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1. INTRODUCTION
During normal uterine involution process after parturition a variety of
aerobic and anaerobic bacteria, falled into uterin lumen due to opened
cervix, are normally removed through a range of uterine defence
mechanisms. These mechanisms are effective in combination with good
preventive measures, such as ensuring cows’ adequate immune status and
the correct energy balance around calving, together with good hygiene.
Contamination of uterine lumen by such pathogens as Trueperella pyogenes
(previously Arcanobacterium pyogenes), Fusobacterium necrophorum, Prevotella
species and Escherichia coli, along with poor uterine immunity, can cause
inﬂammation, which can involve the uterine mucosa alone and cause
clinical endometritis (CE), or also inﬂammation of the uterine wall, which
cause the occurrence of clinical metritis (CM).
Regardless of colossal progress taken place in veterinary medicine during
last years, uterine inﬂammations in dairy cows occurred in the postpartum
(PP) period are still one of the most important health problems after
parturition. The prevalence of PP uterine inﬂammations amounts to
100% in some herds. Clinical metritis, which is also called acute puerperal
metritis (APM), acute postpartum or toxic puerperal metritis, and CE
impair cow`s welfare, cause low fertility, an increase in days open,
involuntary culling from the herd, a decrease in milk production, and
the expenses of treatment and costs of uncollected milk, which all cause
high economic losses (Bar and Ezra, 2005).
The treatment of PP uterine inﬂammations could liquidate causes and
minimise consequences of uterine inﬂammation. So, optimal treatment
scheme could consist of antibiotics (AB) for elimination of uterine
pathogens and prostaglandin F2α (PGF2α) to enhance uterine defence
mechanisms, help to promote uterine contractility, contribute to uterine
involution and shorten periods of bacterial infection.
The severity and abatement of inﬂammatory process can be followed
by measurement of such inﬂammatory markers as acute phase proteins
(APP), which take part in acute phase response. APP measurement can
be useful as an early detection method for PP reproductive diseases such
as postpartum uterine contamination and uterine inﬂammation. APPs
can be also served as diagnostic and prognostic markers in veterinary
11

medicine, which could help to prognosticate recovery from disease and
evaluate an increased risk of early culling.
There are a number of scientiﬁc publications devoted to the treatment
of CM and CE, although the question of the most optimal treatment
scheme is still opened. Therefore, present study was designed to get
additional knowledge about treatment of CM and CE, occurring in the
PP period, using combination of systemic AB with administration of
PGF2α, to determine the optimal time of treatment, to study effect of
this treatment on clinical, physiological and fertility parameters.
The assessment of APP concentrations in case of CM and CE and study
of association of APP levels as inﬂammatory mediators, with subsequent
fertility in dairy cows suffering from CM or CE is an important part of
this study.
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2. REVIEW OF THE LITERATURE
2.1. Deﬁnitions of terms in postpartum uterine disease
The most clear and accurate deﬁ nitions of PP uterine inﬂammations
could be done using histological examination. Using this deﬁnition, the
depth of inﬂammation of the uterine wall distinguishes metritis and
endometritis (LeBlanc, 2008).
Inﬂammation limited to the endometrium is termed endometritis. It is
a superﬁcial inﬂammation of the endometrium, extending no deeper
than the stratum spongiosum, which is accompanied with congestion
of mucosa only, stromal edema, vascular congestoin and inﬂammatory
cells inﬁ ltration (Bonnett et al., 1991; Bondurant, 1999a). Metritis can
be distinguished from endometritis: all layers of the uterine wall show
evidence of inﬂammation such as edema, inﬁltration by leukocytes, and
myometrial degeneration (Sheldon et al., 2006).
However, the veterinarians and researchers have to put their diagnoses
based on the clinical diagnostic methods such as observation and/or odour
of discharge, measurements of body temperature, palpation of uterine
horns and vaginoscopy. Frequently the deﬁnition or characterization
of the various manifestations of uterine disease either lack precision or
deﬁnitions vary among research groups. Case deﬁnitions in the literature
are highly confounded by diagnostic method (observation or odour of
discharge, fever, palpation, vaginoscopy), as well as the interval PP at
which diagnosis is made. Often the term endometritis incorrectly includes
metritis, endometritis and pyometra (Correa et al., 1993; Heuer et al., 1999;
Königsson et al., 2002). This fact complicates the correct understanding
and comparison of scientiﬁc studies.
One of the most widely used deﬁnitions of acute PP uterine infection
in science articles last years is deﬁnition of Martin Sheldon et al. (2006).
This deﬁnition said: “Animals with enlarged uterus, purulent uterine
discharge and general sings of illness (pyrexia >39.5ºC, anorexia, decrease
of milk yield) is classiﬁed as having acute puerperal metritis (APM)”.
Drillich et al. (2001) is, basically, agreed with Sheldon (2006) in deﬁnition
of APM. He deﬁ ne the toxic puerperal metritis, which normally is
13

synonym of APM, PP metritis or septic metritis, as a fetid, reddishbrown vaginal discharge and rectal temperature ≥39.5ºC, but did not use
the monitoring of general sings of illness, such as anorexia or increase
of milk production. It is known, that reddish-brown vaginal discharge
could be a color of normal lochia. However, if the lochia become fetid,
APM may be suspected (Lewis, 1997).
Melendez et al., (2004) allocated APM and toxic puerperal metritis. His
deﬁnition of APM included such clinical sings of uterine inﬂammation as
enlarged and ﬂaccid uterus with a foul-smelling uterine discharge, without
fever. Similar condition with increased body temperature and sings of
systemic illness and toxemia was deﬁned as toxic puerperal metritis.
Deﬁ nition of less severe uterine inﬂammation in some researchers is
associated with time of diagnosing. So, Sheldon et al. (2006) deﬁ ne
animals that are not ill, but have an abnormally enlarged uterus and
a purulent uterine discharge detectable in the vagina, within 21 days
after parturition as having clinical metritis. Clinical endometritis in their
study (Sheldon et al., 2006) is characterised by the presence of purulent
(>50% pus) uterine discharge detectable in the vagina 21 days or more
after parturition, or mucopurulent (approximately 50% pus, 50% mucus)
discharge detectable in the vagina after 26 days.
Deﬁnition of LeBlanc et al. (2002) is also associated with diagnosing
time. He said: “The presence of purulent uterine discharge or cervical
diameter >7.5 cm after 20 day PP or mucopurulent discharge after 26
day PP identify cows with clinical endometritis”.
Mejia and Lacau-Mengido (2005) for diagnosing of uterine inﬂammation
use the uterine palpation only. If cows have a moderate asymmetry
between the two uterine horns (1.5-2-fold, with or without intrauterine
ﬂuid, and with or without modiﬁcations of the thickness and consistency
of the uterine wall) endometritis is diagnosed. In case of total enlargement
of the uterus metritis is diagnosed.
There is one more classiﬁcation of postpartum uterine inﬂammations
described by Bondurant (1999) and Sheldon et al. (2009). According to
this deﬁnition, an enlarged uterus and a watery red-brown ﬂuid to viscous
off-white purulent uterine discharge, which often has a fetid odor with
14

possible general signs (anorexia, depression, weakness), could be deﬁned
as metritis. Considering that fever of 1-2 days duration is common in the
ﬁrst week after calving and is not well correlated with uterine infection
(Sheldon et al., 2004) the increased body temperature could be used as
addition sing of metritis. Clinical endometritis is deﬁned as the presence
of a purulent uterine discharge detectable in the vagina 21 days or more
postpartum.
In our opinion, the last deﬁnition not associated with time of diagnosing
is clearer and more adequate, reﬂects histological ﬁnding during PP uterine
inﬂammation, which, in case of clinical, could be used as a gold standard,
and will be used in present study.
2.2. Etiology and prevalence of postpartum uterine
inﬂammations
Uterine inﬂammation results by a variety of microorganisms. The uterus
normally is protected from bacterial contamination by the vulva, vestibular
sphincter, and cervix. During and immediately after parturition, these
mechanical barriers are breached and the uterus normally is contaminated
by a variety of pathogenic and nonpathogenic microorganisms (Miller et
al., 1980; Sheldon et al., 2004). Most of these bacteria are merely transient
residents and are promptly eliminated by the uterine defense mechanism
during the puerperium. In some cases, however, pathogens persist in the
uterus and cause disease. The organisms most commonly associated with
uterine disease in cattle are T. pyogenes and E. coli (Seals et al., 2002; Risco
at al., 2007; Bicalho et al., 2012). In addition, the gram-negative anaerobes
F. necrophorum and Bacteroides melaninogenicus frequently are associated with
T. pyogenes. Bacteroides decreases chemotaxis and inhibits phagocytosis by
neutrophils, allowing T. pyogenes to persist (Watson, 1989). A variety of
other microorganisms occasionally are associated with uterine disease
in cows and include coliforms, Pseudomonas aeruginosa, Clostridium spp.,
staphylococci, hemolytic streptococci, and others (Azawi, 2008). Bovine
herpesvirus type 4 has been also associated with uterine disease within
28 days PP (Welchman et al., 2012).
In cows with a normal puerperium, the bacterial contamination by 4 weeks
after calving uterus is minimal (Hussain et al., 1990). Uterine infections
are associated with retained fetal membranes, dystocia, delivery of twins,
15

overconditioning, underconditioning, long-term feeding of urea to dry
cows, negative energy balance and large herd size (Borsberry and Dobson,
1989; Barnouin and Chacornac, 1992; Gearhart et al., 1990; Peeter et
al., 1994; Kaneene and Miller, 1995; LeBlanc, 2012). Deﬁciency of some
vitamins and minerals (such as Se) is also related to increased incidence
of uterine infections (Harrison et al., 1984). Unsanitary calving conditions
and traumatic obstetric procedures predispose cows to uterine infections.
Because of differences in their calving environment, postpartum uterine
infections more commonly affect dairy cows than beef cows (Risco et
al., 2007).
Numerous studies show that the prevalence of CE in different countries
and herds vary from 10 to 30% (Sheldon and Noakes, 1998; Jalakas, 1999;
Varganov et al., 1999; Mejia et al., 2005; McDougall et al., 2006). In some
herds, 40-53% of the PP cows may be diagnosed with uterine infections
(Lewis, 1997; Kasimanickam et al., 2006). However, it is quite difﬁcult to
evaluate the right incidence of PP CM and CE, because many researchers
(Curtis, 1985; Markusfeld, 1987) did not describe the diagnostic methods,
the classiﬁcation of the uterine infections, the PP period during which the
infection were detected, the parity of the cows. The incidence would be
comparable if the cows had been examined on the same schedule or if the
data had been sorted according to type of cow or management practices.
2.3. Diagnosis
Diagnosis of uterine inﬂammations can be done using clinical examination,
ultrasonography, biochemical parameters, bacteriological examination,
examination of uterine histology and cytology. Unfortunately, there is
no “gold standard” for diagnosis of uterine disease, making it difﬁcult
to measure the sensitivity and speciﬁcity of clinical deﬁnitions (Sheldon
et al., 2006).
2.3.1. Clinical signs
Clinical signs of uterine infection vary with the virulence of the causative
organism and the presence of factors that predispose to the disease.
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2.3.1.1. Examination of vaginal discharge
Examination of vaginal discharge can be done by visual inspection of the
vulva, tail and perineum for a purulent exudate. However, observation
of purulent exudate with the aid of a vaginal speculum (vaginoscopy) has
been reported to be more sufﬁcient to identify a purulent content for a
conﬁdent diagnosis of CM or CE (LeBlanc et al., 2002; Barlund et al.,
2007). Unfortunately, the requirements for sterile and disposable specula
and for aseptic preparation of the perineum and external genitals make
this procedure cumbersome when cows are examined in free-stalls or
lock-up stanchions.
Vaginal discharge must be investigated for content of pus and odor.
Pathological discharge have to be differentiated from normal lochia
that is expelled from the reproductive tract during the ﬁrst few weeks
after calving, and the discharge may persist for up to 30 days if uterine
involution is delayed. Normal discharges range in color from dark brown
to red to white.
Vaginoscopic examination, combined with palpation of the uterus, should
increase the accuracy of diagnosing uterine infections (Gilbert, 1992;
Gilbert and Schwark, 1992).
Manual examination of the vagina (LeBlanc et al., 2002a; Sheldon et al.,
2002) or use of the Metricheck device (McDougall et al., 2006), consists
of a stainless steel rod with a rubber hemisphere that is used to retrieve
vaginal contents (Sheldon et al., 2006) are also effective methods of
examination discharge from cows.
Several scoring systems for evaluation of character of the vaginal mucus
as well as odor have been described to estimate the severity of clinical
uterine inﬂammation (Murray et al., 1990; Bekana et al., 1994; Sheldon
and Noakes, 1998; Williams et al., 2005).
A novel diagnostic technique afford to diagnose endometritis using
measurements of uterine lavage sample optical density at wavelength 620
nm with 76.3% sensitivity and 78.3% speciﬁcity (Machado et al., 2012).
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2.3.1.2. Palpation per rectum
Examination of the uterus by palpation through the rectal wall commonly
is used to evaluate the degree of uterine involution. In case of CM,
the uterus is swollen and friable, and occasionally ﬁbrin deposits and
adhesions between the uterus and other organs or the body wall may be
palpable. The size and consistency of the uterus and cervix, along with
evaluation for the presence of ﬂuid within the lumen of the uterus, are
criteria used to diagnose endometritis. So, Mejia et al. (2005) diagnosed
uterine infection using only examination of asymmetry between the two
uterine horns (1.5-2-fold, with or without intrauterine ﬂuid, and with
or without modiﬁcation of the thickness and consistency of the uterine
wall) or total enlargement of the uterus.
However, some studies suggest, that palpation per rectum is neither a
sensitive nor a speciﬁc method for accurate diagnosis of endometritis
(Miller et al., 1980). Forevermore, evaluation of cervical size and the
presence of a purulent, discharge may be of diagnostic value (Müürsepp
et al., 1980; LeBlanc et al., 2002).
2.3.1.3. Evaluation of sings of systemic illness
Evaluation of sings of acute systemic illness help to diagnose acute CM.
This sings include reduced milk yield, anorexia, elevated heart rate, pyrexia
(>39.5°C), apparent dehydration, dullness and other signs of toxemia
(Sheldon et al., 2006).
2.3.2. Ultrasonography
Real-time transrectal ultrasonography can been used to demonstrate
uterine changes associated with PP infections (Fissore et al., 1986; Bekana
et al., 1994; Sheldon et al., 2003; Barlund et al., 2007). The intrauterine
ﬂuid associated with uterine infections contain echogenic particles and
is easily distinguished from clear nonechogenic ﬂuid. Ultrasonographic
assessment of endometrial thickness is also one from signs of uterine
infections (Barlund et al., 2007).
2.3.3. Hematology
In cows with CM, a degenerative left shift and marked neutropenia may
occur. Hypocalcemia, which can occur early PP, may accompany uterine
18

inﬂammations. An association between ketosis and CM has been reported
in dairy cows (Dohoo and Martin, 1984; Markusfeld, 1987; LeBlanc,
2012). Furthermore, high blood concentrations of nonesteriﬁed fatty acids
(NEFAs) in cows have been demonstrated to impair lymphocyte function
in vitro (Lacetera et al., 2004). Thus, fat mobilization with increased blood
concentrations of NEFAs may explain the higher incidence of infections
observed in cows that experience an energy deﬁcit early PP.
2.3.4. Bacteriological examination
Bacteriological examination of uterus can be done using cytobrush,
endometrial biopsy or uterine lavage. Samples should be cultured in
both aerobic and anaerobic environments. Samples for bacteriological
examination must be taken before treatment started.
Cultures of uterine ﬂuids (uterine lavage) are most costly and less timely
than most producers prefer (Lewis, 1997).
Uterine biopsies are quite informative. In fact, cultures from biopsies
and cultures from swabs provide similar information about the uterine
microﬂora of PP cows (Noakes et al., 1989). Uterine biopsies may provide
meaningful prognostic information about the reproductive potential of
cows with uterine infection (Gonzalez et al., 1985; Grifﬁn, et al., 1974).
2.3.5. Cytological examination
Cytological examination can be done using cytobrush technique or
uterine lavage. The cytobrush technique has been suggested to be a
more consistent and reliable method of harvesting inﬂammatory cells
than uterine lavage because of the increased time required to obtain
samples via uterine lavage, 17% failure in attempts to recover lavage
ﬂuid, and increased distortion of cells harvested by the lavage technique
(Kasimanickam et al., 2005).
Neutrophils are the primary response against pathogens of the PP uterus,
resulting in an increase in polymorphonuclear (PMN) cells within the
uterine lumen. Evaluation of the PMN count through endometrial
cytology has been successful identifying dairy cows with endometritis
(Kasimanikan et al., 2004). It is important to choose the appropriate cutoff for PMN. So, Kasimanickam et al. (2004) reported that >18% and
19

>10% PMNs at 20–33 (ﬁrst examination) and 34–47 (second examination)
days PP, respectivel. Barlund et al., (2007), however, used the 8% PMN
cut-off and found the relative sensitivity and speciﬁcity values for lavage
cytology as good as 92.3% and 93.9%, respectively. Dubuc et al. (2010)
used the 6% PMN cut-off at 35 day PP and 4% cut-off at 56 day PP.
Using of cytology is more practical than histological or bacteriological
examination and is necessary to diagnose subclinical endometritis (Gilbert
et al., 1998; Kasimanickam et al., 2004).
2.3.6. Histological examination
Uterine histological examination, combined with the results of
microbiology, is a quite accurate assessment of cows´ reproduction
prognosis (Studer and Morrow, 1978). An endometrial tissue is readily
obtained by a uterine biopsy. Endometrial inﬂammation can be diagnosed
if increased number of inﬂammatory cells in foci or diffused in various
areas of the lamina propria are detected. Acute inﬂammation contains
mostly PMN cells (Bonnett et al., 1991). Most commonly seen in chronic
endometritis is inﬁ ltration of lymphocytes, accompanied by various
degrees of plasma cell and macrophage inﬁltration (Kubar and Jalakas,
2002). Endometrial ﬁbrosis occurs mostly around the gland and appears
in response to inﬂammation of glandular damage (Bollo et al., 1990).
The endometrial biopsies have been shown to have predictive value for
reproductive performance (Bonett et al., 1993).
2.4. Treatment
Treatment schemes of CM and CE usually include using of antibiotics
(AB) or antiseptic chemicals alone or in combination with supportive
or/and hormone therapy. The general principle of therapy of uterine
inﬂammation is to reduce the load of pathogenic bacteria and enhance
uterine defence and repair mechanisms, and thereby halt and reverse
inﬂammatory changes that impair fertility. The use of intensive treatments
will not improve reproductive performance of herd without sustainable
improvement of herd management (Gundling et al., 2012).
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2.4.1. Antibiotic therapy
2.4.1.1. Intrauterine therapy
Infusion of antimicrobials into the uterus is aimed to achiving high
concetrations at the site of infection (Gustafsson, 1984; Gilbert and
Schwark, 1992). In contrast to systemic administration, i.u. administration
achieves higher drug concentration in the endometrium, but little
penetration to deeper layers of the uterus or other genital tissues (Masera
et al., 1980; Bretzlaff et al., 1983). A variety of antibiotics have been
infused into the uterus of cows in attempts to treat postpartum infections.
Some authors have found intrauterine (i.u.) treatment to be beneﬁcial,
whereas others have found it to have no effect. The bovine uterus is
an anaerobic environment; thus, antibiotics chosen for i.u. use must be
active in the absence of oxygen (El-Azab et al., 1988). In addition, most
antibiotics and chemicals depress activity of uterine neutrophils and
interfere with the uterine defense mechanism, therefore, the potential
beneﬁt of their use must be carefully weighed against their deleterious
effects (Vandeplassche, 1981).
Organisms that cause PP uterine infections usually are sensitive to
penicillin, but bacterial contaminants during the ﬁ rst several weeks
after calving produce penicillinase, which renders the drug ineffective
if applied locally. By 30 days PP these organisms usually are eliminated,
and i.u. treatment with penicillin is more likely to be effective after that
time. The daily i.u. dose recommended to reach the minimal inhibitory
concentration for T. Pyogenes is 1×106U (Olso et al., 1984).
Oxytetracycline commonly is recommended for i.u. therapy for PP
infections (Gustafsson, 1984; Montes and Pugh, 1993). In a recent study,
however, most isolated of T. pyogenes recovered from the uterus of cows
were resistant to oxytetracycline, and i.u. treatment with large doses did
not affect the frequency of T. pyogenes isolation (Cohen et al., 1995).
Some studies reported to be used i.u. administration of ampicillin and
cloxacillin (Drillich et al., 2001) as well as chlortetracycline (Goshen and
Shpigel, 2006), penicillin (Thurmond, et al., 1993), cephapirin (Dohmen et
al., 1995; McDougall, 2001; LeBlanc et al., 2002), ceftiofur (Galvão et al.,
2009a), chloramphenicol (Steffan et al., 1984), gentamycin, spectinomycin,
sulfonamides, nitrofurasone (Gustafsson, 1984; Gilbert and Schwark, 1992).
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No antibiotics are approved in the United States for i.u. administration to
lactating dairy cows. Intrauterine administration of antibiotics results in
contamination of milk (Bishop et al., 1984), and appropriate withdrawal
times have not been determined. However, assays for detection of AB in
milk that are available for on-farm use may be inaccurate. Therefore, it
is extremely difﬁcult to ascertain whether milk from individually treated
cows does or does not contain antibiotic residues (Cullor and Chen, 1991).
The efﬁcacy of a local AB treatment is a controversial issue (Gilbert,
1992; Olson, 1996; Paisley et al., 1986; Whitacre, 1992).
2.4.1.2. Systemic administration of antibiotics
A variety of broad-spectrum antibiotics have been recommended for
parenteral administration to cows with uterine infection (Montes and
Pugh, 1993). Some studies, however, conclude, that local i.u. AB treatment
should be replaced by systemic treatment only for cows showing signs of
systemic disease mainly indicated by elevated rectal temperature (Drillich
et al., 2003; Drillich et al., 2006).
Ceftiofur is a third-generation cephalosporin that has broad-spectrum
activity against gram-positive and gram-negative bacteria implicated
in causation of metritis (Chenault et al., 2004). Moreover, ceftiofur has
been reported to reach all layers of the uterus without violative residues
in milk. Subcutaneous administration of ceftiofur at a dose of 1 mg/kg
in dairy cows after parturition resulted in a concentration of ceftiofur
and its active metabolites in plasma, uterine tissues, and lochial ﬂuid that
exceeded reported minimal inhibitory concentration values for common
pathogens involved in metritis (Schmitt and Bergwerff, 2000).
Some studies (Smith et al., 1998; Drillich et al., 2001; Chenault et al,
2004; Melendez et al., 2004; Brick et al., 2012) recommend ceftiofur
for intramuscular (i.m.) or subcutaneous (s.c.) administration of cows
with PP uterine infections. In the study of Drillich et al. (2001) was
also mentioned, that treatment with ceftiofur could be cheaper than
combination of i.u. and i.m. ABs.
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2.4.2. Antiseptic chemicals
The most known antiseptic solution for i.u. administration is iodine
solution (Lugol`s solution). Due to their low cost, proven effectiveness
and lack of withholding time for milk and meat products, iodine solutions
have been a popular choice in the treatment of uterine inﬂammations for
over 50 years. Singh et al. (1987) opined that better response of Lugol’s
iodine (0.25%) on conception rate appears to be mainly due to its effect
upon uterus and ovary. The incidence of retained fetal membranes (RFM)
and metritis was reduced in cows infused with 500 ml of 2% Lugol`s
iodine immediatle after calving and again 6 h later. However, subsequent
reproductive performance of treated cows was not reported (Putro, 1988).
However, Lugol`s iodine causes local irritation and hyperaemia of
uterus and ovaries and are reported to cause coagulation necrosis of the
endometrium (Gilbert and Schwark, 1992).
There are some more iodine solutions for i.u. therapy, such as povidonum
iodinatum, that do not irritate uterine endometrium and has been
advocated by some veterinarians. Pandey et al. (2011), using 0.25%
iodine solution, showed signiﬁcant positive effect of iodine solution on
reproductive performance of dairy cows. Some others researcher, using
different concentrations of iodine in different time PP, also demonstrated
the positive effect of iodine on fertility parameters (Ryot et al., 1990;
Eherenberg et al., 1998; Tapas et al., 2000)
However, other studies showed no evidence of a therapeutic value
of normal cows and detrimental to the fertility of cows affected by
endometritis (Nakao et al., 1988). In addition, Carleton et al. (2008)
showed excessive iodine content of milk after i.u. administration of iodine
solution, which could be detrimental for human health.
It is possible to use hypertonic sucrose solutions as mannose (a sugar
monomer, preventing adhering of bacteria to the uterine mucosa) (King
et al., 2000; Machado et al., 2012), hypertonic solution of 50% dextrose
(Brick et al., 2012) or bacteriophages, inhibiting growing of pathogens
(Machado et al., 2012). However, results of these studies are controversial
and using of these agents in ﬁeld condition is poorly investigated.
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2.4.3. Supportive therapy
If dehydration complicates metritis, appropriate ﬂuid therapy should be
instituted and may be life-saving. Depending on the degree of dehydration,
oral or intravenous administration of a polyionic nonalkalizing solution
is indicated (Risco et al., 2007).
Nonsteroidal anti-inflammatory drugs (NSAIDs) such as flunixin
meglumine are effective as analgesics and anti-inﬂammatory agents used
to combat toxemia, improve appetite and welfare of cows (Amiridis et
al., 2001; Drillich et al., 2007; Laven et al., 2012). However, some studies
shower no effect on clinical cure of animals with CM (Drillich et al.,
2007).
Cows with CM may experience depressed appetite, affecting calcium and
energy supplements may be warranted.
2.4.4. Hormone therapy
A variety of hormones have been administered to cows in attempts to
prevent or treat PP uterine infections. Estrogen has been administered to
initiate or strengthen myometrial contractions, but its use is controversial.
Contractions induced by estrogen have been blamed for forcing the
septic contents of the uterus not only through the cervix but also into the
uterine tubes, to result in several bilateral salpingitis (Risco et al., 2007).
Oxytocin causes contraction of the myometrium if the uterus is dominated
by estrogen. Thus, oxytocin is expected to be effective in aiding uterine
evacuation if administered within 48 to 72 hours after calving. Doses of
20 to 40 U repeated every 3 to 6 hours are commonly used.
Prostaglandin F2α (PGF2α) and its synthetic analogues have been
widely used to treat a variety of abnormalities of the reproductive
tract, including PP uterine infections (Wenzel et al., 1993). During the
immediate PP period, serum concentrations of PGF2α and its metabolites
are elevated. These increases are thought to be related to the process of
uterine involution (Lindell et al., 1982; Madej et al., 1984). By 8-10 day PP
concentrations of PGF2α are basal for both normal cows and those that
have experienced retained fetal membrans, metritis, or both (Kindahl
et al., 1992; Risco et al., 1994; Kindahl et al., 1999). Administration of
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exogenous PGF2α. causes luteolysis of a responsive corpus luteum in cyclic
cows resulting in decreased progesterone level and subsequent estrus,
with increased estrogen level and myometrial contractions. These events
are all plausibly favourable for clearance of uterine infection (LeBlanc,
2008). PGF2α may exert a direct short-term contractile effect on the
uterus and show a positive effect on uterine involution (Hirsbrunner et
al., 1998; Gundling et al., 2012).
However, there is another effect of PGF2α . than luteolytic and it is
supported by several studies that have reported beneﬁcial effects of
PGF2α in the ﬁrst month PP on reproductive performance parameters,
in both normal and abnormal cows with low circulating progesterone
levels (Steffan et al., 1984; Young et al., 1984; McClary et al., 1989).
Exogenous PGF2α may enhance immune functions or increase uterine
motility to help the uterus resolve infections in animals that do not have
active corpus lutea (Nakao et al., 1997; Hirsbrunner et al., 2003). Other
reports indicate that PGF2α .is more effective when progesterone levels
are high or a corpus luteum is palpable (Sheldon and Noakes, 1998;
LeBlanc et al., 2002).
Numerous studies have concluded that PGF2α. appears to be effective
for treatment of CE and CM as any available alternative therapy (Salasel
and Mokhtary, 2011), and present minimal risk of harm to the uterus or
presence of residues in milk or meat (Gilbert and Schwark, 1992; Gilbert,
1992; Olsen, 1996; Galvão et al., 2009b; Dubuc et al., 2011). Several studies
used PGF2α did not consider the interval PP or the luteal status of the
cows at treatment (Young et al., 1984; Morton et al., 1992; Heuwieser
et al., 2000; Dhaliwal et al., 2001; Melendez et al., 2004; Burton and
Lean, 1995).
Combinations of different hormones can also be recommended (Gundling
et al., 2012).
2.5. Acute phase proteins
Acute phase proteins (APP) are a group of blood proteins that contribute
to restoring homeostasis, and decreasing pathogen growth, in the case of
an acute phase response, such as trauma, stress, inﬂammation, parturition,
neoplastic growth, surgery, or immunological disorders (Alsemgeest et
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al., 1994; Smith et al., 1998; Drillich et al., 2007). APP measurement
can be useful as an early detection method for some postpartum (PP)
reproductive diseases such as postpartum uterine contamination and
uterine inﬂammation (Sheldon et al., 2001; Huzzey et al., 2009; Galväo
et al., 2010). Their levels increase in healthy animals around parturition
(Sheldon et al., 2004; Tóthová et al., 2008) and signiﬁcantly higher levels
are found in stressed animals (Petersen et al., 2004; Saco et al., 2008;
Earley et al., 2011), animals with fatty liver (Yoshino et al., 1992; Katoh et
al., 1999), mastitis (Weber et al., 2006; Suojala et al., 2008), after surgical
spaying (Petherick et al., 2011) and some infectious diseases (Stenfeldt
et al., 2011).
Serum amyloid A (SAA), haptoglobin (Hp), and ﬁbrinogen (Fb) are the
most reactive APPs in cattle (Petersen et al., 2004). Serum amyloid A is
a good marker in acutely diseased animals (Hirvonen 2000). Hp can be
a good diagnostic marker in the case of purulent and chronic infections
(Hirvonen 2000). Fibrinogen has also been used for many years to evaluate
inﬂammatory diseases in cattle.
Some studies have shown that APP can be used for the detection of
diseased animals, among healthy animals, before slaughtering (Hirvonen
et al., 1997; Saini et al., 1998; Tourlomoussis et al., 2004), which can
help to improve food safety. Bertoni et al. (1997) showed that Hp levels
>1.0 g/l, measured on the 15th day of lactation, were associated with an
increased risk of early culling. However, it was not speciﬁed which kinds
of health problems generated this increase. Stengärde et al. (2010), in a
study of blood proﬁ les in cows with displaced abomasum, used Hp as
an inﬂammatory marker and considered that it could be used to detect
treatable infections, or inﬂammatory conditions, in the early PP period.
2.6. Consequences of PP uterine inﬂammations
Numerous studies have demonstrated both direct and indirect negative
impacts of uterine disease on overall dairy herd performance and
proﬁtability (Borsberry and Dobson, 1989; Lee et al., 1989; Rajala and
Grohn, 1998; Fourichon et al., 1999; Fourichon et al., 2000; LeBlanc
et al., 2002; Gilbert et al., 2005). Animals with uterine inﬂammation
show lower milk yield (Montes and Pugh, 1993; Smith et al., 1998). The
economic losses due to milk withdrawal depend on milk yield, milk price,
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and length of withdrawal period (Esslemont and Peeler, 1993). Uterine
inﬂammations reduce reproductive efﬁciency, reduce feed consumption,
force producers to cull cows that would otherwise be productive and
remain in the herd and increase herd health costs (Lewis, 1997; Sheldon
et al., 2008).
The cost of a case of CM has been estimated to be $106 (Bartlett et
al., 1986). According to more late study it could be $358 (Overton and
Fetrow, 2008).
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3. AIMS OF THE STUDY
The aims of the present study were:
1.

