regis-
tration (Lastein et al., 2009), but still it was  very important
for us to study these factors under typical commercial con-
ditions. Furthermore, a recent study documented moderate
intra-observer repeatability of scoring vaginal discharge,
and showed that the experience of the investigator had no
effect on the scoring (Leutert et al., 2012).

5. Conclusion

The bacterial flora was composed of many differ-
ent species, and composition was dependent on herd
and time from calving. For all five herds the bacte-
ria F. necrophorum, Pseudomonas/Acinetobacter and Bac-
teroides/Sphingobacterium/Prevotellaceae were among the
most common at both first and second examination.
Neither calving difficulty nor calving management was sig-
nificant for bacterial composition. The uterine condition,
assessed by the Danish uterine score system, was  influ-
enced by herd, calving difficulty and retained placenta, but
was  not related to uterine bacterial flora.
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