To test the effect of i.m. injections of ceftiofur in combination with
PGF2α in comparison with oxytocine with i.u. administration of
cephapirin and combination of ceftiofur with NSAID and untreated
control, for the treatment of CM and CE in early PP.

2.

To compare the early and later treatment of CE, using systemic
administrations of ceftiofur with two injections of PGF2α.

3.

To evaluate the potential association of plasma Hp, SAA, and
Fb, as inﬂammatory mediators, with subsequent fertility in dairy
cows suffering from CM or CE, treated with different methods,
in comparison with untreated diseased and healthy control cows.
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4. MATERIALS AND METHODS
4.1. Farms and animals
Three experiments and one additional study were carried out on three
commercial dairy farms (1, 2 and 3). During the study the cows were
fed the same diet in the form of a total mixed ration TMR, consisting of
grass silage and a concentrate mix. The cows were milked twice a day.
Studies were conducted on high producing multiparous late gestation
Estonian Holstein Friesian cows.
Animals with clinical mastitis, arthritis, hoof problems and other clinical
diseases other than CM and CE were excluded from the study.
Farm 1 (I, II)
All late gestation cows on the farm 1 expected to calve during a twoweek period (n = 21) were chosen. In order to obtain RFM followed by
CM, parturitions were induced in all cows two weeks before term by
means of two PGF2α injections (Dinolytic®, Pﬁzer Animal Health) as
described by Kask et al. (2000). A single injection dose was 25 mg, and
the interval between injections was 24 h. No treatment of RFM was
performed before the study manipulations.
Farm 2 (III, V)
Multiparous late pregnant cows (n = 68) which were expected to calve
during the following two months, were used for the study on farm 2.

Farm 3 (IV, V)
Sixty seven multiparous late-pregnant cows, expected to calve during
the subsequent three months, were used.
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4.2. Deﬁnitions of postpartum events
Foetal membranes were deﬁned as retained if they were not expelled
within the ﬁrst 24 hours after delivery (Noakes et al., 2001).
Diagnosis of CM was made on the third (I, II, III, V) or ﬁfth (IV, V)
day PP using clinical examination. A diagnosis was conﬁrmed if anorexia,
enlarged and atonic uterus, and foul smelling watery vaginal discharge,
were found. Increased body temperature (≥39.5°C) anorexia and toxemia,
if detected, were used as an additional signs.
The diagnosis of clinical endometritis was done if the presence of a
purulent uterine discharge, without changes in general health condition,
detectable in the vagina 21 days or more postpartum was detected.
Animals with a body temperature of ≤39.5°C, tonic uterus, clear or some
blood containing (normal lochia) vaginal discharge without any pus, and
absence of anorexia, were diagnosed as healthy cows and incorporated
negative control groups.
4.3. Treatment of CM and CE
Treatment of CM and CE began immediately after diagnosing on farm
A and B and in part of animals from farm 3, and on the 30th day PP in
one treatment group from farm 3.
Farm 1 (I, II)
Twenty one animals from farm 1 were randomly divided into three
groups, seven in each group. The ﬁ rst group (A) was treated using
the conventional treatment method for the investigated herd: 0.35 mg
carbetocin (Hypophysin® LA, Veyx-Pharma GmbH) i.m. for three
consecutive days, starting on the third day PP and iu administration of
500 mg cephapirin (Metricure®, Intervet international) between days
15 and 17 PP. Animals from the second group (B) were treated by i.m.
injection of one mg/kg ceftiofur (Excenell RTU®, Pharmacia Animal
Health) for ﬁve days followed by two injections of 25 mg dinoprost
(PGF2α analogue) (Dinolytic®, Pﬁzer Animal Health) at an interval of
8 h on day eight PP. Ceftiofur was chosen for parenteral administration
30

due to lack of milk withdrawal time and the positive effects described
in previous clinical studies (Drillich et al., 2002; Risco and Hernandez,
2003; Chenault et al., 2004). The third group (C) served as the control
group without any treatment.
Farm 2 (III, V)
Sixty eight late pregnant dairy cows on farm 2 were used for the study.
To ensure minimal variation of the initial response to inﬂammation
of the uterus among the treatment groups, stratiﬁed randomisation,
on the basis of the plasma Fb measurements on day 3 PP, was used.
The cows were divided into subgroups with minimal variation in Fb
concentration. Animals in each subgroup were assigned randomly to
the three experimental groups. Treatment of the animals was started
on the 3rd day PP. Group A (n = 15) was treated by s.c. injection of 1
mg/kg Ceftiofur (Exenell RTU®, Pharmacia Animal Health) for ﬁve
days, in combination with simultaneous injections of 1.1 mg/kg Flunixin
(Finadyne® vet., Schering-Plough Animal Health) for the ﬁrst three days.
Animals in group B (n = 15) were treated by injection of 1 mg/kg Ceftiofur
(Exenell RTU®, Pharmacia Animal Health) for ﬁve days followed by two
injections of 25 mg PGF2α (Dinoprost; Dinolytic®, Pﬁzer Animal Health),
with an interval of 8 h, on the 8th day PP. Group C (n = 10) served as a
positive control group with no treatment.
Farm 3 (IV, V)
Sixty seven cows from farm 3 were used in the studies. To ensure minimal
variation of the initial response to the inﬂammation of the uterus among
the treatment groups stratiﬁed randomisation, on the basis of Fb in
plasma measurements on day 5 PP, was used. Group A (n = 20) began
treatment on the 5th day PP by s.c. injection of 1 mg/kg Ceftiofur (Exenell
RTU®, Pharmacia Animal Health, Poland) for ﬁve days, followed by two
injections of 25 mg PGF2α (Dinoprost; Dinolytic®, Pﬁzer Animal Health
Belgia), with an interval of 8 h, on the 10th day PP. Animals in group B
(n = 35) were reexamined on day 28 PP, and in the case of conﬁrmation
of CE diagnosis, using the same diagnostic criteria as on the 5th day PP,
(group B2) were treated using the same scheme as group A, commencing
on day 30 PP: injection of 1 mg/kg Ceftiofur (Exenell RTU®, Pharmacia
Animal Health, Poland ) for ﬁve days followed by two injections of 25
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mg PGF2α (Dinoprost; Dinolytic®, Pﬁzer Animal Health, Belgium),
with an interval of 8 h, on the 35th day PP. Clinically recovered animals
(group B1) were not treated. A negative control group C (n = 12) was
composed of healthy cows.
4.4. Clinical examination
Cows were observed daily for morning body temperature (BT), appetite
and health problems. Body temperature measurements started on the
day of parturition, but statistical analysis was performed from day of
diagnosing of CM and CE. Temperature measurements were made during
the ﬁrst two weeks PP on farms 1 and 2 (I, II, III). Health problems
were recorded starting from two weeks before parturition until the end
of the experimental period at seven weeks PP.
Evaluation of the existence and character of vaginal discharge on the
vulva, cervix, perineum, or tail was performed daily for each animal
for seven weeks PP (I-IV). The appearance of the vaginal discharge
was scored according to the scale proposed by Bekana et al. (1994) as
follows: 5 = watery haemorrhagic malodorous secretion; 4 = viscous
haemopurulent discharge; 3 = viscous purulent material; 2 = mucus with
the presence of pus; 1 = clear mucus; 0 = no discharge.
Every clinical examination (including ultrasonography, bacteriological,
cylological and histological sampling) within each farm was performed by
the same examiner. Examiner was not avare about cow treatment group.
Body temperature and evaluation of vaginal discharge were performed
by the same person administrating treatment.
4.5. Ultrasonographic examination (I)
Uterine involution was determined in animals from farm 1 using
ultrasound (US) beginning at the third week PP. US examination was
performed every week until the end of the experiment. The US equipment
was a real time B-mode linear array scanner (Hondex HS-120, Honda
Electronics Co., Ltd., Aichi, Japan) with 5 and 7.5 MHZ transducers,
supplied with an image freezer facility and electronic callipers for taking
measurements. The diameters of both uterine horns and the thickness
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of the uterine wall were measured. Uterine involution was considered as
complete if the difference in diameter between the previous pregnant
and non-pregnant horn was ≤1 cm, the diameters of both horns were
≤4.5 cm and did not increase later, and the thickness of the uterine wall
was ≤0.6 cm.
4.6. Bacteriological sampling and examination (I, II, III)
Biopsies from uterine endometrium were collected from all experimental
animals from farms 1 and 2 once a week over a period of seven weeks.
The ﬁrst biopsy was taken between days three and seven PP. Samples were
collected according to the method of Bekana et al. (1994) and Kask et al.
(1998). The biopsies were immediately placed in 10 ml of a freshly prepared
thioglycollate medium (LAB M Bury, England) for transportation to the
laboratory. A 0.01 ml of samples (thioglycollate medium) of 0.01 ml was
spread on Columbia blood agar plates containing 5% bovine blood. The
aerobically and anaerobically cultivated plates were examined after 24
and 72 h respectively. Identiﬁcations were made according to Bergey`s
Manual of Systematic Bacteriology (Holt et al., 1994). To determine the
species of the isolates, we used the BBL CrystalTM (Becton, Dickinson
and Company, Maryland, USA) miniaturized biochemical test systems
(Gram positive, Enteric/nonfermenters and Anaerobe ID kits (BD BBL
CrystalTM Identiﬁcation Systems)). The measures of bacterial growth on
plates were classiﬁed as follows: 0 = no isolated bacteria, 1 = mild growth
(1 to 20 isolated colonies per 10 μl of cultivated material), 2 = moderate
growth (21 to 40 isolated colonies per 10 μl of cultivated material), 3 =
heavy growth (≥41 isolated colonies per 10 μl of cultivated material).
4.7. Cytological sampling and examination (II)
Uterine samples for cytological examination (farm 1) were collected weekly
using a uterobrush (Uterobrush®, Medscand Medical AB, Malmö, Sweden),
which was fastened onto a stainless steel device for use in cows. Slides for
cytological examination were prepared by rolling the uterobrush onto a
clean microscope glass slide. Slides were immediately ﬁxed in a current
of warm air using a blow drier. Slides were stained with May-Grünwald
Giemsa stains. Cytological criteria for endometrial inﬂammation were
set according to Kasimanickam et al., (2004). Brieﬂy, >18% and >10%
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polymorphonuclear (PMN) cells at 20-33 and 34-48 days PP, respectively,
were used to indicate inﬂammation.
4.8. Histological sampling and examination (IV)
Biopsies from the uterine endometrium for histological examination
were collected from all cows, once at 43-45 days postpartum. Samples
were collected according to the method described by Bekana et al. (1994).
Slides for histological examination were prepared by the parafﬁn section
method, using haematoxylin-eosin staining. The diagnosis of subclinical
endometritis (SE) was based on the presence of ﬁbrosis and inﬁltration
of inﬂammatory cells in the epithelium, stratum compactum and stratum
spongiosum (Bonnett et al., 1991). Two independent observers performed
the evaluation blind.

4.9. Blood and milk samples
Blood samples for SAA and Hp analyses (I, III-V) were taken from
coccygeal vessels using heparinized venoject glass tubes (Terumo Europe
N. V. Leuven, Belgium). From all cows one blood sample was collected
5-9 days before the term of parturition. After parturition collection was
performed once a week for seven weeks. After immediate centrifugation
about 5 ml of plasma was removed and stored at –18°C until the analyses
were performed. Whole blood for Fb analyses (III-V) was taken once a
week during the entire experimental period, starting on the 3rd day PP.
For the determination of progesterone (P4), plasma samples (III, IV)
were collected twice a week. Collection was started from day 10 PP and
continued until day 55 PP. Plasma was stored at −18°C until analysis.
In order to determine P4, milk samples (I) were collected twice a week
starting from approximately one week after calving. To avoid the effect
of time of milk extraction on P4 concentration (Waldmann et al., 1999),
milk sampling was performed within 60 min after morning milking. The
samples were collected into plastic tubes containing potassium dichromate
as preservative, stored at 4ºC for one week, and frozen at –18ºC until
analysis.
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4.10. Methods of APP analysis
The ﬁbrinogen concentration in plasma (III-V) was measured by the heat
precipitation method (Millar et al., 1971). Microhaematocrit tubes were
ﬁlled with EDTA whole blood and sealed at one end. After centrifugation
for 3 min at 6000 r/min, the tubes were placed in a water-bath at 56.3°C
for 3 min. The plasma Fb concentration (g/l) was measured after a second
centrifugation for 3 min, by calculating the percentage of the precipitated
Fb column relative to the length of the plasma column.
Plasma Hp was determined (I, III-V) using the haemoglobin binding
assay described by Makimura and Suzuki (1982), with the modiﬁcation
of tetramethylbenzidine (0.06 mg/ml) used as a chromogen (Alsemgeest
et al., 1994). Pooled and lyophilized aliquots of bovine acute phase serum
were used to create standard curves. To calibrate the assay, a bovine
plasma sample with a known Hp concentration provided by the European
Commission Concerted Action Project (number QLK5-CT-1999-0153)
was used. The range of the standard curve was 0.04–1.16 g/l (I, III)
(40–1160 mg/l; IV, V). If a sample’s Hp concentration was higher, the
sample was diluted with isotonic saline and re-assayed.
Concentrations of SAA in plasma (I, III-V) were measured with a
commercially available ELISA kit (Phase SAA kit, Tridelta Development
Ltd.) according to the manufacturer’s instructions. The detection limit
of the assay for bovine samples is 0.3 mg/l.
4.11. Methods of P4 analysis
Plasma P4 (III, IV) was determined with a commercially available ELISA
kit (EIA-1561, DRG Instruments GmbH, Germany) according to the
manufacturer’s instructions. The plasma P4 concentration was used to
determine the number of days to the ﬁrst luteal response PP, deﬁned as
the ﬁrst two consecutive measurements of P4 concentrations ≥1 ng/ml.
Milk P4 (I) was determined by enzyme immunoassay (Waldmann, 1993),
which was modiﬁed by using the second antibody coating technique. The
speciﬁcity of the monoclonal antibody 9C11 has been described previously
(Waldmann, 1999). The inter-assay and intra-assay coefﬁcient of variation
was below 10%. The limit of sensitivity, using a 20 μl sample, was <0.5
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ng/ml. Milk P4 concentration was used to determine days to the ﬁrst luteal
phase post-partum, deﬁned as the ﬁrst two consecutive measurements of
P4 concentrations >3 ng/ml. Day when P4 concentrations exceeded the
level 3 ng/ml was estimated using the graph of P4 concentration. Luteal
phase was deﬁned as the time during a cycle with P4 concentrations >3
ng/ml. Based on the deﬁnitions by Opsomer et al. (1998) the duration
of the luteal phase was considered to be prolonged if P4 levels remained
elevated for >20 days, without a preceding insemination. A luteal phase
≤11 days was deﬁned as a short luteal phase (Eger et al., 1988).
4.12. Fertility analysis (III-V)
For evaluation of fertility performance, date of ﬁrst insemination up
to 90 days PP (days to ﬁrst service 90, DFS 90) (V), the interval from
calving to the ﬁrst insemination (days to ﬁrst service, DFS) (III, IV)
ﬁrst service conception rate (FSCR, %) (III -V), two service (ﬁrst and
second) conception rate (TSCR, %) (III, IV) interval from calving to
successful insemination (days open, DO) (III, IV) date of successful
insemination up to 150 days after calving (DO 150) (V) and number of
services per pregnancy (NSP) (III; IV) were recorded.

4.13. Statistical analysis
Linear random-intercept models were used to explore differences in APP
concentrations (I, III) and BT between the treatment groups for paper
I. The cow was included as a random factor. Logarithmic transformation
of SAA and inverse-root transformation for Hp were used (I, III). In
paper II non-parametric Kruskal-Wallis test followed by Tukey test with
ranked sums for pair wise comparisons were used to explore differences
in BT between the treatment groups at the day of diagnosing of CM (day
3 PP) and at day 14 PP on farm 1. In paper III for comparing differences
in rectal temperature, the area under the curve (AUC) was calculated for
each cow. Analysis of variance, followed by the Bonfferoni correction,
was used to compare mean AUC values among the treatment groups.
Differences in bacterial growth from endometrium biopsies and vaginal
discharge scores were tested using generalized linear mixed models in
which a Poisson distribution was used for response variables (I, III, IV).
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The cow (I, III, IV) was included as a random factor. Polynomials for
time in ascending order and their interactions with the treatment groups
(I) and linear time (day or week) as a continuous variable, and time
interactions with treatment group and diagnosis (CM or CE) (III, IV)
served as ﬁxed factors and were added until signiﬁcant, for modelling
changes in time. Overall time-trend differences between the groups were
tested by means of an F-test. As there were different intervals between
sampling, isotropic spatial exponential correlation structures were used
to model serial correlations of repeated measurements within cows. In
paper II group differences in bacteriological ﬁndings (bacteria present
or not) and cytological investigation results (inﬂammation present or not)
by weeks were tested using Fischer exact test.
The nlme-package with statistical software R 2.7.0 (http://www.R-project.
org) was used to ﬁt linear random-intercept models, and generalized linear
mixed models were ﬁtted using the GLIMMIX procedure with the SAS/
STAT 9.1 (SAS Institute Inc., Cary, NC, USA) software.
The Cox proportional hazards model was used to explore group differences
in the duration of uterine involution (I), at the time of the ﬁrst P4 rise (I)
over 3 ng/ml and in the duration of the ﬁrst regular cycle. The statistical
software Stata 9.2 (Stata Corp, Texas, USA) was used for these models
(I, II), except WINKS SDA 6.0 (TexaSoft, Texas, USA) was used for
Kruskal-Wallis test.
Logistic regression was used to explore differences in APP concentrations
between treatment groups in paper IV. Logarithmic transformations of
APPs were used. Logistic regression was also used in papers III and IV
to evaluate evaluate differences among treatment groups for histological
examination results, days to the ﬁrst luteal response (before 50 days PP or
after 50 days PP), ﬁrst service conception (pregnant or not) and second
service conception results. Poisson regression was used to evaluate group
differences in NSP, and linear regression was used to evaluate group
differences in DO after logarithmic transformation of DO.
Logistic regression models for paper V for DFS 90, FSCR and DO 150
was used to explore associations of PP APP levels with the listed fertility
parameters (V). For analysis every PP week APP concentrations were
divided into 2-level categorical variable (high and low concentrations)
using median values of PP week’s samples and the associations of high
APP concentrations on the fertility parameters by PP week was analysed.
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Treatment group, farm and diagnosis (APM or CM) were included as
the ﬁxed factor in the models. Diagnosis was not included in the ﬁnal
models for the reason of being non-signiﬁcant. The ﬁt of the model was
evaluated with Hosmer-Lemeshow goodness-of-ﬁt test.
These analyses were made using STATA 10.0 or STATA 10.1 (Stata
Corporation, Texas, USA) software (I-V). Data are presented as means
±SEM.
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5. RESULTS
5.1. Systemic administrations of ceftiofur with 2 injections of
PGF2α in comparison with oxytocine with i.u. administration of
cephapirin and combination of ceftiofur with NSAID in early PP
5.1.1. Calving performance and exclusion
After induction of parturition all the animals from farm 1 (I, II) calved
between 268 to 276 days of gestation, four cows needed some assistance
during the calving process. All cows had retention of placenta, and severe
CM as a complication. One cow from group A was culled from the herd
and excluded from the study during the third experimental week because
of polyarthritis.
All animals in farm 2 (III) calved with no or some little assistance. One
animal from group B was culled from the herd before the end of the
sampling period because of polyarthritis and was excluded from the study.
There was a small variation in the proportion of animals with diagnosed
CM within groups (6 of 15 (40%), 5 of 14 (35.7%) and 4 of 10 (40%) in
groups A, B and C, respectively). The other animals from groups A, B
and C showed signs of CE.
5.1.2. Clinical sings
Farm 1 (I)
On the third day PP all studied animals were anorectic, had enlarged
and atonic uteruses with poorly smelling vaginal discharge. However,
one animal from group A and three cows from group B did not show
pyrexia. Temperature increased in groups B and C for three days and in
group A for four days after parturition. The maximal BT of groups A
and C was ≥39.5°C, BT of group B did not exceed 39.1°C. The analysis
of the time-trend differences between the treatments showed that BT
decreased more rapidly in group treated by combination of carbetocin
with i.u. administration of cephapirin (group A) than in positive control
group C (P = 0.014). The BT difference in animals in groups A and B
and in groups B and C was not signiﬁcant.
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All animals had a watery, fetid sanguinopurulent vaginal discharge during
the ﬁrst week PP week. No differences among the diseased animals in
vaginal discharge were found.
Farm 2 (III)
The data of daily body temperature is presented in Figure 1. The
area under the mean BT curve (AUC) was highest in group treated
by combination of systemic ceftiofur with PGF2α (group B) (AUC =
775.49 ± 1.22). It was signiﬁcantly higher than in negative control group
D (AUC = 770.85 ± 0.85, P = 0.04) and showed the trend to be higher
than in group treated by combination of ceftiofur with administrations
of NSAID (group A) (AUC = 771.41 ± 0.96, P = 0.056). The area under
the BT curve in positive control group C was similar to that in group
A (AUC = 771.31 ± 1.74), but no differences were found in comparison
with the other groups.
The mean score for vaginal discharge in animals with a diagnosis of
CM at the beginning of the study was higher than in animals with
CE (P ≤ 0.001). All animals with diagnosed CM had a watery, fetid
sanguinopurulent vaginal discharge during the ﬁrst week PP week. The
decrease in the vaginal discharge score throughout the study period did
not differ between cows with CM and CE (P = 0.23). No differences
among the diseased animals in vaginal discharge were found.

Figure 1. Mean (±SEM) area under the curve of mean body temperature of cows
treated with a combination of parenteral antibiotic and NSAID (group A) and with
a combination of parenteral administration of antibiotic and PGF2α (group B), in
comparison with the non-treated control group (group C) and healthy cows (group D).
a,b
Groups with different superscripts differ signiﬁcantly (P < 0.05)
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5.1.3. Results of US examination (I)
According to US, involution of the uterus was more rapid in treatment
groups A and B, and it was the slowest in control group C. Constant
values of uterine parameters were reached on day 27.5 ± 1.6, 26.0 ± 1.1
and 36.7 ± 2.4 in groups A, B, and C, respectively There were signiﬁcant
differences between groups B and C and between groups A and C (P =
0.002 and P = 0.012, respectively).
5.1.4. Results of bacteriological examination
Farm 1 (I, II)
A total 136 biopsies were collected, of which 82 were bacteria-positive
and the remaining 54 biopsies were found to be bacteriologically negative.
No totally negative animals were found. Four samples were missing due
to problems during collection. A total of 28% positive samples showed
mixed infections: six samples from group A, six from group B, and 11
samples from group C. The mixed cultures contained mainly Enterobacter
spp., Bacteroides spp. and Bacillus spp., T. pyogenes, F. necrophorum, and E.
coli. The most frequent isolates were Bacteroides spp. and F. necrophorum.
These organisms were isolated in 43.9% and 20.7%, respectively, of the
total positive samples. T. pyogenes and Enterobacter spp. were present in the
same number of biopsies – 13.4% each.
Animals from group treated by carbetocin with i.u. administrations of
cephapirin (group A) showed the shortest duration of uterine infection; all
the biopsies collected from those animals were bacteriologically negative
in the fourth PP week, but bacterial growth returned and again increased
in the ﬁfth week PP. Animals from group B constantly revealed a high
incidence of bacterial growth during the six weeks PP, and a decrease
to the minimum was seen only in the seventh week PP. Bacteroides spp.
constituted the major bacteria found in group B, representing 70% of all
the micro-organisms isolated in this group. The treatment had no effect
on the elimination of these bacteria. An increase in . spp. was observed
from the ﬁrst to the third week PP and then stabilized. A similar situation
was detected in group C, where the number of isolated bacterial colonies
increased during the ﬁrst three weeks PP, but then, unlike the treated
group B, it started to decrease. The slower decrease in bacterial growth
over time was seen in cows from group treated by combination of systemic
ceftiofur with PGF2α (group B), compared with group C (P = 0.009).
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Farm 2 (III)
A total of 201 biopsy specimens were collected, of which 101 were
positive for bacteria; the remaining 100 biopsy samples were found to
be bacteriologically negative. The highest number of positive samples
was found in group B (49 of the total of 101 positive samples). Nine
consistently negative animals out of the 40 in groups A, B and C were
found. From the 101 positive samples, 15 showed mixed infections: two
samples from group A, 10 from group B, and three samples from group
C. The most frequent isolates in the positive samples were Bacteroides spp.
(30.7%), Corynebacterium spp (21.8%. and T. pyogenes (10%). The number of
positive samples and the intensity of bacterial growth decreased with every
week PP (P < 0.001 and P < 0.001, respectively). Animals with an CM
diagnosis showed more intensive bacterial growth in all groups (P = 0.04),
than cows with CE. However, the number of positive samples, intensity
of bacterial growth and their time trends did not differ between groups.
5.1.5. Results of cytological examination (II)
A total 59 cytological samples were collected. Cytologically diagnosed
inﬂammation was found in 66.1% of samples. The majority of cows
those were cytologically negative for subclinical endometritis in week
5 PP were also negative in weeks 6 and 7. The proportion of animals
without cytological evidence of inﬂammation between groups by weeks
was not signiﬁcant.
A total of 56 cytological samples were taken simultaneously with uterine
biopsies. One bacteriological sample in group B and one cytological
sample in group C were missing due to problems during collection.
Twenty samples out of 56 (35.7%) were with cytologically demonstrable
inﬂammation and bacteriologically negative. Sixteen from ﬁfty-six samples
(28.6%) demonstrated cytological evidence of inﬂammation and were
bacteriologically positive. In the same number of samples (16 from 56;
28.6%) we did not ﬁnd inﬂammation using cytological criteria and did
not isolate any bacteria. From 20 bacteriologically positive samples 4
(7.1% from total number of samples) did not demonstrate cytological
evidence of inﬂammation.
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5.1.6. Acute phase proteins
Farm 1 (I)
The highest concentration of SAA was found in all experimental groups
in the ﬁrst week PP. After this peak SAA in plasma started to decrease
gradually in all the groups. It did not reach the basal level by the end of
the experiment but was stabilized by the third week PP. A slight increase in
SAA concentration was seen in the ﬁfth week PP in the untreated group.
The same trend was found for the concentration of plasma Hp. The
maximum levels were detected during the ﬁrst week PP (1.6 ± 0.1, 1.5 ±
0.1 and 1.8 ± 0.1 g/l in groups A, B, and C, respectively). The difference
in Hp concentration between the non-treated group and group treated
by combination of systemic ceftiofur with PGF2α (group B) at that time
was signiﬁcant. After the peak concentration of Hp a rapid decrease was
observed. The Hp concentration decreased to the stable level within three
weeks PP and reached the pre-partum level by the sixth week PP. No
signiﬁcant differences in the concentrations of both APP were found in
the time changing patterns between the groups.
Farm 2 (III)
The maximal levels of SAA were seen in all groups during the ﬁrst week
after parturition (P < 0.001 in all groups; Figure 2a). The differences in
levels among groups, considering their basal levels, were not signiﬁcant.
The maximal levels of Hp were also seen in all groups during the ﬁrst
week after parturition (Figure 2b). Hp levels in group B (animals treated
by combination of systemic ceftiofur with PGF2α) in the 1st week PP
were higher than in groups A and D (P = 0.047 and 0.032, respectively).
The levels in group B also remained higher in the second week, when
compared with groups A and C (P = 0.013 and 0.011, respectively).
There was no difference between the groups in the change of levels from
the ﬁrst Fb values.
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Figure 2. Mean (±SEM) concentrations of serum amyloid A (a) and haptoglobin (b) in
cows treated with a combination of parenteral antibiotic and NSAIDs (group A) and
with a combination of parenteral administration of antibiotic and PGF2α (group B), in
comparison with the non-treated control group (group C) and healthy cows (group D).

5.1.7. Start of ovarian activity
Farm 1 (I, II)
All the animals had low levels of P4 during three weeks PP, and then an
increase of more than 3.0 ng/ml measured from milk was observed in
all the groups. The ﬁrst day of the ﬁrst luteal phase was recorded on day
40.0 ± 3.4, and on days 44.0 ± 5 and 34.0 ± 5.3 PP in groups A, B, and
C, respectively. One cow from group A did not show any normal luteal
activity during the whole experimental period. No statistical difference
between the groups was found with regard to the time to start of ovarian
activity and the length of the luteal phase.
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Farm 2 (III)
More than half of the animals (29 out of 50) showed the start of ovarian
activity (ﬁrst luteal phase postpartum) during the ﬁrst 50 days PP. The
majority of animals in groups C and D showed an increase in progesterone
of above 1 ng/ml measured from plasma: 70% (7 of 10) and 63% (7 of
11), respectively. Luteal activity was seen in fewer animals from groups
A and B during the ﬁrst 50 days PP: 53% (8 of 15) and 50% (7 of 14),
respectively. No statistical difference between the groups was found with
regard to the start of ovarian activity.
5.1.8. Fertility parameters
Farm 2 (III)
Of the total of 51 cows, fertility data were obtained from 39. The data
for 12 animals (two cows in group A, seven in group B, two in group
C, and one in group D) were absent because the cows had been culled
owing to health problems not associated with reproduction (leg problems,
pneumonia and other diseases) during the period between 5 weeks and
6 months PP.
Table 1 provides a summary of the parameters of reproductive
performance. The animals in group A showed a longer period of DO
than those in groups B and D (P = 0.016 and 0.039, respectively). There
was no difference among the groups in the number of days to ﬁrst service
and the ﬁrst service conception rate. The two-service conception rate was
signiﬁcantly higher in group D than in both groups A and C (P = 0.049
and 0.035, respectively). It was not possible to perform analysis of the
TSCR in group B using logistic regression because of a 100% pregnancy
rate. The number of services per pregnancy was detected as minimal in
group B in comparison with group C (P = 0.027). It was also smaller in
group B than in groups A and D, this difference was close to signiﬁcance
(P = 0.054 and P = 0.075, respectively). Animals diagnosed with APM
showed the same DFS, DO, FSCR, TSCR, and NCP as animals with CM.
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Table 1. Fertility parameters of cows treated with a combination of parenteral antibiotic
and NSAID (group A) and with a combination of parenteral administration of antibiotic
and PGF2α (group B) in comparison with the non-treated control group (group C)
and healthy cows (group D).
Experimental Days to ﬁrst
group
service

Number of
days open

First Two services Number of
service conception services per
conception rate (%;
pregnancy
rate (%; number of
number of pregnant
pregnant
animals)
animals)

A (n = 13)

82.3 ± 4.0a

170.4 ± 20.8a 23; 3/13a

46; 6/13a

2.85 ± 0.42ab

B (n = 8)

98.6 ± 13.6a

120.6 ± 21.9b 50; 4/8a

100; 8/8

1.5 ± 0.19a

C (n = 8)

76.6 ± 5.0a

157.0 ± 20.3ab 37; 3/8a

37; 3/8a

3.25 ± 0.88b

D (n = 10)

85.8 ± 5.9a

115.3 ± 15.3b

90; 9/10b

1.9 ± 0.28ab

a,b

30; 3/10a

Groups with different superscripts within the column differ signiﬁcantly (P < 0.05)
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5.2. Early vs late postpartum treatment of clinical endometritis
using combination of systemic administrations of ceftiofur with
PGF2α (IV)
5.2.1. Calving performance and exclusion
All animals from farm 3 (IV) had normal parturition with no or some
little assistance. Two animals from group A and four from group B were
culled from the herd before the end of the sampling period because of
health problems, not associated with the uterus, and were excluded from
the study. Thirteen cows were clinically healthy on day 28 PP and were
assigned to group B1 and the remaining 18 cows from group B were
assigned to group B2.
5.2.2. Clinical sings
Vaginal discharge from negative control cows (group C) was clear and
did not occur after day 26 PP. Vaginal discharge in groups A, B1 and B2
became clear on days 31, 22 and 32 day PP, respectively.
There was no difference between treatment groups in the improvement
of vaginal discharge.
5.2.3. Results of histological examination
The rate of animals showing existence of SE was 80%, 67%, 47% and
73% in groups A, B1, B2, and C. The difference between groups A (early
treated cows) and B2 (animals treated in the late PP) was not signiﬁcant,
but showed the trend to differ (P = 0.063).
5.2.4. Acute phase proteins
Concentrations of Hp, SAA and Fb were maximum in all groups during
the 1st week after parturition, after which time they started to decrease.
There were no differences in the time-trends of APP between groups.
5.2.5. Start of ovarian activity
The start of ovarian activity, measured by P4, was detected on the 37.8
± 5.9, 36.0 ± 4.6, 30.2 ± 3.6 and 32.3 ± 4.8 day PP in groups A, B1, B2
and C, respectively. There was no signiﬁcant difference either in the start
of ovarian activity or in the length of the ﬁrst luteal phase.
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5.2.6. Fertility parameters
Data of fertility parameters of studied animals are presented in Table 2.
There was not any signiﬁcant difference between groups.
Table 2. Fertility parameters of animals treated in the early postpartum (group A),
cows recovered to 28th day postpartum (B1) and animals treated in the late postpartum
(B2) in case of clinical endometritis.
Appearance Number of First service Two service Number of Number of
of subclinical days to ﬁrst conception conception days open services per
endometritis
service
rate (%)
rate (%)
pregnancy
(%)
A

80

83.6 ± 7.9

64

93

100.7 ± 9.6

1.4 ± 0.2

B1

67

88.1 ± 10.7
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85

118.9 ± 12.4 1.7 ± 0.2

B2

47

85.6 ± 6.5

50

71

125.2 ± 14.1 2.2 ± 0.4

C

73

84.7 ± 6.7

50

75

113.0 ± 13.4 1.8 ± 0.6

5.3. Association of SAA, Hp, and Fb with fertility parameters (V)
The raw data on APP concentrations and fertility parameters are presented
in Table 3 and Figure 3, respectively. Data of APP medians, their lower
and upper quartile are presented in Figure 4.
Cows with higher Hp levels (concentrations above the median) in the ﬁrst
week PP (≥331 mg/l) had a lower probability of the ﬁrst insemination
during the ﬁrst 90 days PP (P = 0.034, OR = 0.23, CI 95% = 0.06; 0.90)
(Table 4).
Cows with higher Fb levels (above the median) in the seventh week PP
(≥5.8 g/l) had a lower probability of conception after the ﬁrst service
than those with lower Fb concentrations (P = 0.034, OR = 0.39, CI 95%
= 0.16; 0.93) (Table 4).
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Animals with higher concentrations (levels over the median) of SAA
(≥23.6 mg/l) and Hp (≥128 mg/l) in the sixth week PP had a smaller
likelihood of successful insemination up to 150 days after calving (P =
0.016, OR = 0.24, CI 95% = 0.08; 0.76 for association between SAA and
DO 150, and P = 0.030, OR = 0.26, CI 95% = 0.07; 0.87 for association
between Hp and DO 150) (Table 4).
The experimental groups, farm and diagnosis (APM, CM or healthy
animals) showed no signiﬁcant effect to the fertility parameters and no
interactions effect between experimental groups and APP or diagnosis
and APP were found.

Figure 3. Mean fertility parameters (±95% CI): days to ﬁrst service 90 (DFS 90 - ﬁrst
insemination up to 90 days), the ﬁrst service conception rate (FSCR) and successful
insemination up to 150 days after calving (DO 150) of experimental cows with acute
puerperal metritis (APM), clinical metritis (CM) and healthy animals (H).
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Week 1

Week 2

8.4
(6.1/9.6)
99.9
(61.6/145.1)
762
(693/1175)

5.9
(4.9/7.7)
12.6
(10.8/72.1)
98
(47/280)

6.7
(5.1/8.4)
53.7
(20.9/94.4)
320
(195/830)

Hp (mg/l)

SAA (mg/l)

Fb (g/l)

5.8
(4.9/6.9)
41.6
(22.3/98.4)
154
(120/231)

Healthy animals (n = 22)

Hp (mg/l)

SAA (mg/l)

Fb (g/l)

5.6
(4.5/8.3)
42.8
(17.6/70.8)
170
(71/336)

6.0
(4.3/7.7)
23.4
(10.4/55.3)
185
(134/512)

Animals with clinical metritis (n = 66)

Hp (mg/l)

SAA (mg/l)

Fb (g/l)

Animals with acute puerperal metritis (n = 10)

Acute phase
proteins

6.3
(5.4/8.0)
12.3
(7.2/63.5)
140
(40/173)

6.0
(4.6/7.6)
15.5
(5.6/54.1)
160
(100/233)

4.7
(4.0/7.1)
15.5
(9.1/59.5)
84
(35/119)

Week 3

5.9
(4.3/7.2)
16.9
(9.1/78.8)
128
(48/175)

5.9
(4.4/7.4)
24.2
(9./55.0)
128
(81/197)

5.9
(4.4/6.6)
12.9
(4.6/91.4)
77
(49/526)

Week 4

4.9
(4.2/6.1)
9.0
(5.8/24.6)
78
(35/136)

5.8
(4.2/7.1)
35.8
(8.1/105.0)
127
(56/191)

6.1
(5.4/78.1)
40.2
(17.7/99.6)
65
(51/249)

Week 5

4.8
(4.1/5.9)
11.5
(7.9/19.3)
79
(36/128)

5.9
(4.2/7.4)
28.4
(8.1/86.4)
154
(85/229)

5.1
(3.9/6.0)
43.9
(19.3/110.4)
57
(38/169)

Week 6

5.2
(4.3/5.3)
7.8
(5.9/33.3
77
(50/134)

5.8
(4.2/6.5)
16.6
(8.6/65.8
128
(96/178)

5.8
(4.3/5.8)
16.2
(12.0/21.2)
52
(37/78)

Week 7

Table 3. Median (lower quartile/upper quartile) concentration of ﬁbrinogen (Fb), serum amyloid A (SAA) and haptoglobin (Hp) in plasma of
experimental cows at postpartum (PP) weeks.
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APP
(unit)

Hp (mg/l)
Fb (g/l)

Fb (g/l)

Hp (mg/l)
SAA (mg/l)

Fertility parame-ter

DFS 90
yes/no

FSCR preg./not
preg.

DO 150 preg./not
preg.

6
6

7

1
1

PP week

128 (48; 48)
23.6 (48; 48)

5.8 (48; 47)

APP
median
(n of animals over and
under the median)
331 (30; 30)
6.7 (49; 49)

96 (73; 23)
96 (73; 23)

95 (44; 51)

60 (42; 18)
98 (71; 27)

Nu mber of an i ma ls (n
of a n i ma ls i n fer t i l it y
parameter groups)

0.25 (0.030)
0.24 (0.016)

0.39 (0.034)

0.23 (0.034)
0.40 (0.065)

OR
(P value)

0.07; 0.87
0.08; 0.77

0.16; 0.93

0.06; 0.90
0.15; 1.06

CL 95%
of OR

Table 4. Associations between fertility parameters: ﬁrst insemination up to 90 days postpartum (PP; DFS 90), the ﬁrst service conception rate
(FSCR), the date of successful insemination up to 150 days after calving (DO 150) and acute phase proteins (serum amyloid A; SAA, haptoglobin;
Hp and ﬁbrinogen; Fb) by PP weeks.

Figure 4. Median (lower quartile/upper quartile and minimum/maximum)
concentration of serum amyloid A, haptoglobin and ﬁbrinogen in experimental animals.
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6. DISCUSSION
Contamination of the uterine lumen by such pathogens as T. pyogenes, F.
necrophorum, Prevotella species and E. coli can cause inﬂammation, which can
involve the uterine mucosa alone and cause CE, or also inﬂammation of
the uterine wall, which cause the occurrence of CM (Sheldon et al., 2004;
Sheldon et al., 2008). In some cases is very difﬁcult to differentiate CM
from CE. Results from previous studies (Sheldon et al., 2004; Benzaquen
et al., 2007) showed that in some cases no pyrexia was found in cases
of CM with severe bacterial infection. So, considering that CM and CE
have the same etiology, and the difﬁculty in differentiation between these
diseases, they could both be treated using the same treatment scheme.
Diagnosis of CM or CE means that inﬂammation of uterine wall is caused
by pathogens. Treatment of these uterine inﬂammations should include
using of i.u. or parenteral administration of antibiotics. However, the
use of i.u. antimicrobial therapy does not reduce the signs of systemic
illness caused by CM; although i.u. administration produces higher drug
concentrations in the endometrium, there is little penetration into the
deeper layers of the uterus or the other reproductive tissues (Masera et
al., 1980; Bretzlaff et al., 1982). Additionally, the use of i.u. therapy in
combination with parenteral antibiotics has shown no difference when
compared with the use of parenteral administration alone (Smith et al.,
1998). Drillich et al. (2001) reported that the use of intramuscular (i.m.)
injections alone can be less expensive for farmers. Therefore, the use
of parenteral antibiotics for the treatment of CM and CE may be more
sensible in practice than i.u. administration.
Ceftiofur is one of the most investigated parenteral antibiotics without
milk withdrawal time and the positive effects described in previous clinical
studies (Drillich et al., 2002; Risco and Hernandez, 2003; Chenault et
al., 2004), was used in the present study in combination with PGF2α.
It is known that PGF2α have a beneﬁcial effect on the improvement of
uterine health during PP uterine inﬂammations. In addition to uterotonic
effect, PGF2α results the decrease in P4, witch down-regulates the
immune function of uterus, and takes up an estrogen, witch improve
uterine immune function (Lewis, 1997). One more positive effect of
PGF2α on the uterine immune function appear in increasing leukotriene
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B4 secretion by the uterus, which support chemotaxis, cell-mediated
cytotoxicity, phagocytosis and lymphocyte function (Lewis, 2003).
The concentration of PGF2α metabolites in dairy cows increases around
parturition and, in case of normal parturition and puerperium, returns to
base levels on 10th-20th day PP (Guilbault et al., 1984). In cows with normal
uterine involution, the duration of this release is negatively correlated
with the time of completed uterine involution. It means, that healthy
cows, that have prolonged period of high level of prostaglandins show
the most rapid involutionary process (Lindell et al., 1982). The situation is
different in case of PP uterine inﬂammations, such as clinical endometritis.
Takes place the activation of arachidonic acid cascade, that lead to a
large amount of formed PGF2α as an indicator of the infection and
cellular destruction of tissues. The inﬂamed uterus can also stimulate the
production of prostaglandins outside the uterus causing elevated levels
of the prostaglandin metabolites (Kindahl et al., 1992). However, the
duration of elevated PGF2α period in cows with abnormal puerperium
is shorter than in normal cows. After the period of more higher increase
than in normal cows, concentration of prostaglandin metabolites decline
drastically at 7-10 days PP, while healthy cows show longer period of
increased prostaglandins levels (Nakao et al., 1997). The shorter duration
or release of PGF2α could partly be responsible for prolonged period of
uterine involution in cows with abnormal PP period (Nakao et al., 1997).
So, administration of exogenous PGF2α after the peak of endogenous
PGF2α (day 4th PP in cows with abnormal puerperium) (Nakao et al.,
1997) could elongate the period of elevated PGF2α and improve fertility
of animals with inﬂamed uterus.
6.1. Systemic administrations of ceftiofur with 2 injections of
PGF2α in comparison with oxytocine with i.u. administration of
cephapirin and combination of ceftiofur with NSAID in early PP
The ﬁrst purpose in the treatment of CM and CE is to support the cow’s
wellbeing and reduce the period of depression and loss of appetite. Both
PGF2α and oxytocin, which were used in the present study, stimulate
myometrial contraction (Gajevski et al., 1999; Kaczmarowski et al., 2004)
and help uterine cleaning from lochial debris and discharge containing
micro-organisms. Intrauterine and parenteral antibiotics should reduce
bacterial growth in the inﬂamed uterus. In our study a high level of
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bacterial growth was detected in all experimental groups during the ﬁrst
two weeks PP, ﬁndings also found elsewhere (Makimura and Suzuki, 1982;
Kaczmarowskin et al., 2004). Non-steroidal anti-inﬂammatory drugs,
due to their antipyrectic and anti-inﬂammatory effects, should reduce
the clinical signs and inﬂammatory parameters that accompany CM and
CE, as well as signs of intoxication. It is especially important in the case
of severe cases of CM and toxiﬁcation due to lipopolysaccharides from
bacteria (E. coli and others). These conditions may be fatal if not treated.
Reducing the clinical signs of disease (normalization of BT and vaginal
discharge), followed by a decrease in the systemic inﬂammatory reaction,
and elimination of bacteria from the uterine lumen, are the physiological
indicators of the disappearance of disease. Treatment of cows with CM
and CE using combination of systemic administrations of ceftiofur with
2 injections of PGF2α did not help to decrease BT and vaginal discharge
score more rapid than in untreated control cows and animals treated by
other tested treatments in the present research. Furthermore, in farm 1
(I) more rapid decrease of BT was seen in group treated by oxytocine
with i.u. administration of cephapirin, that could be explained by the fact
that the maximum BT in this group was observed on day three PP in
comparison with groups B and C where the maximum BT was measured
on day two PP. Considering the fact that the BT peaked in group A on
day three PP, in the other groups (C and B) a decrease in BT, which
had then been already observed, this may have been the cause of the
changes of BT curve in time. However, at the end of BT measurement
period (day 14 PP) BT in experimental groups did not differ (II). Cows
from farm 2 treated by ceftiofur with PGF2α showed highest BT (III) in
comparison with negative control and showed a tendency to be higher in
comparison with group treated by parenteral antibiotics with NSAID. The
normalisation of vaginal discharge did not differ between experimental
groups (I, III). Using of PGF2α in combination with ceftiofur, also
did not improve inﬂammatory parameters (APP). Furthermore, these
animals showed the highest Hp concentration in the early PP period in
comparison with other groups (III).
Chenault et al. (2004), however, detected a more rapid reduction in BT
in cows treated with ceftiofur hydrochloride than in the control group,
which was not in agreement with the results of Smith et al. (1998a) and
Drillich et al. (2001) who noticed no difference between the groups.
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Azawi et al. (2008), on the other hand, found that vaginal discharge in
buffaloes treated by parenteral injections of oxytetracycline and PGF2α
was improved and changed into clear mucus, showing the same result
as the negative control group. However, Hendricks at al. (2005), using
PGF2α twice a day on days seven 7 and 14 and once on days 22 and 35
PP, did not detect any difference in the prevalence of purulent discharge
between the treated and non-treated groups.
The combination of ceftiofur with PGF2α use in the present study did
not improve uterine condition (cleaning from bacteria, demonstration of
cytological evidence of inﬂammation) and start of ovarian activity. Samitz
et al. (1996) reported poor activity of ceftiofur against Bacteroides spp. It
could be an explanation of a poor lack of cleaning of uterus from patogens
in group treated by ceftiofur (I-III). It is interesting that the growth
intensity of Bacteroides spp. of cows from farm 1 (I) was higher in the
treated than in the non-treated groups. The current authors believe that it
could be explained by the elimination of some antagonistic microbes after
treatment that can allow the growth of Bacteroides spp. Berg (1978) showed
that the strictly anaerobic Eubacterium spp. and Fusobacterium spp. that
colonized gnotobiotic mice caused a reduction in the in vivo population
levels of the strictly anaerobic Bacteroides spp. However, this question has
been insufﬁciently investigated and requires further research.
The only positive effect of combination of systemic ceftiofur with 2
injections of PGF2α was results of uterine involution according to US
examination (I). This positive effect could be reached due to effect of
PGF2α on uterine condition. Previous studies, where prostaglandins
were used (Kask et al., 2000; Melendez et al., 2004), had similar results.
However, group treated by oxytocin and i.u. administration of cephapirine
showed the same rapid uterine involution (I).
Unfortunately, fertility parameters of animals from farm 1 (I) were not
usable due to problems with correct time of insemination. This problem
was detected using P4 measurements. In farm 2 (III) the TSCR in the
present study was highest in the group treated by PGF2α in addition to
parenteral antibiotics, and in the healthy control group. Animals from
this group (group B) showed the same positive result for NSP as control
group D. These results are in agreement with some previous studies in
which the mean number of services per pregnancy was lower in healthy
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animals (Burlund et al., 2008; Gautam et al., 2009), which means that
cows from group B in the present study probably recovered from uterine
inﬂammation. It is known that prostaglandins enhance uterine defence
mechanisms, help to promote uterine contractility, contribute to uterine
involution and help to shorten periods of bacterial infection (Bonett et
al., 1990; Schoﬁeld et al., 1999; Melendez et al., 2004). Hirsbrunner et al.
(2006) in their study, however, did not detect any signiﬁcant effect on the
fertility parameters measured (DFS, DO, NSP) using PGF2α in dairy
cows in the PP period. In addition, Mejia and Lacau-Mengido (2005),
who used a PGF2α analogue for treatment of endometritis, detected a
negative effect of PGF2α on the DFS and pregnancy rate by day 90 PP
in multiparous cows.
So, comparison of i.m. injections of ceftiofur for ﬁve days followed by
two injections of dinoprost (PGF2α analogue) at an interval of 8 h on day
eight PP in farm 1 did not have clear effect on the improvement of clinical
signs, inﬂammatory parameters, bacteriological and cytological ﬁndings
during CM (I, II). Regardless of more severe inﬂammation that was
detected in animals from the group treated by parenteral administration
of AB with PGF2α (the highest body temperature and concentration of
Hp) in comparison with combination of parenteral AB with NSAID in
farm 2 (III), they showed the same fertility parameters as healthy animals.
Choosing a treatment strategy for APM and CM must be based on the
animal welfare and economic aspects. It is important not to over-diagnose
PP uterine inﬂammations and is possible that in the case of less severe
cases of CM PGF2α alone should be used.

6.2. Early vs late postpartum treatment of clinical endometritis
using combination of systemic administrations of ceftiofur with
PGF2α
In this study no signiﬁcant differences in any of the clinical or physiological
parameters were found between experimental groups. However, TSCR in
the early treated group was better than in the group treated in the late PP
(93% and 71% in groups A and B2, respectively). The same tendency was
seen in number of DO (100.7 ± 9.6 and 125.2 ± 14.1 in groups A and B2)
and in NSP (1.4 ± 0.2 and 2.2 ± 0.4 in groups A and B2, respectively).
But those differences were not signiﬁcant, possibly because of not enough
57

number of studied animals. The analysis of optimal sample size showed
that this difference could be signiﬁcant in case of more signiﬁcant number
of studied animals (at least 55 animals per group).
This positive effect of using this treatment in the early PP could be
explained by changes in PP physiology as a result of administration of
PGF2α. Nakao et al. (1997) treated endometritic animals with PGF2α
on days 7 to 10 PP, and showed that the fertility parameters of treated
cows were the same as in healthy control animals.
The results of the current study also agree with other studies which have
demonstrated a negative, or nil, effect of PGF2α administered in the late
PP. Mejía and Lacau-Mengido (2005) treated endometritic cows with
PGF2α every 20 days, if endometritis was rediagnosed during rechecking
by rectal palpation, starting on days 30-50 PP, and reported a negative
effect of PGF2α on days to ﬁrst service and days open. Feldmann et al.
(2005), in a study of the treatment of chronic bovine endometritis, treated
animals with prostaglandins over 21 days PP. Two weeks following the
ﬁ rst treatment, cows were reexamined. The treatment group did not
differ with respect to the clinical outcome or reproductive performance.
In cases of conﬁrmation of diagnosis at the second examination, the
treatment was repeated. Animals after a single treatment had a higher
cure rate and ﬁrst service conception rate, and lower pregnancy index
when the treatment was performed after day 42 PP. LeBlanc and others
(2002b) found that administration of PGF2α between 20 and 26 days PP,
to cows with endometritis that did not have a palpable corpus luteum,
was associated with a signiﬁcant reduction in pregnancy rate. However,
there was no difference in pregnancy rate between animals treated in the
period between 27 and 33 days PP and untreated cows.
The rate of normalization of vaginal discharge, levels of APPs, start
of ovarian activity and fertility parameters of animals in the present
study did not differ between experimental groups. So, neither early nor
late administration of PGF2α had any effect on clinical or biochemical
parameters, or the presence of SE in animals with PP CE. The presence
of SE in the control group C was quite high (50%). This could have
been because of a high incidence of SE in this herd generally. Fertility
parameters in group A (early treated cows) were better in comparison
with group B2 (animals treated in the late PP), however this difference
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was not signiﬁcant. But the analysis of optimal sample size showed that
it could be signiﬁcant in case of using at least 55 studied animals per
experimental group.
6.3. APP and their relationship with subsequent fertility of cows
after postpartum uterine inﬂammation
Previous studies have shown an increase in APP concentration after
parturition, indicating an acute PP uterine inﬂammation (Smith et al.,
1998a; Sheldon et al., 2001; Melendez et al., 2004; Drillich et al., 2007).
Increased levels of APP were seen in the present study too (I, III).
Stabilization of APP concentration was seen between the third and
the fourth weeks PP (I, III). This result is in agreement with a study
where the concentration of plasma Hp was measured in ewes affected
by experimentally induced metritis (Regassa et al., 2002). In 1993–1995
Smith et al. (1998a) compared the treatment efﬁcacy with i.u. and i.m.
administration of antibiotics. In their study Hp was also used for the
measure of the success of treatment strategies, and no difference was
detected in APP concentration between the groups in farm 1 (I). Animals
from farm 2 (III) treated by combination of parenteral ceftiofur with
PGF2α showed more severe inﬂammation (higher BT and Hp levels).
So, we got a conﬁrmation of possibility to use APP as diagnostic marker
and exposure of treatment success using prescription of APP in case of
CM and CE.
Increased concentrations of APP are usually caused by inﬂammation
processes. In this study only the animals with uterine inﬂammation
and clinically healthy cows were used, so it is likely that enhanced
concentrations of APP were associated with APM or CM. Sheldon and
others (Sheldon et al., 2006) have shown that uterine inﬂammation affects
subsequent fertility. Therefore, increased concentrations of APP could
be associated with the subsequent fertility of dairy cows.
In the present study (V) a relationship between APP levels and fertility
parameters was found in both animals with uterine inﬂammation and
clinically healthy cows. According to Chan et al. (Chan et al., 2010) in
most healthy cows, APP concentrations (typically not elevated), were
associated with better fertility parameters. Increased concentrations of
Hp can be dectected not only in the clinically affected, but also in the
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subclinically affected dairy cows (Bertoni et al., 2008; Chan et al., 2010).
Gilbert et al. (2005) and Vieira-Neto et al. (2014) have demonstrated
the effects of subclinical uterine inﬂammations on fertility parameters,
therefore it is proposed that some single increased APP values, which
were associated with poorer fertility, could be explained by subclinical
endometritis.
APP levels increase in all cows after parturition. The increase is associated
with parturition, whereas it is more signiﬁcant in diseased animals
(Hirvonen et al., 1999). In the present study the higher levels of Hp
during the ﬁrst week after parturition were associated with delayed ﬁrst
insemination. All cows included in the study were inseminated during the
ﬁrst detected oestrus after the voluntary waiting period. So, all delayed
ﬁrst inseminations could be related to a prolonged anovulatory period
due to a possible negative energy balance, or missed heats, which might
be caused by silent heats. Galväo et al. (2010) detected greater NEFA
concentrations at calving and at day 35 PP in cows with clinical and
subclinical uterine inﬂammation. The negative energy balance could
affect normal oestrous behaviour and recovery of ovarian activity. In
the present study it seems that if these events that are related to calving
take place earlier, they are more likely to be associated with increased
APP levels in the ﬁrst week after parturition.
In the period from the second to the fifth week PP, levels of APP
remained elevated in most animals. The process of normalisation of
uterine condition in most of the diseased animals had been ﬁnished by
the sixth week PP (Hirvonen et al., 1999). However, in some animals an
inﬂammation process could develop from the acute form to the chronic
or subclinical form. Concentrations of APP in these animals persist at
a high level and, related to possible uterine inﬂammation, are associated
with poorer DO 150 and FSCR. It seems that these fertility parameters,
which depend not only on resumption of ovarian activity but also on
oocyte viability and uterine condition, were associated with increased
APP concentrations at the end of the experimental period (weeks six
and seven PP).
Hirvonen et al. (1999) and Chan et al. (2010) showed the relationship
between APP levels and fertility in cases of severe puerperal uterine
inﬂammation. The present study indicated this association in animals
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with APM, as well as in animals with CM and clinically healthy cows. The
treatment groups had no effect on the relationship between SAA, Hp, and
Fb and fertility parameters. Consequently, increased APP levels in animals
with a more severe inﬂammation in the early PP period, and treatments
that appeared to be less effective by the end of the experimental period,
were associated with poorer fertility, while lower APP concentrations in
healthier animals were associated with better fertility.
In conclusion, the ﬁndings of this study indicate that plasma Hp, SAA, and
Fb, measured during the PP period, may be associated with subsequent
fertility in both treated animals with APM and CM, and healthy dairy
cows. Further studies with larger numbers of cows, and longer follow-up
periods are required.
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7. CONCLUSIONS
1.

The ﬁndings of the present study indicate that treatment of CM
and CE using oxytocine with i.u. administration of cephapirin and
combination of ceftiofur with NSAID did not improve clinical
cure, inﬂammatory parameters or elimination of bacteria from the
uterus. Regardless of more severe inﬂammation that was detected
in animals from the group treated by parenteral administration
of antibiotic with PGF2α (the highest body temperature and
concentration of Hp), they showed the same fertility parameters
as healthy animals.

2.

Treatment of CE in the early PP period, the use of systemic
administration of ceftiofur with two injections of PGF2α at an
interval of 8 h, could be more preferable to using the same treatment
in the late PP.

3.

The ﬁndings of this study indicate that serum Hp, SAA, and Fb,
measured during the PP period, may be associated with subsequent
fertility in both treated animals with APM and CM, and healthy
dairy cows.
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SUMMARY IN ESTONIAN
P ROSTAGLANDIINI F2α

JA ANTIBIOOTIKUMIDE LIHASTESISENE VÕI

NAHAALUNE KASUTAMINE POEGIMISJÄRGSE METRIIDI JA ENDOMETRIIDI
RAVIS LÜPSILEHMADEL NING TAASTIINESTUMISE VÕIMALIK HINDAMINE
AKUUTSE FAASI PROTEIINIDE MÄÄRAMISE KAUDU

Sissejuhatus
Vaatamata viimaste aastakümnete edusammudele veterinaarmeditsiinis,
on lüpsilehmade poegimisjärgne emakapõletik tõsine terviseprobleem,
mis võib mõnel juhul haarata tervet karja.
Aeroobsed ja anaeroobsed bakterid, mis satuvad pärast poegimist emaka
loomuliku taandarengu kestel avatud emakakaela kaudu emakavalendikku,
elimineeritakse tavaliselt emaka mitmesuguste kaitsemehhanismide
abil. Emakavalendiku saastumine selliste patogeenidega nagu Trueperella
pyogenes (Arcanobacterium pyogenes), Fusobacterium necrophorum, Prevotella spp.
ja Escherichia coli koos emaka nõrgenenud immuunsusega võib põhjustada
põletikku. See võib haarata ainult emaka limaskesta ja põhjustada kliinilist
endometriiti, kuid põletik võib levida ka kogu emakaseinale, mille puhul
on tegemist kliinilise metriidiga.
Poegimisjärgsete emakapõletike raviks on palju võimalusi: emakasisene
ja süsteemne antibiootikumide manustamine, antiseptiline lahus
emakasiseseks manustamiseks, nt joodipreparaadid, tugiteraapia
(mittesteroidsed põletikuvastased ravimid (nonsteroidal antiinﬂammatory
drugs, NSAID), vedelikravi), hormoonravi (östrogeen, oksütotsiin,
prostaglandiin F2α (PGF2α)).
Kuigi kliinilise metriidi ja endometriidi ravi käsitlevad mitmed
teaduspublikatsioonid, on optimaalne raviskeem siiani problemaatiline.
Eestis on üsna laialdaselt kasutusel PGF2α preparaadid kombinatsioonis
süsteemselt või emakasiseselt manustatavate antibiootikumidega.
PGF2α kasutamine tekitab emaka lihaskesta kokkutõmbeid, mis aitavad
puhastada emakat mikroorganisme sisaldavast lohhiast ja võivad esile
kutsuda inna, mis samuti aitab emakat puhastada. Peale selle aitab
PGF2α vähendada suurt progesteroonisisaldust (P4), suurendab
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östrogeenisisaldust ja soodustab leukotrieen B4 sekretsiooni emakas.
Kõik eelnimetatu tugevdab emaka immuunfunktsiooni ja aitab emakal
võidelda põletikutekitajatega.
Antibiootikumide süsteemne manustamine on näidustatud üldseisundi
kiiremaks normaliseerimiseks.
Kogu eelmainitust tulenevalt on käesoleva uurimuse eesmärgiks saada
uut teavet poegimisjärgse kliinilise metriidi ja endometriidi ravi kohta,
mille käigus manustatakse lihastesiseselt antibiootikumi kombinatsioonis
PGF2α-ga. Toimunud uuringute käigus prooviti määrata ravi optimaalne
aeg, uurida ravi toimet looma kliinilistele ja füsioloogilistele näitajatele
ning sigivusele.
Emaka lihaskesta kokkutõmmete esilekutsumiseks ja emaka puhastamiseks
mikroobe sisaldavast lohhiast saab kasutada ka oksütotsiini. PGF2α ja
oksütotsiini positiivse toime hindamiseks emakale korraldati prooviuuring,
milles võrreldi kliinilise metriidi ravimeetodeid.
Põletikulise protsessi ägedust ja vaibumist saab kindlaks määrata
selliste põletikumarkerite abil nagu akuutse faasi proteiinid (acute
pahase proteins; APP). Akuutse faasi proteiinide süntees maksas on üks
organismi akuutse faasi vastuse (acute phase response; APR) süsteemsetest
muutustest. Akuutse faasi vastus on organismis mittespetsiiﬁ line ja
kompleksne füsioloogiline protsess, mis areneb pärast koekahjustust.
Akuutse faasi vastus on kaasasündinud immuunsuse osa, mis võimaldab
peremeesorganismile esmast kaitset haigusliku protsessi kriitilises
algstaadiumis. Akuutse faasi proteiinide mõõtmine on potentsiaalselt
kasulik meetod selliste poegimisjärgsete tüsistuste varajasel avastamisel
nagu emaka poegimisjärgne saastumine ja emakapõletik. Akuutse faasi
proteiine saab veterinaarmeditsiinis kasutada diagnostiliste ja prognostiliste
markeritena, mis võimaldavad prognoosida haigusest paranemist ning
hinnata.

Ceftiofuri ja PGF2α süsteemne kooskasutamine võrrelduna
intrauteriinse cefapirini manustamisega kombinatsioonis
ok sütotsi i n i g a ja süsteemse cef t iof u r i n i n g NSA I D i
kombinatsiooniga varapoegimisjärgses järgus
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Kakskümmend üks lõpptiinet lehma jagati juhuslikult kolme rühma, igasse
rühma seitse lehma. Selleks, et saada päramiste peetust, millele reeglina
järgneb kliiniline metriit, kutsuti kõikidel lehmadel poegimine esile kaks
nädalat enne loodetavat poegimist kahe PGF2α süsti abil (Dinolytic®,
Pfizer Animal Health). Üks süsteannus oli 25 mg ja manustamiste
vaheline intervall 24 tundi. Pärast poegimist päramiste peetust ei ravitud.
Kliiniline metriit diagnoositi kliinilise läbivaatuse käigus kolmandal
päeval pärast poegimist. Varasemad uuringud näitavad, et mõnikord
võib raskekujuline bakterinfektsioon kulgeda kliinilise metriidi puhul
ilma palavikuta (Sheldon jt 2004, Benzaquen jt 2007). Uuringus liigitati
tõusnud kehatemperatuur (≥39,5°C) metriidi lisasümptomi alla. Ravi algas
kohe pärast metriidi diagnoosimist (kolmas poegimisjärgne päev). Esimest
rühma (A) raviti karjas tavapärase ravimeetodiga: 0,35 mg karbetotsiini
(oksütotsiini analoog) (Hypophysin® LA, Veyx-Pharma GmbH)
lihastesiseselt kolmel järjestikusel päeval alates 3. poegimisjärgsest päevast
ja 500 mg tsefapiriini (Metricure®, Intervet international) emakasiseselt
15.–17. poegimisjärgsel päeval. Teise rühma (B) loomi raviti 1 mg/kg
lihastesiseselt manustatava tseftiofuuriga (Excenell RTU®, Pharmacia
Animal Health) viie päeva jooksul, millele järgnes 8. poegimisjärgsel
päeval kaheksatunniste intervallidega kaks 25 mg dinoprosti süsti (PGF2α
analoog) (Dinolytic®, Pﬁzer Animal Health). Kolmanda rühma (C) loomi
käsitleti kui kontrollrühma ja neid ei ravitud.
Uuringu käigus võrreldi kahe ravimeetodi mõju kliinilise metriidi haiguse
sümptomitele. Lehmade füsioloogilist reaktsiooni ja emaka seisundit
võrreldi ravi mittesaavate kontroll-loomade omaga. Uuringu käigus
mõõdeti kehatemperatuuri, hinnati vaginaalnõret, võeti vereproovid
APP määramiseks (seerumi amüloid A (SAA) and haptoglobiin (Hp)) ja
piimaproovid P4 määramiseks, tehti emaka ultraheliuuring, hinnati emaka
biopsiaid (bakterioloogiline hinnang) ning tsütoloogiliseks uuringuks
võetud emakaseina tsütoharja proove.
Kehatemperatuuri jälgimist alustati poegimispäeval ja seda tehti esimese
kahe poegimisjärgse nädala kestel iga päev. Nõre iseloom perineaalosas
või sabal registreeriti kõikidel loomadel iga päev seitsme nädala
jooksul pärast poegimist. Vereproove võeti alates 4,8±0,5 päevast enne
poegimise esilekutsumist ning jätkati kaks korda nädalas seitsme nädala
jooksul pärast poegimist. Piimaproove võeti kaks korda nädalas alates
esimesest nädalast pärast poegimist seitsme nädala jooksul. Emaka
biopsiad bakterite määramiseks ja tsütoharja proovid tsütoloogiliseks
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uuringuks võeti kõikidelt katseloomadelt kord nädalas seitsme nädala
jooksul. Ultraheliuuring toimus iganädalaselt kuni katse lõpuni. Plasma
Hp määrati hemoglobiini sidumise prooviga, kusjuures kromogeenina
kasutati tetrametüülbensidiini modiﬁkatsiooni (0,06 mg/ml). Seerumi
amüloid A vereplasmast määrati ensüümseotud immunosorbentanalüüsiga
(ELISA) (Phase SAA kit, Tridelta Development Ltd.). Piima P4 määrati
ELISA meetodiga.
Statistiline analüüs ravimeetodite vahel näitas, et kehatemperatuur langes
kiiremini A-rühmas (rühma raviti karbetotsiiniga ja intrauteriinselt
manustatava tsefapiriiniga) kui C-rühmas (p=0,014). Kehatemperatuuri
kiirem langus A-rühmas on selgitatav asjaoluga, et selles rühmas
mõõdeti maksimaalset kehatemperatuuri kolmandal poegimisjärgsel
päeval võrreldes B- ja C-rühmaga, kus maksimaalset temperatuuri
mõõdeti teisel poegimisjärgsel päeval. Maksimaalne kehatemperatuur
esines A-rühmas kolmandal poegimisjärgsel päeval, teistes rühmades
(C ja B) toimus temperatuuri langus varem. See asjaolu võis A-rühmas
mõjutada kehatemperatuuri muutusi ajas. Kõikidel loomadel esines
esimesel poegimisjärgsel nädalal vesine, haisev, verd ja mäda sisaldav
nõre. Pärast kolmandat poegimisjärgset nädalat muutus kõikide lehmade
nõre selgemaks ja sisaldas vähem mäda. Ultraheliuuring näitas, et emaka
taandareng oli kiirem A- ja B-rühmas ning kõige aeglasem C-rühmas.
Erinevus A- ja C- (p=0,012) ning B- ja C-rühmade vahel (p=0,002) oli
statistiliselt oluline.
Kokku võeti 136 biopsiat, 82 neist olid bakterioloogiliselt positiivsed,
ülejäänud 54 biopsiat bakterioloogiliselt negatiivsed. Kõige sagedamad
isolaadid olid Bacteroides spp. ja F. necrophorum. B-rühmas olid peamised
bakterid Bacteroides spp. (80% selles rühmas eraldatud mikroorganismidest).
Nende bakterite elimineerimisele ei avaldanud ravi mingit mõju.
Tseftiofuuril ei ole toimet Bacteroides spp. vastu. Bakterikasv vähenes
B-rühma lehmadel võrreldes C-rühmaga (p=0,009) aeglasemalt.
Kokku koguti tsütoharja abil 59 tsütoloogilist proovi. Tsütoloogiliselt
diagnoositud põletik esines 66,1% proovides. Enamik lehmadest, kes
olid viiendal poegimisjärgsel nädalal subkliinilise endometriidi osas
tsütoloogiliselt negatiivsed, olid negatiivsed ka kuuendal ja seitsmendal
nädalal. Põletiku osas ei leitud statistilist erinevust tsütoloogilise tõenduseta
loomade arvu suhtes rühmades nädalate lõikes.
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Samal ajal tsütoloogiliste proovidega võeti 56 emakabiopsiat, mida
uuriti bakterioloogiliselt. Kakskümmend proovi 56-st (35,7%) näitasid
tsütoloogilises uuringus põletiku olemasolu, aga olid bakterioloogiliselt
negatiivsed. Kuusteist proovi 56-st (28,6%) näitasid põletikku ja olid
bakterioloogiliselt positiivsed. Samas arvus proovides (16 proovi 56-st;
28,6%) ei leitud tsütoloogiliste kriteeriumide põhjal põletikku ja mingeid
baktereid ei isoleeritud. Kahekümnest bakterioloogiliselt positiivsest
proovist neljas (7,1% proovide koguarvust) puudusid tsütoloogilise
uuringu põhjal põletiku tunnused. Mõned tsütoloogiliselt põletikulised
proovid sisaldasid fagotsüteerunud baktereid, aga samal ajal võetud
emakabiopsiad olid bakterioloogiliselt negatiivsed. Järelikult ei suutnud
antud uurimuses emakabiopsiate bakterioloogiline uuring avastada kõiki
bakteriinfektsiooni juhtumeid. Lisaks on lahknevusi võimalik selgitada
steriilse emakapõletikuga.
Kõikides rühmades olid vereseerumi SAA ja Hp suurim keskmine
kontsentratsioon esimesel poegimisjärgsel nädalal. Seerumi amüloid A
kontsentratsioon ei saavutanud katse lõpuks algtaset, kuid stabiliseerus
kolmandaks poegimisjärgseks nädalaks. Hp kontsentratsioon saavutas
kolmanda poegimisjärgse nädala kestel stabiilse taseme ja kuuendaks
poegimisjärgseks nädalaks poegimiseelse taseme. Kummagi APP
keskmises kontsentratsioonis ei olnud rühmade vahel olulisi muutusi ajas.
Kõikidel loomadel oli kolme poegimisjärgse nädala kestel veres madal
P4 sisaldus, seejärel täheldati kõikides rühmades rohkem kui 3 ng/ml
suurenemist. Innatsükli talitluse alguses ja kollakehafaasi pikkuses ei
leitud rühmade vahel olulisi erinevusi.
Antud uurimuse tulemused näitavad, et ravimeetoditel ei olnud kliinilise
metriidi esinemise jooksul selget mõju kliiniliste sümptomite ega
põletikunäitajate muutustele.
Järgnevalt viidi läbi suurema valimiga uuring, et võrrelda pakutud
raviskeemi (tseftiofuuri lihastesisene manustamine koos PGF2α kahekordse
manustamisega) laiemalt kasutatava raviskeemiga (lihastesiseselt
manustatav tseftiofuur koos NSAID-de manustamisega) eesti holsteini
tõugu piimalehmadel, kellel diagnoositi kliiniline metriit või kliiniline
endometriit.
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Uuringus osalesid korduvalt poeginud lõpptiined eesti holsteini tõugu
lehmad (n=68), kelle loodetav poegimine pidi toimuma kahe järgneva
kuu jooksul. Uuringust jäid välja loomad, kellel diagnoositi kliiniline
mastiit, artriit, sõrahaigused või teised kliinilised haigused, välja arvatud
kliiniline metriit ja kliiniline endometriit. Emakapõletik diagnoositi
kolmandal poegimisjärgsel päeval vaginaalse ja rektaalse uurimise ning
kehatemperatuuri mõõtmise teel. Selleks, et tagada ravirühmade vahel
põletikureaktsiooni tugevuse ühtlane jaotuvus, mõõdeti kolmandal
poegimisjärgsel päeval ﬁbrinogeeni (Fb) sisaldust. Fibrinogeenisisalduse
alusel jagati loomad rühmadesse, kasutades kihtjuhuvalimit (kihtideks olid
Fb tulemuste vahemikud). Loomade ravi algas kolmandal poegimisjärgsel
päeval. A-rühma (n=15) raviti 1 mg/kg intramuskulaarselt manustatava
tseftiofuuriga (Exenell RTU®, Pharmacia Animal Health) viie päeva kestel
koos samal ajal manustatava 1,1 mg/kg ﬂuniksiiniga (Finadyne® vet.,
Schering-Plough Animal Health) esimese kolme päeva jooksul. B-rühma
loomi (n=15) raviti 1 mg/kg intramuskulaarselt manustatava tseftiofuuriga
(Exenell RTU®, Pharmacia Animal Health) viie päeva jooksul, millele
järgnes kaks 25 mg PGF2α (Dinoprost; Dinolytic®, Pﬁzer Animal Health)
manustamist kaheksatunnise intervalliga kaheksandal poegimisjärgsel
päeval. C-rühm (n=10) oli positiivne kontrollrühm, kes ei saanud ravi.
Kliiniliselt terved lehmad moodustasid negatiivse kontrollrühma D (n=11).
Täiendav negatiivne kontrollrühm E (n=17) moodustati selleks, et uurida
normaalset Fb sisaldust tervetel lehmadel pärast poegimist.
Kehatemperatuuri ja terviseprobleeme jälgiti iga päev. Kehatemperatuuri
mõõdeti alates poegimispäevast esimesel kahel poegimisjärgsel nädalal.
Tulemuste statistilises analüüsis kasutati kehatemperatuuri mõõtmise
tulemusi alates ravi alustamise päevast (kolmas päev pärast poegimist).
Tervisprobleemid registreeriti ajavahemikul kaks nädalat enne poegimist
kuni katseperioodi lõpuni seitse nädalat pärast poegimist. Uuringust
jäid välja loomad, kellel esines peale kliinilise metriidi ja kliinilise
endometriidi ka teisi haigusi. Nõret perineaalosas või sabal hinnati iga
päev seitsmel poegimisjärgsel nädalal. Tupeeritist hinnati mädasisalduse
alusel. Kord nädalas seitsme nädala jooksul võeti bakterioloogiliseks
uuringuks endomeetriumibiopsiad loomadelt, kellel oli kliiniline metriit
ja kliiniline endometriit (A-, B- ja C-rühm). Olukorras, kus samalt loomalt
võetud kaks järjestikust proovi osutusid bakterioloogiliselt negatiivseks,
loeti emakas bakterivabaks ja biopsiate võtmine sellelt loomalt lõpetati.
Bakterikasvu intensiivsust plaatidel hinnati kolooniate arvukuse alusel.
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Vereproove APP-de analüüsiks (SAA ja Hp) hakati võtma üheksa päeva
enne poegimist ning kord nädalas kuue poegimisjärgse nädala jooksul.
Vereproove Fb analüüsiks võeti üks kord nädalas kuue nädala jooksul
alates kolmandast päevast pärast poegimist. Vereproove P4 määramiseks
võeti kaks korda nädalas. Fibrinogeeni kontsentratsiooni plasmas mõõdeti
soojussadestamise meetodil. Seerumi amüloid A ja Fb määramiseks
kasutati samu meetodeid nagu eelnevas uuringus.
Sigivuse hindamiseks registreeriti kõikide lehmade puhul ajavahemik
poegimisest kuni esmaseemenduseni (päevad esmaseemenduseni),
esmaseemenduse tiinestusmäär (%), kahe seemenduse (esimese ja teise)
tiinestusmäär (%), ajavahemik poegimisest kuni eduka seemenduseni
ning seemendusindeks.
Üks loom B-rühmast praagiti enne proovivõtmiste lõppu polüartriidi
tõttu karjast välja ja eemaldati uuringust. Rühmade vahel esines mõningast
varieerumist loomade osas, kellel diagnoositi kliiniline metriit (6 looma
15-st (40%), 5 looma 14-st (35,7%) ja 4 looma 10-st (40%) vastavalt A-,
B- ning C-rühmas). Teistel loomadel A-, B- ja C-rühmas ilmnesid kliinilise
endometriidi sümptomid.
Keskmise kehatemperatuuri kõvera alune ala oli suurim rühmas, keda
raviti tseftiofuuri ja PGF2α kombinatsiooniga (B-rühm). See oli oluliselt
suurem kui negatiivses kontrollrühmas D (p=0,04) ja ilmnes trend, et
see on suurem kui tseftiofuuri ning NSAID-i kombinatsiooniga ravitud
rühmas (A-rühm, p=0,056). Positiivses kontrollrühmas (C-rühm) oli
kehatemperatuuri kõvera alune ala sarnane A-rühma omaga.
Uuringu alguses oli vaginaalnõre keskmine hinne kliinilise metriidi
diagnoosiga loomadel kõrgem kui kliinilise endometriidiga loomadel
(p<0,001). Kogu uuringuperioodi vältel ei erinenud nõre hinde langust
lehmadel, kes põdesid kliinilist metriiti ja kliinilist endometriiti.
Katserühmadel ei leitud katseperioodi kestel nõre muutumises erinevusi.
Kokku võeti 201 biopsiat, millest 101 olid bakterioloogiliselt positiivsed.
Suurim positiivseks osutunud proovide arv oli B-rühmas (49 ühtekokku
101 positiivsest proovist). Levinum isolaat positiivsetes proovides oli
Bacteroides spp. (30,7%). Kliinilise metriidi diagnoosiga loomadel esines
intensiivne bakterikasv kõikides rühmades. Seevastu positiivsete proovide
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arvu, bakterikasvu intensiivsuse ja ajasuundumuste erinevust rühmade
vahel ei leitud.
Esimesel poegimisjärgsel nädalal täheldati SAA ja Hp maksimaalset
sisaldust kõikides rühmades (p<0,001). Rühmadevahelised erinevused
SAA ja Fb sisalduses ei olnud olulised, arvestades nende algsisaldust.
B-rühmas oli Hp sisaldus esimesel poegimisjärgsel nädalal suurem kui Aja D-rühmas (vastavalt p=0,047 ja 0,032). B-rühmas jäi sisaldus suuremaks
ka teisel nädalal võrreldes A- ja C-rühmaga (vastavalt p=0,013 ja 0,011).
Rohkem kui pooltel loomadest (29 loomal 50-st) taastusid innatsüklid
(esimene poegimisjärgne luteaalfaas) esimese 50 poegimisjärgse päeva
jooksul. Innatsüklite taastumise alguse ja luteaalfaasi pikkuse osas
rühmade vahel statistilist erinevust ei leitud.
A-rühma loomadel oli poegimisest kuni eduka seemenduseni pikem
ajavahemik kui B- ning D-rühmas (vastavalt p=0,016 ja 0,039).
Esmaseemenduseni jäävate päevade ja esmaseemenduse tiinestusmäära
vahel polnud rühmade vahel erinevusi. Kahe seemenduse (esimese ja
teise) tiinestusmäär oli oluliselt kõrgem D-rühmas kui A- ning C-rühmas
(vastavalt p=0,049 ja 0,035). Kahe seemenduse tiinestusmäära analüüs
polnud B-rühmas loogilise regressiooni abil võimalik, sest tiinestusmäär
oli 100%. B-rühmas oli seemenduste arv tiinuse kohta (seemendusindeks)
minimaalne võrreldes C-rühmaga (p=0,027). Ka B-rühmas oli see
väiksem kui A- ja D-rühmas, erinevus oli lähedane olulisusele (vastavalt
p=0,054 ja p=0,075). Kliinilise metriidiga loomadel ei leitud mõõdetud
sigivusnäitajates erinevust võrreldes kliinilise endometriidiga loomadega.
Kliinilise metriidi ja kliinilise endometriidi ravi peaeesmärk on toetada
lehma heaolu ning lühendada depressiooni ja isutuse perioodi. Haiguse
kliiniliste tunnuste vähenemine (kehatemperatuuri ja tupeeritise
normaliseerimine), millele järgneb süsteemse põletikureaktsiooni
vähenemine ja bakterite eemaldamine emakavalendikust, on haiguste
taandumise füsioloogilised näitajad. Mittesteroidsed põletikuvastased
ravimid, millel on palavikku alandav ja põletikuvastane toime, peaksid
vähendama kliinilisi sümptomeid ning põletiku näitajaid, mis kaasnevad
kliinilise metriidi ja kliinilise endometriidiga. Eriti oluline on see
raskekujulise kliinilise metriidi ja lipopolüsahhariididest põhjustatud
bakteriaalse mürgistuse puhul (E. coli jt). Antud uuringus ei langetanud
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NSAID-de (f luniksiini) kasutamine kehatemperatuuri kiiremini
võrreldes ravimata loomadega. Tupeeritise normaliseerumine ja APP
sisalduse vähenemine ﬂuniksiiniga ravitud rühmas ei olnud kiire, kuid
see polnud ka aeglasem kui ravimata rühmas. Rühmade vahel polnud
erinevusi emakabiopsiate bakterioloogiliselt positiivsete proovide arvus,
bakterikasvu intensiivsuses ega bakterikasvu muutustes ajas, samuti polnud
erinevusi innatsüklite taastumises.
Fluniksiini positiivse toime puudumist tiinestumisele varasel
poegimisjärgsel perioodil saab selgitada asjaoluga, et erinevalt eksogeensest
PGF2α-st, mida manustati pärast endogeense PG sisalduse vähenemist,
puudub fluniksiinil toime munasarjadele ja mõju emakale on nõrk.
Ovulatsiooni ei esine senikaua, kuni PGF2α domineerib, näiteks
poegimisjärgse emakapõletiku puhul. Ovulatsioon võib toimuda siis, kui
PG metaboliitide sisaldus on uuesti jõudnud algtasemele (Kindahl jt 1984).
On teada, et varajane (3-6 poegimisjärgset päeva) ﬂuniksiini kasutamine
raviks ajal, kui PG sisaldus on suur, vähendab PG metaboliitide sisaldust
poegimisjärgse emakapõletikuga lehmadel. Samas ei ole vähenemine
täielik ja mitte nii järsk nagu ﬂuniksiini manustamisel teise poegimisjärgse
nädala lõpus (Königsson jt 2002).
B-rühma loomadel olid tiinestumisnäitajad sama positiivsed nagu tervetel
kontroll-lehmadel, mis tähendab, et antud uuringus paranesid B-rühma
lehmad tõenäoliselt emakapõletikust. Prostaglandiinid tugevdavad
emaka kaitsemehhanisme, parandavad emaka kokkutõmbumisvõimet,
soodustavad emaka taandarengut ning lühendavad bakteriaalse infektsiooni
aega (Lewis 2007, Kasimanickam jt 2005). PGF2α ainsad negatiivsed
toimed käesolevas uuringus olid põletikunäitajad ning loomade kliiniline
seisund (kõrgeim kehatemperatuur ja suurim Hp kontsentratsioon esimese
kahe poegimisjärgse nädala jooksul).
Kliinilise metriidi ja kliinilise endometriidi ravi NSAID-ga lisaks
lihastesiseselt manustatavatele antibiootikumidele ei kiirendanud kliinilist
paranemist, põletikunäitajate vähenemist ega bakterite elimineerimist
emakast. Loomadel, kellele manustati NSAID-e, olid samasugused
sigivuse näitajad nagu ravimata loomadel (ajavahemik poegimisest kuni
esmaseemenduseni, esmaseemenduse tiinestusmäär, kahe seemenduse
tiinestusmäär, ajavahemik poegimisest kuni eduka seemenduseni ning
seemenduste arv tiinuse kohta). Hoolimata ägedamast põletikust selle
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rühma loomadel, keda raviti lihastesiseselt manustatavate antibiootikumide
ja PGF2α kombinatsiooniga (kõrgeim kehatemperatuur ja suurim Hp
kontsentratsioon), olid nende sigivusnäitajad sarnased tervete loomadega.
Seega on poegimisjärgse kliinilise metriidi ja endometriidi võimalik
efektiivne ravimeetod lihastesiselt tseftiofuuri manustamine viie päeva
jooksul, millele järgnevad kaks PGF2α manustamiskorda ravikuuri
kuuendal päeval kaheksatunnise vahega. Samas ei ole selle ravimeetodi
optimaalne ajastus veel selge.

Varajane vs hiline kliinilise endometriidi ravi kasutades süsteemset
ceftiofuri kombinatsioonis PGF2α manustamisega
Baseerudes Taani, Rootsi ja Norra praktiseerivate loomaarstide aruannetele
võib öelda, et Skandinaavia loomaarstid eelistavad kliinilist endometriiti
ravida pärast neljandat poegimisjärgset nädalat nendel juhtudel, kui
kliinilised sümptomid püsivad, ja algab kliinilise endometriidi krooniline
faas.
Hüpoteesi kohaselt parandab lüpsilehmade kliinilise endometriidi
ravi varapoegimisjärgsel perioodil (5.–10. poegimisjärgsel päeval)
oluliselt rohkem kliinilisi nähte ning põletiku- ja sigivusnäitajaid kui
hilispoegimisjärgsel perioodil (30.–35. poegimisjärgsel päeval).
Kolmanda katse eesmärk oli määrata kliinilise endometriidi ravi
optimaalne aeg ning kasutada tseftiofuuri nahaalust manustamist koos
PGF2α kahe manustamiskorraga kaheksatunnise vahega ravikuuri
kuuendal päeval.
Uuriti 67 korduvalt poeginud lõpptiinet lehma, kes pidid poegima järgneva
kolme kuu jooksul. Uuringust jäid välja loomad, kellel peale kliinilise
endometriidi esinesis kliiniline metriit, kliiniline mastiit, artriit, sõravõi muud kliinilised haigused. Määratluse kohaselt ilmneb kliiniline
endometriit, kui esinevad halva lõhnata mädane emakanõre ning atooniline
ja suurenenud emakas üldiste muutusteta terviseseisundis (tõusnud
kehatemperatuur, depressioon, isutus või teised üldhaigestumise nähud
puuduvad). Kliiniline endometriit diagnoositi viiendal poegimisjärgsel
päeval vaginaalse ja rektaalse uurimise ja kehatemperatuuri mõõtmise
abil. Viiendal poegimisjärgsel päeval jaotati lehmad ravirühmadesse,
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kasutades kihtjuhuvalimit. Kihtideks oli lehmade vereplasma erinev Fb
sisaldus (et tagada algse põletikureaktsiooni taseme ühtlane jaotumine
ravirühmade vahel).
A-rühma (n=20) ravi algas viiendal poegimisjärgsel päeval 1 mg/kg naha
alla manustatava tseftiofuuriga (Exenell RTU®, Pharmacia Animal Health,
Poland) viie päeva kestel, millele järgnes kaks 25 mg PGF2α (Dinoprost;
Dinolytic®, Pﬁzer Animal Health Belgia) manustamist kaheksatunnise
intervalliga kümnendal poegimisjärgsel päeval. B-rühma (n=35) loomad
jäeti esialgu ravimata ja vaadati uuesti läbi 28. poegimisjärgsel päeval
(kasutati samu diagnostilisi kriteeriume nagu viiendal poegimisjärgsel
päeval). Nendest loomadest moodustati kaks rühma (B1- ja B2-rühm).
Lehmadel, kellel 28. päeval püsisid kliinilise endometriidi tunnused (B2rühm), kasutati sama raviskeemi nagu A-rühma puhul, kuid alates 30.
poegimisjärgsest päevast – manustati 1 mg/kg tseftiofuuri (Exenell RTU®,
Pharmacia Animal Health, Poland) viie päeva jooksul, millele järgnes kaks
25 mg PGF2α (Dinoprost; Dinolytic®, Pﬁzer Animal Health, Belgium)
manustamiskorda kaheksatunniste intervallidega 35. poegimisjärgsel
päeval. Kliiniliselt paranenud loomad (B1-rühm) ravi ei saanud. Negatiivne
kontrollrühm C (n=12) koosnes tervetest lehmadest.
Lehmade tervist jälgiti päeviti. Iga päev hinnati vaginaalnõre olemasolu ja
iseloomu perineaalosas, sabal või tupes (manuaalselt) seitsme poegimisjärgse
nädala kestel. Nõre välimust hinnati mädasisalduse järgi. Emaka biopsiad
histoloogiliseks uuringuks koguti 43.–45. poegimisjärgsel päeval kõikidelt
lehmadelt üks kord. Vereproovid APP-de analüüsiks (SAA ja Hp) võeti
üheksa päeva enne loodetavat poegimist ja kord nädalas seitsme nädala
jooksul pärast poegimist. Täisverd Fb analüüside jaoks võeti kord nädalas
kogu katseperioodi vältel alates viiendast poegimisjärgsest päevast.
Progesterooni määramiseks võeti plasmaproove kaks korda nädalas alates
kümnendast poegimisjärgsest päevast kuni 75. poegimisjärgse päevani.
Sigivuse hindamiseks registreeriti kõikide lehmade puhul ajavahemik
poegimisest kuni esmaseemenduseni (päevad esmaseemenduseni),
esmaseemenduse tiinestusmäär (%), kahe seemenduse (esimese ja teise)
tiinestusmäär (%), ajavahemik poegimisest kuni eduka seemenduseni
ning seemendusindeks.
Kaks looma A-rühmast ning neli B-rühmast praagiti karjast enne
proovivõtuperioodi lõppu terviseprobleemide tõttu, mis ei olnud seotud
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emakaga, välja. Kolmteist lehma olid kliiniliselt terved 28. poegimisjärgsel
päeval ning määrati B1-rühma, ülejäänud 18 B-rühma lehma määrati
B2-rühma. Ravirühmade vahel ei ilmnenud erinevusi nõre iseloomus,
innatsüklite taastumises või esimese luteaalfaasi pikkuses ning APPde kontsentratsiooni muutustes ajas. Loomade osakaal, kellel ilmnes
histoloogilise uuringu põhjal subkliiniline endometriit, oli 54%, 46%, 42%
ning 50% rühmades A, B1, B2 ning C. Rühmade vahel ei olnud olulist
erinevust. Seega ei avaldanud varane ega hiline PGF2α manustamine mõju
kliinilistele ja biokeemilistele parameetritele ning subkliinilise endometriidi
olemasolule poegimisjärgse endometriidiga loomadel.
Kahe seemenduse tiinestusmäär (%) oli A-, B1-, B2- ning C-rühmas
vastavalt 93%, 85%, 71% ja 75%. Päevade arv A-, B1-, B2- ja C-rühmas
esimese seemenduseni oli vastavalt 100,7 ± 9,6, 118,9 ± 12,4, 125,2 ± 14,1
ning 113,0 ± 13,4. Seemendusindeks oli samuti parem varasemalt ravi
saanud rühmas: 1,4 ± 0.2, 1,7 ± 0,2, 2,2 ± 0,4 ja 1,8 ± 0,6 vastavalt A-, B1-,
B2- ning C-rühmas. Vaatamata A-rühma parematele tiinestumisnäitajatele
(varem ravitud lehmad) võrreldes B2-rühmaga (hilises poegimisjärgses
etapis ravitud loomad), ei olnud see erinevus oluline. Samas võis olulise
erinevuse puudumine tuleneda loomade suhteliselt vähesest hulgast
rühmades. Optimaalse valimi suuruse analüüs näitas, et vähemalt sama
suurte erinevuste olulisuse hindamiseks oleks vajalik igasse rühma kaasata
minimaalselt 55 looma.
Ravi positiivset mõju varajases poegimisjärgses etapis saab seletada
poegimisjärgse perioodi füsioloogiliste muutustega PGF2α manustamisel.
Eksogeense PGF2α manustamine pärast endogeense PGF2α kõrgpunkti
(neljas poegimisjärgne päev abnormse puerpeeriumiga lehmadel) võib
pikendada PGF2α suurenenud sisalduse perioodi ja parandada põletikulise
emakaga loomade tiinestust.
Arvestades tiinestumisnäitajatega, võib seega soovitada kliinilise
endometriidi ravi varapoegimisjärgsel (5.–10. poegimisjärgsel päeval)
perioodil, kui emakapõletik on akuutses faasis ja emaka kaitsemehhanismid
võitlevad aktiivselt emaka patogeenide ning põletikuga. Tseftiofuuri
nahaalune manustamine kahe PGF2α süstiga kaheksatunnise ajavahemiku
järel on parem kui sama ravi hilispoegimisjärgsel perioodil. Samas oleks
vajalik siiski ulatuslikum sellekohane uuring.
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Akuutse faasi proteiinide seos taastiinestumisega
Peale eelneva uuringu korraldati ka lisauuring, mille käigus teostati APPde kontsentratsiooni hindamine kliinilise metriidi ja kliinilise endometriidi
puhul ning APP-de sisalduse muutuste seos taastiinestumisega
emakapõletikega lüpsilehmadel.
Akuutse faasi proteiinid on vereproteiinide rühm, mis soodustavad
patogeenikasvu vähenemist selliste APR-de puhul nagu trauma,
stress, põletik, poegimine, neoplastiline kasv, kirurgiline sekkumine
või immuunhäired. Akuutse faasi proteiinid võivad olla kasulikud
poegimisjärgses günekoloogilises seires, mis hõlmab kliinilist metriiti
ja kliinilist endometriiti, mille tagajärjeks võib omakorda olla vähene
tiinestumine.
Uuringu eesmärk oli hinnata seerumi Hp, SAA ja Fb võimalikku osa
põletiku vahendajatena seoses nende lüpsilehmade edasise tiinestumisega,
kes põevad kliinilist metriiti või kliinilist endometriiti ja keda ravitakse
erinevate meetoditega ning võrrelda neid ravimata haigete ja tervete
kontroll-lehmadega. Uuringu esimese hüpoteesi kohaselt võib ühe või
mitme APP sisaldus, mida mõõdetakse esimese seitsme poegimisjärgse
nädala jooksul, olla seotud poegimisjärgset emakapõletikku põdevate
ja tervete loomade sigivusega. Teise hüpoteesi kohaselt võib erinev
ravimetoodika mõjutada akuutse faasi vastust, mis kajastub APP-de
kontsentratsioonis, mis omakorda võib mõjutada akuutse faasi proteiinide
seost tiinestumisega.
Uuringus kasutati kahes eelnevas uuringus osalenud loomi: 68 looma
esimesest farmist ja 66 lõpptiinet eesti holsteini tõugu lehma teisest
farmist. Esimese farmi loomad jagati nelja rühma. A-, B- ja C-rühma
kuulusid kliinilist metriiti ning kliinilist endometriiti põdevad loomad.
Nende ravi algas kolmandal poegimisjärgsel päeval. A-rühma (n=15)
raviks kasutati intramuskulaarselt manustatavat tseftiofuuri viie päeva
kestel kombinatsioonis fluniksiiniga kolme esimese päeva jooksul.
B-rühma (n=15) raviti intramuskulaarselt manustatava tseftiofuuriga viiel
päeval, millele järgnes kaks päeva PGF2α manustamist kaheksatunniste
intervallidega. C-rühm (n=10) oli positiivne kontrollrühm, keda ei ravitud.
Negatiivsed kontrollrühmad D (n=11) ja E (n=17) koosnesid tervetest
lehmadest. Täpsem raviskeemide kirjeldus on antud eelmiste uuringute
kirjelduse juures.
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Teise farmi loomad (kliinilise endometriidiga lehmad) jagati nelja
rühma. A rühma (n=18) raviti alates viiendast poegimisjärgsest päevast
subkutaanselt manustatava tseftiofuuriga viiel järjestikusel päeval, millele
järgnes kaks päeva PGF2α manustamist kaheksatunniste intervallidega.
B-rühma (n=27) loomi uuriti uuesti 28. poegimisjärgsel päeval ja juhul,
kui kliiniline uuring näitas kliinilist endometriiti, kasutati sama raviskeemi
nagu A-rühma puhul, kuid ravi alustati 30. poegimisjärgsel päeval.
C-rühm (n=9) oli positiivne kontrollrühm, kes ei saanud ravi. Negatiivne
kontrollrühm D (n=12) koosnes tervetest lehmadest.
Seerumi amüloid A vereproovid ja Hp proovid võeti kord nädalas kuue
nädala jooksul ning Fb proovid võeti seitsme poegimisjärgse nädala
jooksul. Tiinestumise hindamiseks registreeriti iga lehma esmaseemenduse
aeg kuni 90. poegimisjärgse päevani, esmaseemenduse tiinestusmäär (%) ja
eduka seemenduse kuupäev kuni 150 päeva pärast poegimist (uuslüpsijärk
150).
Mõned loomad praagiti enne proovivõtuperioodi lõppu terviseprobleemide
tõttu (need terviseprobleemid ei olnud seotud emakaga) välja. Lehmadel,
kellel esines suurem Fb kontsentratsioon veres esimesel poegimisjärgsel
nädalal (mediaanist suurem sisaldus) (≥330,915 mg/l) oli väiksem
tõenäosus esmaseemenduseks esimesel 90 poegimisjärgsel päeval (p=0,034,
OR=0,23). Väiksema Fb sisaldusega lehmadel seitsmendal poegimisjärgsel
nädalal (mediaanist väiksem sisaldus; ≤5,8 g/l) oli suurem tõenäosus
tiinestumiseks pärast esmaseemendust kui suurema kontsentratsiooniga
lehmadel (p=0,034, OR=0,39). Lehmadel, kelle seerum amüliod A
(mediaanist suurem sisaldus; ≥23,61 mg/l) ja Hp (≥128,4 mg/l) oli
suurema kontsentratsiooniga kuuendal poegimisjärgsel nädalal, oli väiksem
tõenäosus tiinestuda seemendusjärgselt 150 päevaks pärast poegimist
(p=0,016, OR=0,24, SAA ja uuslüpsijärgu 150 seos ning p=0,030,
OR=0,26, Hp ja uuslüpsijärgu 150 seos). Akuutse faasi proteiinide seost
tiinestumisnäitajatega ei mõjutanud katserühmad ega kliinilise metriidi
ja kliinilise endometriidi esinemine või nende puudumine.
Tavaliselt põhjustavad põletikulised protsessid APP suuremat
kontsentratsiooni. Antud uuringus osalesid ainult emakapõletikuga loomad
ja kliiniliselt terved lehmad, mistõttu on tõenäoline, et akuutse faasi
proteiinide suurenenud kontsentratsioon oli seotud kliinilise metriidi
või kliinilise endometriidiga. Emakapõletik mõjutab edasist tiinestumist.
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Seega võib akuutse faasi proteiinide suurenenud kontsentratsioon olla
seotud lüpsilehmade edasise tiinestumisega. Käesoleva uuringu puhul
ilmnes akuutse faasi proteiinide ja tiinestumisnäitajate vaheline seos nii
emakapõletikuga loomadel kui ka kliiniliselt tervetel lehmadel. Võib väita,
et need tiinestumisnäitajad, mis sõltuvad mitte ainult munasarjade talitluse
jätkumisest, vaid ootsüütide eluvõimest ja emaka seisundist, olid seotud
APP-de suurenenud kontsentratsiooniga katseperioodi lõpus (kuuendal
ja seitsmendal poegimisjärgsel nädalal).
Antud uurimus näitas, et APP-de suurem sisaldus ägedama põletikuga
loomadel esimese seitsme poegimisjärgse nädala jooksul oli seotud ka
väiksema tiinestumisega.

Järeldused
Doktoritöö tulemused näitavad, et lihastesisene või nahaalune tseftiofuuri
manustamine, millele järgneb kahekordne PGF2α manustamine
kaheksatunnise vahega varajases poegimisjärgses etapis võib osutuda
efektiivseks ravimeetodiks poegimisjärgse kliinilise metriidi ja kliinilise
endometriidi ravis. Samuti saab järeldada, et akuutse faasi proteiine võib
kasutada mitte ainult emakapõletike diagnoosimiseks ja ravi efektiivsuse
hindamiseks, vaid ka tiinestumise edasise edukuse prognoosimiseks.
Käesoleva töö järelduste kinnitamiseks on vajalik viia läbi suurema
loomade arvuga uuringuid.
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Summary. The aim of the study was to test the effect of two treatments on clinical cure and inflammatory response
in the case of acute puerperal metritis (APM) associated with retained foetal membranes. Late gestation healthy cows
(n=21) were divided into three groups (A, B and C), seven animals in each group. In order to obtain RFM followed by
APM, induced parturitions were used. Treatments were started on the third day post-partum (PP). Group A was treated
with an oxytocin analogue carbetocin and intrauterine administration of cephapirin. Group B treatment was intramuscularly treated with ceftiofur followed by two injections of PGF2Į at an interval of 8 h on the eighth day PP. Group C
served as controls. In order to analyze acute phase proteins (APP) as markers of inflammatory response, blood samples
were collected twice a week. General health status, body temperature, and vaginal discharge characteristics were recorded daily. Uterine involution was followed by ultrasonographic examination once a week. Uterine biopsies for bacteriological analyses were taken once a week for seven weeks PP. Milk samples for the analysis of progesterone were
taken twice weekly.
Body temperature decreased more rapidly in group A than in group C (P = 0.014). Uterine involution in the treated
groups A and B occurred earlier than in group C (P = 0.012 and P = 0.002, respectively). No significant differences
were found between the groups with regard to vaginal discharge, the time changing patterns of APP, the start of ovarian
activity, and the length of the first luteal phase PP. Decrease of bacterial growth in uterine biopsies was lower in group
B than in group C (P = 0.009). Levels of APP were high in all the groups and declined to the baseline after the third
week PP.
Treatments had no clear effect on the improvement of clinical signs and inflammatory parameters.
Keywords: dairy cow, puerperal metritis, RFM, treatment.

SKIRTINGO GYDYMO EFEKTYVUMAS MELŽIAMǏ KARVIǏ POGIMDYVINIO
METRITO KLINIKINIAMS POŽYMIAMS IR UŽDEGIMO RODIKLIAMS
Julia Jeremejeva1, *, Toomas Orro2, Andres Waldmann3, Raivo Lindjärv4, Kalle Kask1
1
Terapijos skyrius
2
Gyvǌnǐ sveikatingumo ir ekologijos skyrius
3
Akušerijos skyrius
4
Užkreþiamǐjǐ ligǐ skyrius, Veterinarinơs medicinos ir gyvǌnǐ mokslǐ institutas
Estijos gyvybơs mokslǐ universitetas, Kreutzwaldi 62, Tartu 51014, Estija
tel. +372 5333 2242; el. paštas: tjulia@emu.ee
Santrauka. Atliktas bandymas lyginant dvejopą gydymą Palygintas jo efektyvumas melžiamǐ karviǐ pogimdyvinio
metrito klinikiniams požymiams ir uždegimo rodikliams. Kliniškai sveikos karvơs prieš veršiavimąsi buvo suskirstytos Ƴ
tris grupes (A, B ir C) (n=21), po septynias kiekvienoje grupơje. Norint nustatyti pogimdyvinio metrito tikimybĊ, buvo
skatinamas veršiavimasis. Gydyta 3 dienos po veršiavimosi. A grupơs karvơs buvo gydomos oksitocino analogo karbetocino injekcijomis ir cefarinu Ƴ gimdą. B grupơs karvơs buvo gydomos intraraumeninơmis ceftiofuro injekcijomis ir
dviem PGF2Į injekcijomis su 8 val. intervalu aštuonias dienas po veršiavimosi. C grupơs karvơs gydomos nebuvo (kontrolơ). Norint nustatyti uždegimo mastą, du kartus per savaitĊ imti kraujo mơginiai ir tirtas aštrios fazơs baltymǐ lygis.
Be to, bandymo metu kasdien buvo stebima bendra gyvuliǐ sveikatos bǌklơ, matuojama kǌno temperatǌra, tiriamos
vaginalinơs išskyros. Gimda buvo tiriama ultragarsu kartą per savaitĊ. Taip pat kartą per savaitĊ 7 savaites po veršiavimosi bakteriologiškai buvo tiriami gimdos biopsijos mơginiai. Progesterono kiekiui ištirti du kartus per savaitĊ buvo
imami pieno mơginiai.
Nustatyta, kad kǌno temperatǌra greiþiau atsistatơ A ir B grupiǐ karviǐ palyginti su kontrole (C grupơ) (p = 0,014).
Be to, A ir B grupiǐ karviǐ gimda atsigavo greiþiau negu C grupơs karviǐ (atitinkamai p = 0,012 ir p = 0,002,). Ženkliǐ
skirtumǐ tarp bandomǐjǐ ir kontrolinơs grupơs karviǐ tiriant vaginalines išskyras aštrios fazơs baltymǐ kiekƳ, kiaušidžiǐ
aktyvumą ir geltonojo kǌno susidarymą nenustatyta. B grupơs karviǐ gimdos biopsijos mơginiuose bakterijos augo žymiai lơþiau negu C grupơs. (p = 0,009). Ištirta, kad aštrios fazơs baltymǐ kiekis buvo didelis visose grupơse ir iki fizio49
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loginơs normos sumažơjo treþią savaitĊ po veršiavimosi.
Tyrimai parodơ, kad skirtingas gydymas neturơjo ženklaus efekto melžiamǐ karviǐ pogimdyvinio metrito klinikiniams požymiams ir uždegimo rodikliam.
Raktažodžiai: pogimdyvinis metritas, gydymas, melžiamos karvơs.

Introduction. Uterine infections in the dairy cow are
common complications during the post-partum period
(PP). Acute puerperal metritis (APM), which is also
called acute post-partum or toxic puerperal metritis, is a
serious problem during this period, which is often associated with retained foetal membranes (RFM) (Drillich et
al., 2001). The disease causes low fertility, an increase in
days open, involuntary culling from the herd, a decrease
in milk production, and the expenses of treatment and
costs of uncollected milk, which all cause high economic
losses (Bar and Ezra, 2005). A number of studies conducted in Estonia have shown that post-partum metritis is
common, and in some herds up to 40% of cows may suffer from APM (Kask et al., 2003). The high prevalence of
metritis could be a reason why, in Estonian herds, the
period of days open and the calving interval are longer
than economically accepted (142 and 421 days, respectively) (Results of animal recording in Estonia 2009).
Common methods of treating uterine inflammation in
Estonia include a combination of intrauterine antibiotics
with injections of oxytocin or its agonistic analogue, parenteral antibiotic injections with or without the administration of PGF2Į or non-steroidal anti-inflammatory
drugs (NSAID) and repeated flushings of the uterus.
However, based on the reports obtained from veterinarians working in field conditions, the treatment results are
often of doubtful efficacy, and subsequent chronic inflammation may be found.
Because post-partum infections cannot be eliminated
from dairy herds, there is a need to treat the disease to
minimize the economic losses. However, the efficiency of
different treatment methods is questionable, and some
studies suggest that treatment of early post-partum metritis may not be efficient (Drillich et al., 2007; Dolezel et
al., 2008). A number of researchers have compared the
different treatment schemes of APM in recent years
(Smith et al., 1998a; Chenault et al., 2004; Goshen and
Shpigel, 2006; Drillich et al., 2007).
The objective of this study was to test the physiological response of two APM treatment methods used in practice:
1. intramuscular administration of antibiotics, in
combination with a PGF2Į analogue during the earlier
stage of inflammation,
2. oxytocin administration during the earlier stage of
inflammation in combination with intrauterine antibiotic
during the later stage of inflammation.
Materials and methods
Farm and animals. The study was conducted from
November 2006 to February 2007 on a tie-stall commercial dairy farm with 450 cows. The cows were fed an
identical total mixed ration (TMR). The TMR consisted
of grass silage and a concentrate mix. The cows were
milked twice a day; the milking system used was a ma-

chine pipeline system.
The study was conducted on multiparous (parity number between 2 and 5) late gestation Estonian Holstein
Friesian cows with mean milk production during the previous lactation of 10.250 kg energy-corrected milk. All
late gestation cows on the farm expected to calve during a
two-week period (n = 21) were chosen and randomly divided into three groups, seven in each group. In order to
obtain RFM followed by APM, parturitions were induced
in all cows two weeks before term by means of two
PGF2Į injections (Dinolytic®, Pfizer Animal Health) as
described by Kask et al. (2000). A single injection dose
was 25 mg, and the interval between injections was 24 h.
Foetal membranes were defined as retained if they were
not expelled within the first 24 hours after delivery
(Noakes et al., 2001).
Diagnosis and treatment. No treatment of RFM was
given after calving. Diagnosis of APM was made on the
third day PP clinical examination according to Sheldon et
al. (Sheldon et al., 2006; Sheldon et al., 2008). Considering the results from previous studies where in some cases
no pyrexia was found in case of APM with severe bacterial infection (Sheldon et al., 2004; Benzaquen et al.,
2007), in our study increased body temperature (
39.5°C), if detected, was used as an additional sign.
Treatment began immediately after diagnosing metritis
(day three PP). The first group (A) was treated using the
conventional treatment method for the investigated herd:
0.35 mg carbetocin (Hypophysin ® LA, Veyx-Pharma
GmbH) intramuscular (im) for three consecutive days,
starting on the third day PP and intrauterine (iu) administration of 500 mg cephapirin (Metricure®, Intervet international) between days 15 and 17 PP. Animals from the
second group (B) were treated by im injection of one
mg/kg ceftiofur (Excenell RTU®, Pharmacia Animal
Health) for five days followed by two injections of 25 mg
dinoprost (PGF2Į analogue) (Dinolytic®, Pfizer Animal
Health) at an interval of 8 h on day eight PP. Ceftiofur
was chosen for parenteral administration due to lack of
milk withdrawal time and the positive effects described in
previous clinical studies (Drillich et al., 2002; Risco and
Hernandez, 2003; Chenault et al., 2004). The third group
(C) served as the control group without any treatment.
Clinical and ultrasonographic examination. The
cows were observed daily for morning body temperature
(BT), appetite and health problems. Body temperature
measurements began on the day of parturition, but statistical analysis was performed on the results obtained from
day three PP. Temperature measurements were performed
during the first two weeks PP. Appetite and health problems were recorded, starting from two weeks before parturition until the end of the experimental period, at seven
weeks PP. Evaluation of the existence and character of
vaginal discharge on the vulva, perineum, or tail was per50
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1999), milk sampling was performed within 60 min after
morning milking. The samples were collected into plastic
tubes containing potassium dichromate as preservative,
stored at 4ºC for one week, and frozen at –18ºC until
analysis.
Methods of APP analysis. Plasma Hp was determined using the haemoglobin binding assay described by
Makimura and Suzuki (1982) with the modification that
tetramethylbenzidine (0.06 mg/ml) was used as a chromogen (Alsemgeest et al., 1994). Pooled and lyophilized
aliquots of bovine acute phase serum were used to create
standard curves. To calibrate the assay, a bovine plasma
sample with a known Hp concentration provided by the
European Commission Concerted Action Project (number
QLK5-CT-1999-0153) was used. The range of the standard curve was 0.04 to 1.16 g/l. If the Hp concentration of
a sample was higher, the sample was diluted with isotonic
saline and reassayed. The intra- and inter-assay coefficients of variations were <12% and <11%, respectively.
Serum amyloid A concentrations in plasma were measured with a commercially available ELISA kit (Phase
SAA kit, Tridelta Development Ltd.) according to the
manufacturer’s instructions. The detection limit of the
assay for bovine samples is 0.3 mg/l. The intra- and interassay coefficients of variations were <7% and <14%, respectively.
Methods of milk P4 analysis. Milk P4 was determined
by enzyme immunoassay (Waldmann, 1993), which was
modified by using the second antibody coating technique.
The specificity of the monoclonal antibody 9C11 has been
described previously (Waldmann, 1999). The inter-assay
and intra-assay coefficient of variation was below 10%.
The limit of sensitivity, using a 20-ȝl sample, was < 0.5
ng/ml. Milk P4 concentration was used to determine days
to the first luteal phase PP, defined as the first two consecutive measurements of P4 concentrations > 3 ng/ml.
Day when P4 concentrations exceeded the level 3 ng/ml
was estimated using the graph of P4 concentration. Luteal
phase was defined as the time during a cycle with P4 concentrations > 3 ng/ml. Based on the definitions by Opsomer et al. (1998) the duration of the luteal phase was
considered to be prolonged if P4 levels remained elevated
for > 20 days, without a preceding insemination. A luteal
phase  11 days was defined as a short luteal phase (Eger
et al., 1988).
Statistical analysis. Linear random-intercept models
were used to explore differences in APP concentrations
and BT between the treatment groups. Differences in bacterial growth from endometrium biopsies and vaginal discharge scores were tested using generalized linear mixed
models in which a Poisson distribution was used for response variables. The cow was included as a random factor. Polynomials for time in ascending order and their
interactions with the treatment groups served as fixed
factors and were added until significant, for modelling
changes in time. Overall time-trend differences between
the groups were tested by means of an F-test. As there
were different intervals between sampling, isotropic spatial exponential correlation structures were used to model
serial correlations of repeated measurements within cows.

formed daily for each animal for seven weeks PP. The
appearance of the vaginal discharge was scored according
to the scale proposed by Bekana et al. (1994) as follows: 5
= watery mucohaemorrhagic malodorous secretion; 4 =
viscous haemopurulent discharge; 3 = viscous purulent
material; 2 = mucus with the presence of pus; 1 = clear
mucus; 0 = no discharge. Uterine involution was determined using ultrasound (US) beginning at the third week
PP. US examination was performed every week until the
end of the experiment. The US equipment was a real time
B-mode linear array scanner (Hondex HS-120, Honda
Electronics Co., Ltd., Aichi, Japan) with 5 and 7.5 MHZ
transducers, supplied with an image freezer facility and
electronic callipers for taking measurements. The diameters of both uterine horns and the thickness of the uterine
wall were measured. Uterine involution was considered as
complete if the difference in diameter between the previous pregnant and non-pregnant horn was  1 cm, the diameters of both horns were  4.5 cm and did not increase
later, and the thickness of the uterine wall was  0.6 cm.
Bacteriological sampling and examination of
uterus. Biopsies from uterine endometrium were collected from all experimental animals once a week over a
period of seven weeks. The first biopsy was taken between days three and seven PP. A total 137 samples were
collected according to the method of Bekana et al. (1994)
and Kask et al. (1998). The biopsies were immediately
placed in 10ml of a freshly prepared thioglycollate medium (LAB M Bury, England) for transportation to the
laboratory. A 0.01 ml of samples (thioglycollate medium)
of 0.01 ml was spread on Columbia blood agar plates containing 5% bovine blood. The aerobically and anaerobically cultivated plates were examined after 24 and 72h
respectively. Identifications were made according to Bergey`s Manual of Systematic Bacteriology (Holt et al.,
1994). To determine the species of the isolates, we used
the BBL CrystalTM (Becton, Dickinson and Company,
Maryland, USA) miniaturized biochemical test systems
(Gram positive, Enteric/nonfermenters and Anaerobe ID
kits (BD BBL CrystalTM Identification Systems)). The
measures of bacterial growth on plates were classified as
follows: 0 = no isolated bacteria, 1 = mild growth (1 to 20
isolated colonies per 10 ȝl of cultivated material), 2 =
moderate growth (21 to 40 isolated colonies per 10 ȝl of
cultivated material), 3 = heavy growth (41 isolated colonies per 10 ȝl of cultivated material).
Blood and milk samples. Blood samples for APP (serum amyloid-A (SAA) and haptoglobin (Hp)) analyses
were taken from coccygeal vessels using heparinized
venoject glass tubes (Terumo Europe N. V. Leuven, Belgium). From all cows one blood sample was collected 4.8
± 0.5 days before the induction of parturition. After parturition collection was performed twice a week for seven
weeks. After immediate centrifugation about 5 ml of
plasma was removed and stored at –18° C until the analyses were performed.
In order to determine progesterone (P4), milk samples
were collected twice a week starting from approximately
one week after calving. To avoid the effect of time of
milk extraction on P4 concentration (Waldmann et al.,
51
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cluded from the study during the third experimental week
because of polyarthritis.
Clinical and ultrasonographic examination. On the
third day PP all 21 animals were anorectic, had enlarged
and atonic uteruses with poorly smelling vaginal discharge. However one animal from group A and three
cows from group B did not show pyrexia. Fig. 1 shows
changes in the group mean body temperatures after calving. Temperature increased in groups B and C for three
days and in group A for four days after parturition. Considering that the day of parturition was day 0, peak BT
was seen on the second day in groups B and C and on the
third day in group A. The maximal BT of groups A and C
was  39.5°C, BT of group B did not exceed 39.1°C. The
analysis of the time-trend differences between the treatments showed that BT decreased more rapidly in group A
than in group C (P = 0.014). The BT difference in animals
in groups A and B and in groups B and C was not significant.

Logarithmic transformation of APP was used. The nlmepackage with statistical software R 2.7.0 (http://www.Rproject.org) was used to fit linear random-intercept models, and generalized linear mixed models were fitted using
the GLIMMIX procedure with the SAS/STAT 9.1 (SAS
Institute Inc., Cary, NC, USA) software.
The Cox proportional hazards model was used to explore group differences in the duration of uterine involution, at the time of the first P4 rise over 3 ng/ml and in the
duration of the first regular cycle. The statistical software
Stata 9.2 (Stata Corp, Texas, USA) was used for these
models. Data are presented as means ± SEM.
Results
Calving data and exclusions. After induction of parturition all the animals calved between 268 to 276 days of
gestation, four cows needed some assistance during the
calving process. Altogether 19 living calves were born
and two cases of foetal death were detected. All cows had
retention of placenta, and severe APM as a complication.
One cow from group A was culled from the herd and ex-
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Figure 1. Mean (±SEM) daily body temperature of cows treated with a combination of intrauterine antibiotic
and oxytocin analogue (group A) and with a combination of parenteral administration of antibiotic and PGF2Į
(group B) in comparison with the non-treated control group (group C)
All animals had a watery, fetid sanguinopurulent
vaginal discharge during the first week PP week. After the
third week PP vaginal discharge of those cows that had
been treated by using a combination of parenteral antibiotic and PGF2Į was clearer and consisted of less pus than
the discharge of non-treated animals and those animals
that had been treated with oxytocin in combination with
intrauterine antibiotic. However, this difference was not

significant (Fig. 2).
According to US, involution of the uterus was more
rapid in groups A and B, and it was the slowest in group
C. Constant values of uterine parameters were reached on
day 27.5 ± 1.6, 26.0 ± 1.1 and 36.7 ± 2.4 in groups A, B,
and C, respectively There were significant differences
between groups B and C and between groups A and C (P
= 0.002 and P = 0.012, respectively).
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Enterobacter spp., Bacteroides spp. and Bacillus spp.,
Arcanobacterium pyogenes, Fusobacterium necrophorum, and Escherichia coli. The most frequent isolates
were Bacteroides spp. and F. necrophorum. These organisms were isolated in 43.9% and 20.7%, respectively, of
the total positive samples. A. pyogenes and Enterobacter
spp. were present in the same number of biopsies – 13.4%
each.

Bacteriology. The results of bacteriological growth
are presented in Fig. 2. A total 136 biopsies were collected, of which 82 were bacteria-positive and the remaining 54 biopsies were found to be bacteriologically negative. No totally negative animals were found. Four samples were missing due to problems during collection. A
total of 28% positive samples showed mixed infections:
six samples from group A, six from group B, and 11 samples from group C. The mixed cultures contained mainly
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Figure 2. Mean (±SEM) score of vaginal discharge (above) and bacterial growth (below) in cows treated with a
combination of intrauterine antibiotic and oxytocine analogue (group A) and with a combination of parenteral
administration of antibiotic and PGF2Į (group B) in comparison with the non-treated control group (group C).
Vaginal discharge was scored as follows: 5 = watery mucohaemorrhagic malodorous secretion; 4 = viscous haemopurulent discharge; 3 = viscous purulent material; 2 = mucus with the presence of pus; 1 = clear mucus; 0 =
no discharge. The number of bacterial colonies was scored as follows: 0 = no isolated bacteria, 1 = mild growth
(1–20 isolated colonies), 2 = moderate growth (21–40 isolated colonies), 3 = heavy growth (41 isolated colonies)
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weeks PP, but then, unlike the treated group B, it started
to decrease. The slower decrease in bacterial growth over
time was seen in cows from group B, compared with
group C (P = 0.009).
Acute phase proteins. The highest concentration of
SAA (275.98 ± 50.71 mg/l) was found in group C in the
first week PP. At the same time the concentration of SAA
in groups A and B was slightly lower (238.44 ± 42.56 and
226.6 ± 45.3 mg/l, respectively), but this difference was
not significant. After this peak SAA in plasma started to
decrease gradually in all the groups. It did not reach the
basal level by the end of the experiment but was stabilized
by the third week PP. A slight increase in SAA concentration was seen in the fifth week PP in the untreated group
(Fig. 3).

Animals from group A showed the shortest duration of
uterine infection; all the biopsies collected from those
animals were bacteriologically negative in the fourth PP
week, but bacterial growth returned and again increased
in the fifth week PP. Animals from group B constantly
revealed a high incidence of bacterial growth during the
six weeks PP, and a decrease to the minimum was seen
only in the seventh week PP. Bacteroides spp. constituted
the major bacteria found in group B, representing 70% of
all the micro-organisms isolated in this group. The treatment had no effect on the elimination of these bacteria.
An increase in Bacteroides spp. was observed from the
first to the third week PP and then stabilized. A similar
situation was detected in group C, where the number of
isolated bacterial colonies increased during the first three
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Figure 3. Mean (±SEM) concentration of serum amyloid A (SAA) above and Haptoglobin (Hp) below in cows
treated with a combination of intrauterine antibiotic and oxytocin analogue (group A) and with a combination of
parenteral administration of antibiotic and PGF2Į (group B) in comparison with the non-treated control group
(group C).
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Azawi et al., 2008). It is known that concentrations of
endogenous prostaglandins are high during the first seven
days post-partum. These levels are higher in animals with
uterine infections or RFM (Lindell et al., 1982; Risco et
al., 1994) and a decrease to the basal concentration will
start after the first week PP. Considering this fact, the
effect of exogenous administration of prostaglandins during the first seven days PP is uncertain. In the present
study two injections of PGF2Į analogues were used at
eight hour intervals between the administrations on day
eight PP. However, in the present study no effect of systemic administration of PGF2Į in combination with the
antibiotic on the parameters of vaginal discharge was detected. Azawi et al. (2008), on the other hand, found that
vaginal discharge in buffaloes treated by parenteral injections of oxytetracycline and PGF2Į was improved and
changed into clear mucus, showing the same result as the
negative control group. However, Hendricks at al. (2005),
using PGF2Į twice a day on days seven and 14 and once
on days 22 and 35 PP, did not detect any difference in the
prevalence of purulent discharge between the treated and
non-treated groups.
Both PGF2Į and oxytocin, which were used in the
present study, stimulate myometrial contraction (Gajevski
et al., 1999; Kaczmarowski et al., 2004) and help uterine
cleaning from lochial debris and discharge containing
micro-organisms. Intrauterine and parenteral antibiotics
should reduce bacterial growth in the inflamed uterus. In
our study a high level of bacterial growth was detected in
all experimental groups during the first two weeks PP,
findings also found elsewhere (Makimura and Suzuki,
1982; Kaczmarowskin et al., 2004) In the fourth week PP
all the uterine biopsies from group C were found bacteriologically negative. The reasons why bacteria returned
after the fifth week are not clear. The main bacterial isolates found included A. pyogenes, Bacteroides spp., F.
necrophorum, and Enterobacter spp. The most frequently
isolated bacteria were Bacteroides spp., most of which
were isolated from uterine biopsies in group B. Presence
and number of these bacterium colonies did not decrease
after treatment. An increase was seen from the first to the
third week PP and then stabilized. A similar situation was
detected in group C, where the number of isolated bacterial colonies increased during the first three weeks PP, but
then, in contrast to group B, it started to decrease. Samitz
et al. (1996) reported poor activity of ceftiofur against
Bacteroides spp. It is interesting that the growth intensity
of Bacteroides spp. is higher in the treated than in the
non-treated group. The current authors believe that it
could be explained by the elimination of some antagonistic microbes after treatment that can allow the growth of
Bacteroides spp. Berg (1978) showed that the strictly anaerobic Eubacterium sp. and Fusobacterium sp. that colonized gnotobiotic mice caused a reduction in the in vivo
population levels of the strictly anaerobic Bacteroides sp.
However, this question has been insufficiently investigated and requires further research. Incidence of bacterial
growth, which is one of the most important criteria for
presence and severity of uterine infections, was more stable and lower in group C after the fourth week PP. It is

The same trend was found for the concentration of
plasma Hp. The maximum levels were detected during the
first week PP (1.6 ± 0.1, 1.5 ± 0.1 and 1.8 ± 0.1 g/l in
groups A, B, and C, respectively). The difference in Hp
concentration between the non-treated group and group B
at that time was significant. After the peak concentration
of Hp a rapid decrease was observed. The Hp concentration decreased to the stable level within three weeks PP
and reached the pre-partum level by the sixth week PP.
No significant differences in the concentrations of both
APP were found in the time changing patterns between
the groups (Fig. 3).
Progesterone. All the animals had low levels of P4
during three weeks PP, and then an increase of more than
3 ng/ml was observed in all the groups. The first day of
the first luteal phase was recorded on day 40 ± 3.4, and on
days 44 ± 5 and 34 ± 5.3 PP in groups A, B, and C, respectively. One cow from group A did not show any normal luteal activity during the whole experimental period.
According to P4 levels (P4 rise above the 3.0 ng/ml), the
luteal phase of the first cycle was considered to be prolonged in two cows from group A, three cows from group
B, and two cows from group C. One cow from group A
and one cow from group B showed a short luteal phase,
and the remaining 10 animals showed a normal luteal
phase. No statistical difference between the groups was
found with regard to the time to start of ovarian activity
and the length of the luteal phase.
Discussion. One of the criteria for evaluating the efficiency of APM treatment is weakness or disappearance of
symptoms of systemic illness and normalization of the
vaginal discharge. The APM treatment was started on the
third day PP, and it was therefore rational to start the
analysis of the range of BT in time after the third day PP.
The difference of BT between groups on the third day PP
is random and this was taken into consideration. A more
rapid decrease of BT in group A could be explained by
the fact that the maximum BT in this group was observed
on day three PP in comparison with groups B and C
where the maximum BT was measured on day two PP.
Considering the fact that the BT peaked in group A on
day three PP, in the other groups (C and B) a decrease in
BT, which had then been already observed, this may have
been the cause of the changes of BT curve in time. Thus,
the most rapid decrease of BT was observed in group A.
Chenault et al. (2004), however, detected a more rapid
reduction in BT in cows treated with ceftiofur hydrochloride than in the control group, which was not in agreement with the results of Smith et al. (1998a) and Drillich
et al. (2001) who noticed no difference between the
groups.
No significant difference was found between the
groups with regard to the process of normalization of
vaginal discharge. Nor did Chenault et al. (2004) detect
any statistical difference in vaginal discharge when comparing the effect of using different concentrations of
ceftiofur hydrochloride administered parenterally with the
affected non-treated control group. The positive effect of
PGF2Į analogues has been well documented in previous
studies (Sheldon and Noakes, 1998; Smith et al., 1998b;
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possible that the regulation of such mechanisms as cytokines, the function of antibody production of leukocytes,
and endotoxin response is more active in non-treated animals (Földi et al., 2006).
According to the US examination, uterine involution
was more rapid in group B. Previous studies, where prostaglandins were used (Kask et al., 2000; Melendez et al.,
2004), had similar results. Oxytocin is also an uterotonic
product, which helps to decrease the time of uterine involution. A more prolonged time of uterine involution was
observed in the non-treated group C, where no uterotonics
or antibiotic were used.
Sheldon et al. (2002) hypothesized that uterine infections have a direct negative effect on ovarian function.
This finding is in agreement with our study, where the
earliest start of ovarian activity was seen in group C (day
34 PP). Also, a more rapid elimination of bacteria was
seen in group C than in group B, where a delayed start of
P4 rise was observed. We detected no significant difference in the time to start of ovarian activity between the
groups, but this is possibly an effect of the small sample
of animals used in the present study. Previous studies
have shown an increase in APP concentration, indicating
an acute PP uterine inflammation (Smith et al., 1998a;
Sheldon et al., 2001; Melendez et al., 2004; Drillich et al.,
2007). A slight increase in SAA concentration during the
fifth week in the control group in the present study can be
explained by the individual reaction of one cow due to
polyarthritis, which was subsequently diagnosed. Stabilization of APP concentration was seen between the third
and the fourth weeks PP. This result is in agreement with
a study where the concentration of plasma Hp was measured in ewes affected by experimentally induced metritis
(Regassa et al., 2002). In 1993–1995 Smith et al. (1998a)
compared the treatment efficacy of various intrauterine
and intramuscular antibiotics. In their study Hp was also
used for the measure of the success of treatment strategies, and no difference was detected in APP concentration
between the groups. In the present study no effect of
treatment on APP levels was detected using clinical parameters. The efficiency of different treatment methods of
post-partum metritis is questionable, and this has been
found not only in our study (Drillich et al., 2007; Drillich
et al., 2008).
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Abstract
The aim of the study was to compare the effect of two acute puerperal metritis (APM) treatment protocols on uterine
condition during the late puerperal period (5th to 7th week). Late gestation healthy cows (n = 21) were divided
randomly in three equal groups. Parturitions were induced. Treatments of APM were started on the third day
postpartum (PP). Group A was treated with an oxytocin analogue carbetocin for three days and intrauterine
administration of cephapirin between days 15 and 17. Group B was given intramuscular injection of ceftiofur for five
days followed by two injections of prostaglandin F2α, at an interval of 12 h, on the eighth day PP. Group C served as the
control group with no treatment. Body temperature was recorded daily for 14 days PP. Uterine biopsies for
bacteriology, and uterobrush samples for cytology, were taken once a week from the 5th to 7th week postpartum. No
differences were found in body temperature on day 14 PP, presence of bacteriological infections and disappearance of
uterine inflammatory signs diagnosed by cytological examination between experimental groups.
Findings
Acute puerperal metritis (APM) is one of the most serious problems during the puerperal period for the dairy
cow, which can cause high economic losses [1]. The main
losses are related to low fertility, an increase in days open
and involuntary culling from the herd [2]. Treatment of
APM should reduce clinical signs (body temperature,
eliminate signs of toxaemia and anorexia) and generally
improve the well being of the animal. The most important purpose of the APM treatment is the elimination of
uterine pathogens, which provides for quicker uterine
involution and the recovery of normal uterine physiology.
Recent studies have compared different APM treatment
methods [2,3]. The present study is the first report where
intramuscular injections of ceftiofur in combination with
a prostaglandin F2α (PGF2α) have been compared with
administration of oxytocin during the earlier stage of
inflammation in combination with intrauterine adminis* Correspondence: tjulia@emu.ee
1 Department of Therapy, Institute of Veterinary Medicine and Animal Sciences,

Estonian University of Life Sciences, Kreutzwaldi 1, Tartu, 51014, Estonia
Full list of author information is available at the end of the article

tration of cephapirin during the later stage of inflammation. The aim of the study was to compare the effect of
the two APM treatment methods on bacteriological and
cytological findings during the late PP period (5th to 7th
week PP) in comparison with untreated control animals.
The study was conducted on a tie-stall commercial
dairy farm with 450 cows. Twenty one multiparous late
pregnant Estonian Holstein Friesian cows with an average
milk yield of 10,250 kg energy-corrected milk during the
previous lactation were used. In order to obtain retained
foetal membranes (RFM) followed by APM, parturition
was induced in all cows two weeks before term using two
PGF2α injections (Dinolytic®, Pfizer Animal Health)
according to the method described by Kask et al. [4]. Foetal membranes were defined as retained if they were not
expelled within the first 24 hours after delivery [5].
No treatment of RFM was performed before the study
manipulations. Diagnosis of APM was made on the third
day postpartum (PP) using clinical examination. A diagnosis was confirmed if anorexia, enlarged and atonic
uterus, and foul smelling watery red-brown vaginal discharge [6], were found. Considering the results from pre-
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vious studies where in some cases no pyrexia was found
in case of APM with severe bacterial infection [7,8], in
our study increased body temperature (≥ 39.5°C), if
detected, was used as an additional sign. Treatment was
started immediately after diagnosis of APM (third day
PP). The animals were randomly divided into three
groups, seven in each group. Common treatment method
used in the herd was introduced in the first group (A):
0.35 mg carbetocin (Hypophysin ® LA, Veyx-Pharma
GmbH, Schwarzenborn, Germany) intramuscular (i.m.)
for three consecutive days, starting on the third day PP
and single intrauterine administration of 500 mg cephapirin (Metricure®, Intervet International B. V, Boxmeer, the
Netherlands) between days 15 and 17 PP. Animals from
the second group (B) were treated by i.m. injections of 1
mg/kg ceftiofur (Excenell RTU®, Pfizer Manufacturing
Belgium N.V., Puurs, Belgia) for five days followed by two
i.m. injections of 25 mg dinoprost (Dinolytic®, Pfizer
Manufacturing Belgium N.V., Puurs, Belgia) at an interval
of 8 h on the eighth day PP. The third group (C) served as
the control group without any treatment.
Body temperature (BT) was measured during the first
two weeks PP.
Biopsies from uterine endometrium were collected
from all animals once a week over a period from the fifth
to the seventh week PP. To determine the species of the
isolates the BBL Crystal™ (Becton, Dickinson and Company, Maryland, USA) miniaturized biochemical test systems (Gram positive, Enteric/nonfermenters and
Anaerobe ID kits (BD BBL Crystal™ Identification Systems)) were used.
Uterine samples for cytological examination were collected weekly using a uterobrush (Uterobrush®, Medscand Medical AB, Malmö, Sweden), which was fastened
onto a stainless steel device for use in cows. Slides for
cytological examination were prepared by rolling the
uterobrush onto a clean microscope glass slide. Slides
were immediately fixed in a current of warm air using a
blow drier. Slides were stained with May-Grünwald
Giemsa stains. Cytological criteria for endometrial
inflammation were set according to Kasimanickam et al.
[9]. Briefly, >18% and >10% polymorphonuclear (PMN)
cells at 20-33 and 34-48 days post partum (PP), respectively, were used to indicate inflammation. Non-parametric Kruskal-Wallis test followed by Tukey test with ranked
sums for pair wise comparisons were used to explore differences in BT between the treatment groups at the day of
diagnosing of APM (day 3 PP) and at day 14 PP. Group
differences in bacteriological findings (bacteria present or
not) and cytological investigation results (inflammation
present or not) by weeks were tested using Fischer exact
test. The statistical software Stata 9.2 (Stata Corp, Texas,
USA) was used for all statistical analyses except WINKS

Page 2 of 4

SDA 6.0 (TexaSoft, Texas, USA) was used for KruskalWallis test.
After induction of parturition all the animals calved
between 268-276 days of gestation. All cows had retention of placenta and APM as a complication. One cow
from group A was culled from the herd and excluded
from the study during the third experimental week
because of polyarthritis.
One animal from group A and three cows from group B
did not show pyrexia during 14 days of experimental
period. Body temperature on the day of diagnosing of
APM (day 3 PP) in groups A, B and C was 39.5 ± 0.18°C,
38.6 ± 0.15°C and 39.2 ± 0.28°C respectively. Temperature
in group A was significantly higher than in group B (P <
0.05). This difference was random, because dividing of
animals to groups was random and treatment was started
on the day 3 PP. At the end of BT measurement period
(day 14 PP) BT in experimental groups did not differ (P =
0.056) and was 37.9 ± 0.07, 38.3 ± 0.06 and 38.4 ± 0.17 in
A, B and C groups, respectively.
Intrauterine and parenteral antibiotics used in present
study should reduce bacterial growth in the inflamed
uterus. However many samples with heavy bacteriological growth were detected (Table 1). The most frequent
isolates were Bacteroides spp. (52%) and F. necrophorum
(30.5%). Bacteroides spp. were the major bacteria found in
group B (80% of all the micro-organisms isolated in this
group). The treatment did not have any effect on the
elimination of these bacteria. Samitz et al. [10] reported
poor effect of ceftiofur against Bacteroides spp. The main
pathogen isolated in group A was F. necrophorum (75%).
It is interesting that the growth rates of F. necrophorum in
group A and Bacteroides spp. in group B were higher than
in the non-treated group. A possible explanation could be
the likelihood of more active regulation of such mechanisms as cytokines, the function of antibody production
of leukocytes, and an endotoxin response in the nontreated animals [11].
Results of the cytological examination are shown in
Table 1. A total 59 cytological samples were collected.
Cytologically diagnosed inflammation was found in
66.1% of samples. The majority of cows those were cytologically negative for subclinical endometritis in week 5
PP were also negative in weeks 6 and 7. The proportion of
animals without cytological evidence of inflammation
between groups by weeks was not significant.
A total of 56 cytological samples were taken simultaneously with uterine biopsies. One bacteriological sample in
group B and one cytological sample in group C were
missing due to problems during collection. Twenty samples out of 56 (35.7%) were with cytologically demonstrable inflammation and bacteriologically negative. Sixteen
from fifty-six samples (28.6%) demonstrated cytological
evidence of inflammation and were bacteriologically pos-
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Table 1: Number of bacteriologically positive samples and samples with cytologically demonstrable inflammation in
experimental groups by weeks postpartum.
Groups

Weeks postpartum
5

Number of bacteriologically positive samples

Number of samples with cytologically demonstrable inflammation

itive. In the same number of samples (16 from 56; 28.6%)
we did not find inflammation using cytological criteria
and did not isolate any bacteria. From 20 bacteriologically
positive samples 4 (7.1% from total number of samples)
did not demonstrate cytological evidence of inflammation. Previous studies showed that sensitivity of cytobrush cytology for diagnosing subclinical endometritis is
high [9,12]. In the present study some samples with cytological evidence of inflammation also showed phagocytized bacteria, however uterine biopsies taken at the same
time were found to be bacteriologically negative. Consequently bacteriological investigation of uterine biopsies
in the present study could not detect all cases of bacteriological infection. In addition sterile uterine inflammation
may also explain the discrepancies. We know, that the
majority of uterine inflammations during puerperal
period begin with bacterial contamination of the uterine
lumen [6], but it is possible that after mobilisation of
uterine defence mechanisms bacterial growth can be suppressed and inflammation can occur in the absence of
active bacterial infection. Similar results have been
described in beef cows after resumption of ovarian cyclicity [13]. It could be that detected uterine inflammations
without isolation of bacteria might be caused by mycobacterial or fungal uterine contaminations that were not
investigated in this study.
The findings of the present study indicate that the used
treatments of APM had no effect on bacteriological and
cytological findings during the late puerperal period. It is
possible that no treatment may be the best option in the
situation when APM occurs without severe depression,
anorexia and high fever.
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Abstract
Background
The aim of the study was to test the effect of two treatments in cases of acute puerperal
metritis (APM) and clinical metritis (CM).

Methods
Cows with APM and CM (nԜ=Ԝ40)) were matched according to plasma fibrinogen levels (Fb)
into three groups. Two negative control groups D (nԜ=Ԝ11) and E (nԜ=Ԝ17) were composed of
healthy cows. The proportion of animals with APM and CM was similar within the groups.
Treatment was started on the 3rd day postpartum (PP). In group A (nԜ=Ԝ15), intramuscular
(i.m.) administration of ceftiofur was used for five days in combination with flunixin for three
days. Group B (nԜ=Ԝ15) received i.m. administration of ceftiofur for five days followed by two
injections of prostaglandin F2α, with an interval of 8 h, on the 8th day PP. Group C (nԜ=Ԝ10)
served as a control group with no treatment. The general health status, body temperature (BT)
and vaginal discharge were evaluated daily. Endometrial biopsies for bacteriology were taken
once a week for seven weeks PP. Blood samples for the analysis of acute phase proteins were
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collected once a week for six weeks PP. Samples for progesterone analysis were taken twice
a week for seven weeks PP. Fertility performance data were recorded.

Results
The area under the curve of BT was higher in group B than in group D cows (PԜ<Ԝ0.05). No
differences were found for vaginal discharge. There were no differences in bacterial growth,
start of ovarian activity or serum amyloid-A or fibrinogen levels among the groups. The
haptoglobin concentration was higher in the first and second weeks PP in group B compared
with the other groups (PԜ<Ԝ0.05). The number of days open was higher in group A than in both
groups B and D (PԜ<Ԝ0.05). The pregnancy rate after the first two services was higher
(PԜ<Ԝ0.05) in groups B and D than in groups A and C. The number of services per pregnancy
was lower in group B than in group C (PԜ<Ԝ0.05).

Conclusions
Regardless of more severe uterine inflammation found in animals from group B, these cows
showed the same fertility parameters as healthy animals.

Keywords
Metritis, Treatment, PGF2α, NSAID, Dairy cattle

Background
Acute puerperal metritis (APM) and clinical metritis (CM) occur in the early postpartum (PP)
period. They constitute a widespread problem in dairy farming that causes high economic
losses [1]. Therefore, treatment of PP uterine inflammation is one of the most frequently
investigated topics in dairy cow health. Regardless of the large number of scientific
publications devoted to the treatment of APM and CM, the question of the most optimal
treatment scheme is still open.
During normal uterine involution process after parturition a variety of aerobic and anaerobic
bacteria, growing in the uterine lumen, are removed through a range of uterine defence
mechanisms [2]. These mechanisms are effective in combination with good preventive
measures, such as ensuring cows’ adequate immune status and the correct energy balance
around calving, together with good hygiene. Otherwise, following contamination of the
uterine lumen by such pathogens as Arcanobacterium Pyogenes, Fusobacterium
necrophorum, Prevotella species and Escherichia coli can cause inflammation, which can
involve the uterine mucosa alone, or also inflammation of the uterine wall [2,3]. In some
cases is very difficult to differentiate APM from CM. Results from previous studies [3,4]
showed that in some cases no pyrexia was found in cases of APM with severe bacterial
infection. So, considering that APM and CM have the same etiology, and the difficulty in
differentiation between these diseases, they could both be treated using the same treatment
scheme.
So, diagnosis of APM or CM means that inflammation of uterine wall is caused by
pathogens. Treatment of these uterine inflammations should include using of intrauterine or
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parenteral antibiotics. However, the use of intrauterine antimicrobial therapy does not reduce
the signs of systemic illness caused by APM; although intrauterine administration produces
higher drug concentrations in the endometrium, there is little penetration into the deeper
layers of the uterus or the other reproductive tissues [5,6]. Additionally, the use of
intrauterine therapy in combination with parenteral antibiotics has shown no difference when
compared with the use of parenteral administration alone [7]. Drillich et al. reported that the
use of intramuscular (i.m.) injections alone can be less expensive for farmers [8]. Therefore,
the use of parenteral antibiotics for the treatment of APM and CM may be more sensible in
practice than intrauterine administration.
Nonsteroidal anti-inflammatory drugs (NSAID) and prostaglandin (PG) F2α are often used in
addition to antibiotics. However, the results of studies in which the effects of these drugs
have been tested are not consistent [9,10]. The results of studies concerning the use of PGF2α
alone show the same problem. Some investigations showed a clear positive effect of PGF2α
on fertility parameters [11-13], while others found no effect of PGF2α on fertility parameters
[14-17].
The objective of this study was to compare systemic antibiotic treatment in combination with
either flunixinmeglumine (an NSAID) or PGF2 α for the treatment of APM and CM. The
effect of these combinations on clinical and inflammatory parameters and fertility traits on a
commercial dairy herd were investigated.

Materials and methods
Study was performed according to approval of an ethics committee of animal experiments of
Estonian Ministery of Agriculture from 04.09.2007 ref no. 7.2-11/6940 - 1.

Farm and animals
The study was conducted from September 2007 to February 2008 on a loose-housing
commercial dairy farm with 600 cows. All cows were fed the same diet in the form of a total
mixed ration (TMR). The TMR consisted of a mixture of grass silage and concentrate. The
cows were milked three times a day using a 2Ԝ×Ԝ20 parallel milking parlour.
Multiparous late pregnant Estonian Holstein Friesian cows (nԜ=Ԝ68) with mean milk
production during the previous lactation of 10,233 kg energy-corrected milk, and which were
expected to calve during the following two months, were used for the study.

Diagnosis and treatment
Animals with clinical mastitis, arthritis, hoof problems and other clinical diseases other than
APM and CM were excluded from the study. The diagnosis of APM and CM was made on
the 3rd day PP using vaginal and rectal examination and body temperature measurements.
Clinical metritis was defined if an atonic uterus with purulent or mucopurulent vaginal
discharge was found, without changes in general health condition. A diagnosis of APM was
confirmed when increased body temperature (≥ 39.5°C), anorexia, an enlarged and atonic
uterus and odiferous vaginal discharge with the presence of pus were found [2,18]. To ensure
minimal variation of the initial response to inflammation of the uterus among the treatment
groups, stratified randomisation, on the basis of the plasma fibrinogen (Fb) measurements on
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day 3 PP, was used. The cows were divided into subgroups with minimal variation in
fibrinogen concentration (for example, a subgroup with concentrations between 5.1 g/l and
6.0 g/l was used). Animals in each subgroup were assigned randomly to the three
experimental groups. Treatment of the animals was started on the 3rd day PP. Group A
(nԜ=Ԝ15) was treated by s.c. injection of 1 mg/kg Ceftiofur (Exenell RTU®, Pharmacia Animal
Health) for five days, in combination with simultaneous injections of 1.1 mg/kg Flunixin
(Finadyne® vet., Schering-Plough Animal Health) for the first three days. Animals in group
B (nԜ=Ԝ15) were treated by injection of 1 mg/kg Ceftiofur (Exenell RTU®, Pharmacia Animal
Health) for five days followed by two injections of 25 mg PGF2α (Dinoprost; Dinolytic®,
Pfizer Animal Health), with an interval of 8 h, on the 8th day PP (treatment scheme described
by Melendez et al. [13]). Group C (nԜ=Ԝ10) served as a positive control group with no
treatment.
Animals with a body temperature ofԜ<Ԝ39.5°C, tonic uterus, clear or some blood containing
(normal lochia) vaginal discharge without any pus, and absence of anorexia, were diagnosed
as healthy cows and incorporated negative control group D (nԜ=Ԝ11). An additional negative
control group, E (nԜ=Ԝ17), was formed to allow examination of the normal Fb level in healthy
cows.

Clinical examination
The cows were observed daily for morning body temperature (BT) and health problems.
Body temperature measurements started on the day of parturition, but statistical analysis was
performed from day 3 PP. Temperature measurements were made during the first two weeks
PP. Health problems were recorded starting from two weeks before parturition until the end
of the experimental period at seven weeks PP. Evaluation of the presence and character of
vaginal discharge on the vulva, perineum, or tail was assessed daily for each animal for seven
weeks PP. The appearance of vaginal discharge was scored as according to Bekana et al. [19]
as follows: 0Ԝ=Ԝno discharge; 1Ԝ=Ԝclear mucus; 2Ԝ=Ԝmucus with the presence of pus; 3Ԝ=Ԝviscous
purulent material; 4Ԝ=Ԝviscous haemopurulent discharge; 5Ԝ=Ԝwatery mucohaemorrhagic
malodorous secretion.

Bacteriological sampling and examination of the uterus
Biopsies from the uterine endometrium were collected from animals with CM and APM
(groups A, B and C) once a week over a period of seven weeks. If two sequential samples
from the same animal were determined to be bacteriologically negative, assessed as a uterus
clear of bacteria, collection of biopsies from this animal stopped. The first biopsy was taken
between days 3 and 7 PP. Samples were collected according to the methods described by
Bekana et al. [19] and Kask et al. [20]. At the start of sampling the cow`s tail was secured,
faeces were removed from the rectum, and the perineal region and vulva were thoroughly
washed and disinfected. The vulva lips were parted to introduce an externally sterile
protective stainless steel tube. The instrument was advanced into the vagina and fixed in the
external opening of the cervix. A sterile long guarded culture instrument was advanced into
the uterus by cervical manipulation, and opened. A milled cavity with a sharpened edge,
forming a curette about 2 cm in length, 0.5 cm from the rounded tip, was located with the
forefinger of the hand in the rectum and biopsy was obtained from the endometrium. The
biopsies were placed immediately in 10 ml of a freshly prepared thioglycollate medium (LAB
M, Bury, England) for transportation to the laboratory. Aliquots of 0.01 ml of each sample (in
the thioglycollate medium) were spread on Columbia blood agar plates containing 5% bovine
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blood. The plates were cultivated aerobically and anaerobically and examined after 24 and 72
h respectively. Identifications were made according to Bergey’s Manual of Systematic
Bacteriology [21]. To determine the species of the isolates, BBL Crystal TM (Becton,
Dickinson and Company, Maryland, USA) miniaturized biochemical test systems (Gram
positive, Enteric/nonfermenters and Anaerobe ID kits (BD BBL Cristal TM Identification
Systems)) were used. The intensity of bacterial growth on the plates was interpreted as
follows: 0Ԝ=Ԝno bacteria isolated, 1Ԝ=Ԝmild growth (1–20 isolated colonies per 10 μl of
cultivated material), 2Ԝ=Ԝmoderate growth (21–40 isolated colonies per 10 μl of cultivated
material), 3Ԝ=Ԝheavy growth (≥41 isolated colonies per 10 μl of cultivated material).

Blood samples
Blood samples for analysis of acute phase proteins (APP) (serum amyloid-A (SAA) and
haptoglobin (Hp)) were taken from coccygeal vessels using heparinized venoject glass tubes
(Terumo Europe N. V. Leuven, Belgium). Collection was started nine days before parturition
and was performed once before parturition, and once a week for six weeks after parturition.
After immediate centrifugation, about 5 ml of plasma was removed and stored at −18°C until
analysis. Whole blood for Fb analyses was taken once a week during the entire experimental
period, starting on the 3rd day PP.
For the determination of progesterone (P4), plasma samples were collected twice a week.
Collection was started from day 10 PP and continued until day 55 PP. Plasma was stored at
−18°C until analysis.

Methods of analysis of APP
The fibrinogen concentration in plasma was measured by the heat precipitation method [22].
Microhaematocrit tubes were filled with EDTA whole blood and sealed at one end. After
centrifugation for 3 min at 6.000 r/min, the tubes were placed in a water-bath at 56.3°C for 3
min. The plasma Fb concentration (g/l) was measured after a second centrifugation for 3 min,
by calculating the percentage of the precipitated Fb column relative to the length of the
plasma column. Plasma Hp was determined using the haemoglobin binding assay described
by Makimura and Suzuki [23], with the modification of tetramethylbenzidine (0.06 mg/ml)
used as a chromogen [24]. Pooled and lyophilized aliquots of bovine acute phase serum were
used to create standard curves. To calibrate the assay, a bovine plasma sample with a known
Hp concentration provided by the European Commission Concerted Action Project (number
QLK5-CT-1999-0153) was used. The range of the standard curve was 0.04–1.16 g/l. If a
sample’s Hp concentration was higher, the sample was diluted with isotonic saline and reassayed. The intra- and inter-assay coefficients of variation were <12% and <11%
respectively. Concentrations of serum amyloid A (SAA) in plasma were measured with a
commercially available ELISA kit (Phase SAA kit, Tridelta Development Ltd.) according to
the manufacturer’s instructions. The detection limit of the assay for bovine samples is 0.3
mg/l. The intra- and inter-assay coefficients of variation were <7% and <14% respectively.

P4 analysis
Plasma P4 was determined with a commercially available ELISA kit (EIA-1561, DRG
Instruments GmbH, Germany) according to the manufacturer’s instructions. The intra-assay
precision at P4 concentrations of 0.28 and 5.2 ng/ml were 6.76 and 7.76%, respectively. The
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inter-assay precision at P4 concentrations of 0.28 and 4.9 ng/ml were 7.28 and 2.78%,
respectively.
The plasma P4 concentration was used to determine the number of days to the first luteal
response PP, defined as the first two consecutive measurements of P4 concentrationsԜ>Ԝ1
ng/ml.

Fertility analysis
For evaluation of fertility performance, the interval from calving to the first insemination
(days to first service, DFS), first service conception rate (FSCR,%), two service (first and
second) conception rate (TSCR,%), interval from calving to successful insemination (days
open, DO) and number of services per pregnancy (NSP) were recorded for all cows.

Statistical analyses
Linear random-intercept models were used to explore differences in APP concentrations
between the treatment groups. Treatment group, sampling time (week), their interaction and
diagnosis (APM or CM) were included as fixed factors in the initial models. Diagnosis was
not included in the final models because it was non-significant. The cow was included as a
random factor. Isotropic spatial exponential correlation structures were used to model serial
correlations of repeated measurements within cows. Logarithmic transformation of SAA and
inverse-root transformation for Hp were used. Differences in bacterial counts and vaginal
discharge among groups were tested using generalized linear mixed models in which a
Poisson distribution was used for the response variables. The cow was included as a random
factor. Linear time (weeks) as a continuous variable, and time interactions with treatment
group and diagnosis (APM or CM), were included as fixed factors. Overall time trend
differences between challenges were tested with an F-test. Isotropic spatial exponential
correlation structures were used for modelling serial correlations of repeated measurements
within cows in both mixed models. The nlme-package [25] with statistical software R 2.5.0
[26] was used for fitting linear random-intercept models, and generalized linear mixed
models were fitted using the GLIMMIX procedure [27] software with the SAS/STAT 9.1
(SAS Institute Inc., Cary, NC, USA).
For comparing differences in rectal temperature, the area under the curve (AUC) was
calculated for each cow. Analysis of variance, followed by the Bonfferoni correction, was
used to compare mean AUC values among the treatment groups. Logistic regression was used
to evaluate differences among treatment groups in days to the first luteal response (before 50
days PP or after 50 days PP), first service conception (pregnant or not) and second service
conception results. Poisson regression was used to evaluate group differences in NSP, and
linear regression was used to evaluate group differences in DO after logarithmic
transformation of DO. These analyses were made using STATA 10.0 (Stata Corporation,
Texas, USA) software. Data are presented as meansԜ±ԜSEM.
Power analyses of treatment effect to fertility parameters were made retrospectively.
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Results
One animal from group B was culled from the herd before the end of the sampling period
because of polyarthritis and was excluded from the study. There was a small variation in the
proportion of animals with diagnosed APM within groups (6 of 15 (40%), 5 of 14 (35.7%)
and 4 of 10 (40%) in groups A, B and C, respectively). The other animals from groups A, B
and C showed signs of CM.

Clinical parameters
The raw data of daily body temperature is presented in Figure 1. The area under the mean BT
curve (AUC) was highest in group B (AUCԜ=Ԝ775.49Ԝ±Ԝ1.22). It was significantly higher than
in groups D (AUCԜ=Ԝ770.85Ԝ±Ԝ0.85, PԜ=Ԝ0.04) and showed the trend to be higher than in group
A (AUCԜ=Ԝ771.41Ԝ±Ԝ0.96, PԜ=Ԝ0.056). The area under the BT curve in group C was similar to
that in group A (AUCԜ=Ԝ771.31Ԝ±Ԝ1.74), but no differences were found in comparison with the
other groups.
Figure 1 Mean (±SEM) daily body temperature of cows treated with a combination of
parenteral antibiotic and NSAID (group A) and with a combination of parenteral
administration of antibiotic and PGF2α (group B), in comparison with the non-treated
control group (group C) and healthy cows (group D)
The mean score for vaginal discharge in animals with a diagnosis of APM at the beginning of
the study was higher than in animals with CM (PԜ<Ԝ0.001). The decrease in the vaginal
discharge score throughout the study period did not differ between cows with APM and CM
(PԜ=Ԝ0.23). No differences among the experimental groups in vaginal discharge were found
(Figure 2).
Figure 2 Mean (±SEM) score for vaginal discharge of cows treated with a combination
of parenteral antibiotic and NSAID (group A) and with a combination of parenteral
administration of antibiotic and PGF2α (group B), in comparison with the non-treated
control group (group C) and healthy cows (group D). Vaginal discharge was scored as
follows: 5Ԝ=Ԝwatery mucohaemorrhagic malodorous secretion; 4Ԝ=Ԝviscous haemopurulent
discharge; 3Ԝ=Ԝviscous purulent material; 2Ԝ=Ԝmucus with the presence of pus; 1Ԝ=Ԝclear mucus;
0Ԝ=Ԝno discharge

Bacteriological examination
The results for bacteriological growth are presented in Figure 3. A total of 201 biopsy
specimens were collected, of which 101 were positive for bacteria; the remaining 100 biopsy
samples were found to be bacteriologically negative. The highest number of positive samples
was found in group B (49 of the total of 101 positive samples). Nine consistently negative
animals out of the 40 in groups A, B and C were found. From the 101 positive samples, 15
showed mixed infections: two samples from group A, 10 from group B, and three samples
from group C. The most frequent isolates in the positive samples were Bacteroides spp.
(30.7%), Corynebacterium spp (21.8%. and A. pyogenes (10%). The number of positive
samples and the intensity of bacterial growth decreased with every week PP (PԜ<Ԝ0.001 and
PԜ<Ԝ0.001, respectively). Animals with an APM diagnosis showed more intensive bacterial
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growth in all groups (PԜ=Ԝ0.04). However, the number of positive samples, intensity of
bacterial growth and their time trends did not differ between groups.
Figure 3 Mean (±SEM) concentrations of serum amyloid A (a) and haptoglobin (b) in
cows treated with a combination of parenteral antibiotic and NSAIDs (group A) and
with a combination of parenteral administration of antibiotic and PGF2α (group B), in
comparison with the non-treated control group (group C) and healthy cows (group D).
The numbers of bacterial colonies were scored as follows: 0Ԝ=Ԝno bacteria isolated, 1Ԝ=Ԝmild
growth (1–20 isolated colonies), 2Ԝ=Ԝmoderate growth (21–40 isolated colonies), 3Ԝ=Ԝheavy
growth (≥41 isolated colonies)

Acute phase proteins
The maximal levels of SAA were seen in all groups during the 1st week after parturition
(PԜ<Ԝ0.001 in all groups; Figure 4a). The differences in levels among groups, considering their
basal levels, were not significant.
Figure 4 Mean (±SEM) concentrations of serum amyloid A (a) and haptoglobin (b) in
cows treated with a combination of parenteral antibiotic and NSAIDs (group A) and
with a combination of parenteral administration of antibiotic and PGF2α (group B), in
comparison with the non-treated control group (group C) and healthy cows (group D)
The maximal levels of Hp were also seen in all groups during the 1st week after parturition
(Figure 4b). Hp levels in group B in the 1st week PP were higher than in groups A and D
(PԜ=Ԝ0.047 and 0.032, respectively). The levels in group B also remained higher in the 2nd
week, when compared with groups A and C (PԜ=Ԝ0.013 and 0.011, respectively).
Figure 5 shows the change in the group means for Fb levels. There was no difference
between the groups in the change of levels from the first Fb values.
Figure 5 Mean (±SEM) concentrations of fibrinogen in cows treated with a combination
of parenteral antibiotic and NSAIDs (group A) and with a combination of parenteral
administration of antibiotic and PGF2α (group B), in comparison with the non-treated
control group (group C) and healthy cows (group E)
There was no difference in the levels of APP between animals with APM and those with CM.

Progesterone
One animal out of 51 was culled from the herd because of polyarthritis before the end of the
sampling period and was excluded from the analysis of the start of ovarian activity. More
than half of the animals (29 out of 50) showed the start of ovarian activity (first luteal phase
postpartum) during the first 50 days PP. The majority of animals in groups C and D showed
an increase in progesterone of above 1 ng/ml: 70% (7 of 10) and 63% (7 of 11), respectively.
Luteal activity was seen in fewer animals from groups A and B during the first 50 days PP:
53% (8 of 15) and 50% (7 of 14), respectively. No statistical difference between the groups
was found with regard to the start of ovarian activity.
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Fertility parameters
Of the total of 51 cows, fertility data were obtained from 39. The data for 12 animals (two
cows in group A, seven in group B, two in group C, and one in group D) were absent because
the cows had been culled owing to health problems not associated with reproduction (leg
problems, pneumonia and other diseases) during the period between 5 weeks and 6 months
PP.
Table 1 provides a summary of the parameters of reproductive performance. The animals in
group A showed a longer period of DO than those in groups B and D (PԜ=Ԝ0.016 and 0.039,
respectively). There was no difference among the groups in the number of days to first
service and the first service conception rate. The two-service conception rate was
significantly higher in group D than in both groups A and C (PԜ=Ԝ0.049 and 0.035,
respectively). It was not possible to perform analysis of the TSCR in group B using logistic
regression because of a 100% pregnancy rate. The number of services per pregnancy was
detected as minimal in group B in comparison with group C (PԜ=Ԝ0.027). It was also smaller in
group B than in groups A and D, this difference was close to significance (PԜ=Ԝ0.054 and
PԜ=Ԝ0.075, respectively). Animals diagnosed with APM showed the same DFS, DO, FSCR,
TSCR, and NCP as animals with CM.
Table 1 Fertility parameters of cows treated with a combination of parenteral antibiotic
and NSAID (group A) and with a combination of parenteral administration of antibiotic
and PGF2α (group B) in comparison with the non-treated control group (group C) and
healthy cows (group D)
Experimental Days to first Number of First service Two services Number of
group
service
days open
conception conception rate services per
rate (%;
(%; number of pregnancy
number of
pregnant
pregnant
animals)
animals)

a,b

A (nԜ=Ԝ13)

82.3Ԝ±Ԝ4.0a

170.4Ԝ±Ԝ20.8a

23; 3/13a

46; 6/13a

2.85Ԝ±Ԝ0.42ab

B (nԜ=Ԝ8)

98.6Ԝ±Ԝ13.6a

120.6Ԝ±Ԝ21.9b

50; 4/8a

100; 8/8

1.5Ԝ±Ԝ0.19a

C (nԜ=Ԝ8)

76.6Ԝ±Ԝ5.0a

157.0Ԝ±Ԝ20.3ab

37; 3/8a

37; 3/8a

3.25Ԝ±Ԝ0.88b

D (nԜ=Ԝ10)

85.8Ԝ±Ԝ5.9a

115.3Ԝ±Ԝ15.3b

30; 3/10a

90; 9/10b

1.9Ԝ±Ԝ0.28ab

Groups with different superscripts within the column differ significantly (PԜ<Ԝ0.05)

The results of retrospective power analyses based on the observed differences of FSCR,
TSCR and DO between treatment groups showed that the power of the experiment was 4050%. To achieve 80% power the size of each group should be at least 22 animals.
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Discussion
The retrospective analysis of optimal sample size and power analysis showed that sample size
of our study is not enough for good power of the study. The treatment studies are usually
expensive and work and time requested. Granted of afore mentioned reasons, we
unfortunately, could not involve more animals. However, we got a statistically significant
difference between treatment groups with P-value less than 0.05. Differences between groups
were so considerable, that significant differences were found even with the small group sizes
used in this experiment. The probability of Type I error (getting of false positive result) is
several times less, than probability of Type II error (getting of false negative result) [28], and
the possibility of this error was minimized as statistically significant P-values were achieved.
So, regardless of small sample size used in the study, the results of the study can be regarded
as reliable.
The first purpose in the treatment of APM and CM is to support the cow’s wellbeing and
reduce the period of depression and loss of appetite. Reducing the clinical signs of disease
(normalization of BT and vaginal discharge), followed by a decrease in the systemic
inflammatory reaction, and elimination of bacteria from the uterine lumen, are the
physiological indicators of the disappearance of these diseases. Non-steroidal antiinflammatory drugs, due to their antipyrectic and anti-inflammatory effects, should reduce
the clinical signs and inflammatory parameters that accompany APM and CM, as well as
signs of intoxication. It is especially important in the case of severe cases of APM and
toxification due to lipopolysaccharides from bacteria (E.coli and others). These conditions
may be fatal if not treated. The use of NSAIDs in the present study, however, did not help to
decrease the BT more rapidly than occurred in non-treated animals. The process of
normalisation of vaginal discharge and decrease of APP levels in the group treated with
flunixin was not optimal, but it also was not worse than in the non-treated group. The number
of bacteriologically positive samples from uterine biopsy, intensity of bacterial growth and
their time trends, and the start of ovarian activity did not differ among the groups. These
results are in agreement with a study by Drillich et al. [10], who evaluated the effects of a
single administration of flunixinmeglumine in addition to systemic antibiotic treatment in
cows with acute puerperal metritis and did not detect any effect of flunixin on clinical cure.
The same study [10] showed the absence of an effect of flunixin on reproductive performance
compared to another treated group. In the study of Amiridis et al. [9], animals with puerperal
metritis treated by flunixin meglumine, in addition to systematic antimicrobial treatment,
showed more rapid uterine involution and start of ovarian activity than controls, which is not
in agreement with the present study. In the current study animals treated by flunixin showed
the same interval from calving to the first insemination as other animals. The start of ovarian
activity also did not differ between groups. The number of DO in our study was significantly
higher in treatment group A in comparison with treatment group B and healthy animals. The
pregnancy rate after the first two services, and the number of services per pregnancy in group
A, also did not differ from those of the positive control group C. The absence of a positive
effect of flunixin administrated in the early PP on fertility could be explained by no effect of
flunixin on the ovaries and a weak effect on the uterus, in contrast with exogenous PGF2α.
administrated after a decrease in endogenic PG levels. It is known that as long as the PGF2α
release dominates, as occurs during PP uterine inflammation, ovulation does not occur. When
the PG metabolite levels have returned to baseline, ovulation can occur [29]. In the study of
Königsson et al. [30], the early (3–6 days PP) flunixin treatment, when the release of PG is
high, also suppressed levels of PG metabolites during the treatment period of cows with PP
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uterine inflammation. But this suppression was not complete, and not so severe, as in case of
administration of flunixin at the end of the second week PP. Lindell et al. [31] and Madej et
al. [32], however, showed a significant negative correlation between the duration of PG
release and uterine involution. Guiltbault et al. [33], in contrast, did not detect a negative
effect of flunixin meglumine on uterine involution. In the present study, the number of DFS
was the same in all groups, which indicated simultaneous uterine involution in all groups.
Therefore: healthy, diseased and treated, and diseased and non-treated animals needed the
same time to first insemination. These results are in agreement with studies by Gautam et al.
[34] and Barlund at al. [35], in which animals with clinical uterine inflammation did not need
more time to first insemination than healthy cows. The start of ovarian activity in the present
study was also the same in all experimental groups.
It is interesting that animals in non-treated group C did not show a larger number of DO than
healthy animals. Dolezel et al. [36] reported that the probability of conceiving from the first
insemination was the same in animals with AMP and animals with clinically normal vaginal
discharge. Similar results were obtained in the current study, where the FSCR was the same
in all groups. Therefore, the probability of becoming pregnant after the first insemination was
the same in the group treated by flunixin and the group treated by PGF2α, as well as in
healthy and untreated animals. Hendricks et al. [16] also showed that treatment using PGF2α
did not alter the probability of pregnancy at first insemination.
However, the TSCR in the present study was highest in the group treated by PGF2α in
addition to parenteral antibiotics, and in the healthy control group. Animals from group B
showed the same positive result for NSP as control group D. These results are in agreement
with some previous studies in which the mean number of services per pregnancy was lower
in healthy animals [34,35], which means that cows from group B in the present study
probably recovered from uterine inflammation. It is known that prostaglandins enhance
uterine defence mechanisms, help to promote uterine contractility, contribute to uterine
involution and help to shorten periods of bacterial infection [11-13]. Hirsbrunner et al. [15] in
their study, however, did not detect any significant effect on the fertility parameters measured
(DFS, DO, NSP) using PGF2α in dairy cows in the PP period. In addition, Mejia and LacauMengido [17], who used a PGF2α analogue for treatment of endometritis, detected a negative
effect of PGF2α on the DFS and pregnancy rate by day 90 PP in multiparous cows.
The only negative effect of PGF2α in the present study was found for inflammatory
parameters and the clinical conditions of the animals (the highest BT and Hp concentration in
the early PP period). Use of PGF2α, in combination with systemic antibiotic for the treatment
of AMP, in a study by Jeremejeva et al. [37], also did not improve the condition of the uterus
during the late PP period. Bonnet et al. [12], in contrast, reported that treating cows with
PGF2α reduced the incidence of vaginal discharge, decreased the diameter of the uterine
horns, reduced inflammation and fibrosis in the endometrium and minimized the possibility
of isolation of Actinomyces pyogenes from endometrial biopsy samples taken on the 40th day
PP. In the present study, vaginal discharge, intensity of bacterial growth and the start of
ovarian activity in animals treated by PGF2α were not better than in the other groups.
Choosing a treatment strategy for APM and CM must be based on the animal welfare and
economic aspects. It is important not to over-diagnose PP uterine inflammations and is
possible that in the case of less severe cases of CM PGF2α alone should be used.
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Conclusions
Treatment of APM and CM using NSAID in addition to parenteral antibiotic did not improve
clinical cure, inflammatory parameters or elimination of bacteria from the uterus. Animals
from the group given NSAID showed the same fertility parameters (length of interval from
calving to first insemination, first service conception rate, conception rate after two services,
interval from calving to successful insemination and number of services per pregnancy) as
non-treated animals. Regardless of more severe inflammation that was detected in animals
from the group treated by parenteral administration of antibiotic with PGF2α (the highest
body temperature and concentration of Hp), they showed the same fertility parameters as
healthy animals.
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24

Abstract

25

The aim of this study was to test treatment of clinical endometritis in the early postpartum

26

(PP; 5-10 day after calving) and late PP (30-35 day PP) using systemic administrations of

27

ceftiofur with two injections of prostaglandin F2α (PGF2α) at intervals of 8 h. Cows from

28

group A (n = 20) were treated in the early PP, group B1 (n = 35) composed of clinically

29

recovered animals on day 28 PP and were not treated, group B2 (n=18) were treated in the

30

late PP and negative control group C (n = 12) was composed of healthy cows. Examination of

31

vaginal discharge, determination of plasma progesterone, measurement of acute phase

32

proteins, histological examination of uterine biopsies and fertility parameter data were used

33

for evaluation of treatment success. No significant differences in improvement of vaginal

34

discharge, the start of ovarian activity, the length of the first luteal phase measured by

35

progesterone, or in the time-trends of acute phase proteins and presence of subclinical

36

endometritis on days 43-45 PP were detected. Fertility parameters of the group treated in the

37

early PP were better than in the group treated in the late PP. Results of this study suggests that

38

treatment of clinical endometritis in the early PP period, using systemic administration of

39

ceftiofur with two injections of PGF2α at an interval of 8 h, could be more preferable than in

40

the late PP. However, this difference was not significant, possibly because of the small

41

experimental groups.

42
43

Keywords

44

Early postpartum, endometritis, late postpartum, PGF2α, treatment

45
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47

Regardless of developments in therapy, and the use of biosecurity measures, postpartum (PP)

48

clinical endometritis (CE), affects up to 20% of dairy cows (LeBlanc, 2008).

49

The most common treatment methods for PP uterine inflammation, which occur without such

50

signs of systemic illness as pyrexia, anorexia and signs of toxaemia, involve the

51

administration of PGF2α to enhance uterine defence and repair mechanisms, and systemic or

52

intrauterine administration of antibiotics to reduce the pathogenic bacterial load. PGF2α is a

53

hormone that causes muscular contractions of the uterine myometrium, luteolysis of the

54

corpus luteum and, in the absence of a corpus luteum, increases the uterine immune response

55

(Kasimanickam et al., 2005). The proposed benefits of PGF2α use are an uterotonic effect,

56

which helps uterine cleaning of local debris and discharge-containing microorganisms, and

57

induction of oestrus in cows with a responsive corpus luteum, causing evacuation of uterine

58

contaminants. In addition to an uterotonic effect, PGF2α results in a decrease in P4, which

59

reduces the immune function of the uterus, and increases the oestrogen level, which improves

60

uterine immune function (Lewis, 1997). A further positive effect of PGF2α on uterine immune

61

function is its effect on increasing leukotriene B4 secretion by the uterus, which supports

62

chemotaxis, cell-mediated cytotoxicity, phagocytosis and lymphocyte function (Lewis, 2003).

63
64

It has been reported that the administration of two luteolytic doses of PGF2α at 8 h intervals

65

has a significantly positive effect on the reproductive performance of dairy cows with uterine

66

inflammation (Archbald et al., 1993; Salasel et al., 2003; Melendez et al., 2004; Jeremejeva et

67

al., 2012).

68
69

The choice of antibiotics used for treatment of PP uterine inflammations is broad. Ceftiofur is

70

one of the most widely investigated parenteral antibiotics, which has no milk withdrawal time,
3
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71

and positive effect, which have been described in previous clinical studies (Chenault et al.,

72

2004).

73
74

One possibly effective treatment for PP CE could be parenteral administration of ceftiofur,

75

followed by two doses of PGF2α at intervals of 8 h. However, the optimum timing of this

76

treatment is unclear. One possible treatment time is immediately after diagnosis in the early

77

PP, when CE is in its acute phase. Based on the reports of veterinarians working in field

78

conditions, veterinarians from some countries prefer to treat CE after the fourth week PP in

79

cases where clinical signs remain, when CE enters the chronic phase.

80
81

The hypothesis was that treatment of CE in the early PP period, when uterine inflammation is

82

in the acute phase and treatment could be more productive, improves clinical signs,

83

inflammatory parameters and fertility parameters of dairy cows significantly better than

84

treatment in the late PP, when some of the animals became healthy and some animals have

85

been developing chronic phase of the inflammation. The purpose of this experiment was to

86

determine the optimal time of CE treatment, diagnosed in the early PP period, using systemic

87

administrations of ceftiofur with two injections of PGF2α at intervals of 8 h.

88
89

Methods

90

Farm and animals

91

Sixty seven multiparous late-pregnant cows, expected to calve during the subsequent three

92

months, were used. Animals were loose-housed on a dairy farm with 600 cows, and were fed

4
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93

the same diet. Animals with puerperal metritis, clinical mastitis, arthritis, hoof problems or

94

other clinical diseases besides CE were not included.

95
96

Diagnosis and treatment

97

Clinical endometritis was defined as the presence of a purulent uterine discharge without foul

98

odour, and atonic and enlarged uterus without changes in general health condition (body

99

temperature <39.5°C, without depression, anorexia or other signs of toxaemia). The diagnosis

100

of CE was made on the 5th day PP using vaginal and rectal examination, and measurements

101

of body temperature. Vaginal examination was made using vaginoscopy, and manual

102

examination of vaginal discharge. To ensure minimal variation of the initial response to the

103

inflammation of the uterus among the treatment groups stratified randomisation, on the basis

104

of fibrinogen (Fb) in plasma measurements on day 5 PP, was used. Group A (n = 20) began

105

treatment on the 5th day PP by s.c. injection of 1 mg/kg Ceftiofur (Excenel RTU®, Pharmacia

106

Animal Health, Poland) for five days, followed by two injections of 25 mg PGF2α (Dinoprost;

107

Dinolytic®, Pfizer Animal Health Belgia), with an interval of 8 h, on the 10th day PP.

108

Animals in group B (n = 35) were reexamined on day 28 PP, and in the case of confirmation

109

of CE diagnosis, using the same diagnostic criteria as on the 5th day PP, (group B2) were

110

treated using the same scheme as group A, commencing on day 30 PP: injection of 1 mg/kg

111

Ceftiofur (Excenel RTU®, Pharmacia Animal Health, Poland) for five days followed by two

112

injections of 25 mg PGF2α (Dinoprost; Dinolytic®, Pfizer Animal Health, Belgium), with an

113

interval of 8 h, on the 35th day PP. Clinically recovered animals (group B1) were not treated.

114

A negative control group C (n = 12) was composed of healthy cows.

115
116

Clinical examination
5
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117

The cows were observed daily for health problems. Evaluation of vaginal discharge on the

118

vulva, perineum, tail or in the vulva (by manual examination) was performed daily for each

119

animal for seven weeks PP. The appearance of vaginal discharge was scored as follows: 0 =

120

no discharge; 1 = clear mucus; 2 = mucus with the presence of pus; 3 = viscous purulent

121

material; 4 = viscous haemopurulent discharge; 5 = watery mucohaemorrhagic malodorous

122

secretion.

123
124

Histological sampling and examination of the uterus

125

Biopsies from the uterine endometrium for histological examination were collected from all

126

cows, once at 43-45 days postpartum. Slides for histological examination were prepared by

127

the paraffin section method, using haematoxylin-eosin staining. The diagnosis of subclinical

128

endometritis (SE) was based on the presence of fibrosis and infiltration of inflammatory cells

129

in the epithelium, stratum compactum and stratum spongiosum. Two independent observers

130

performed the evaluation blind.

131
132

Blood samples

133

Plasma samples for analysis of acute phase proteins (APP) (serum amyloid-A (SAA) and

134

haptoglobin (Hp)), used as indicators for acute inflammatory processes, were taken from nine

135

days before term and were performed once before parturition and once a week for seven

136

weeks after parturition. Whole blood for Fb analyses was taken once a week during the entire

137

experimental period, starting on the 5th day PP. For the determination of progesterone (P4),

138

plasma samples were collected twice a week commencing from day 10 PP and until day 75

139

PP. The plasma P4 concentration was used to determine the number of days to the first luteal

6
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140

response PP, defined as the first two consecutive measurements of P4 concentrations > 1

141

ng/mL.

142
143

Methods of analysis of APP

144

The fibrinogen concentration in plasma was measured by the heat precipitation method.

145

Plasma Hp was determined using haemoglobin binding assay, as described by Makimura and

146

Suzuki (1982), with the modification of tetramethylbenzidine (0.06 mg/mL) used as a

147

chromogen (Alsemgeest et al., 1994). Concentrations of serum amyloid A in plasma were

148

measured according to the manufacturer’s instructions with a commercially available ELISA

149

kit (Phase SAA kit, Tridelta Development Ltd.). The intra- and inter-assay coefficients of

150

variation for Hp were <12% and <11%, and for SAA <7%, <14%, respectively.

151
152

P4 analysis

153

Plasma P4 was determined according to the manufacturer’s instructions with a commercially

154

available ELISA kit (EIA-1561, DRG Instruments GmbH, Germany). The intra-assay

155

precision at P4 concentrations of 0.36 and 6.16 ng/mL were 4.26 and 1.74 %, respectively.

156

The inter-assay precision at P4 concentrations of 0.29 and 5.52 ng/ml were 10.19 and 4.93%,

157

respectively.

158
159

Fertility analysis

160

To evaluate fertility performance, the interval from calving to first insemination (days to first

161

service, DFS), first service conception rate (FSCR, %), two service (first and second)

162

conception rate (TSCR, %), interval from calving to successful insemination (days open, DO)

163

and number of services per pregnancy (NSP) were recorded for all cows.
7
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164
165

Statistical analyses

166

Linear random-intercept models were used to explore differences in APP concentrations

167

between treatment groups. Logarithmic transformations of APPs were used. Differences in

168

vaginal discharge among groups were tested using generalized linear mixed models, in which

169

a Poisson distribution was used. Treatment group, sampling time (day) and their interactions

170

were included as fixed factors in the initial models. Logistic regression was used to evaluate

171

differences among treatment groups for histological examination results, days to the first

172

luteal response (before or after 50 days PP), first service conception (pregnant or not) and

173

second service conception results. Poisson regression was used to evaluate group differences

174

in NSP, and linear regression was used to evaluate group differences in DO after logarithmic

175

transformation of DO. These analyses were made using STATA 10.0 (Stata Corporation,

176

Texas, USA) software. Data are presented as means ± SEM. Analyses of the minimal number

177

of animals in experimental groups for evaluation of treatment effect to fertility parameters

178

was made retrospectively.

179
180

Results

181

Two animals from group A and four from group B were culled from the herd before the end

182

of the sampling period because of health problems, not associated with the uterus, and were

183

excluded from the study. Thirteen cows were clinically healthy on day 28 PP and were

184

assigned to group B1 and the remaining 18 cows from group B were assigned to group B2.

185

Vaginal discharge from negative control cows (group C) was clear and did not occur after day

186

26 PP. Vaginal discharge in groups A, B1 and B2 became clear on days 31, 22 and 32 day PP,

187

respectively. There was no difference between treatment groups in the improvement of
8
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188

vaginal discharge. The start of ovarian activity, measured by P4, was detected on the 37.8 ±

189

5.9, 36.0 ± 4.6, 30.2 ± 3.6 and 32.3 ± 4.8 day PP in groups A, B1, B2 and C, respectively.

190

There was no significant difference either in the start of ovarian activity or in the length of the

191

first luteal phase. Concentrations of Hp, SAA and Fb were maximum in all groups during the

192

1st week after parturition, after which time they started to decrease. There were no differences

193

in the time-trends of APP between groups. The percentages of animals showing presence of

194

SE, based on histological examination, were 54%, 46%, 42% and 50% in groups A, B1, B2,

195

and C. There were no significant differences between groups.

196

Table 1 provides a summary of the parameters of reproductive performance. Regardless of the

197

better fertility parameters in group A (early treated cows) in comparison with group B2

198

(animals treated in the late PP), this difference was not significant.

199
200

Discussion

201

This positive effect of early administration of PGF2α has been found by numerous researchers

202

(Nakao et al., 1997; Melendez et al., 2004; Jeremejeva et al., 2012). Nakao et al. (1997)

203

treated endometritic animals with PGF2α on days 7 to 10 PP, and showed that the fertility

204

parameters of treated cows were the same as in healthy control animals. Melendez et al.

205

(2004) studied the effect of PGF2α on animals with acute puerperal metritis. They treated

206

animals with an i.u. administration of ceftiofur with two doses of PGF2α, 8 h apart, on d 8 PP.

207

Primiparous treated cows had smaller uterine diameters and lower uterine scores, reduced

208

concentration of α1-acid glycoprotein, and increased first service conception rate. Multiparous

209

cows with APM were not affected by treatment. In a previous study of Jeremejeva et al.

210

(2012) the use of two injections of PGF2α, with an interval of 8 h, on the 8th day PP for
9
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211

treatment of acute puerperal metritis and endometritis had a positive effect on fertility

212

parameters, which were as good as those in healthy animals.

213
214

In this study no significant differences in any of the clinical or physiological parameters were

215

found between experimental groups. However, TSCR in the early treated group was better

216

than in the group treated in the late PP (93% and 71% in groups A and B2, respectively). The

217

same tendency was seen in number of DO (100.7 ± 9.6 and 125.2 ± 14.1 in groups A and B2)

218

and in NSP (1.4 ± 0.2 and 2.2 ± 0.4 in groups A and B2, respectively). But those differences

219

were not significant, possibly because of not enough number of studied animals. The analysis

220

of optimal sample size showed that this difference could be significant in case of more

221

significant number of studied animals (at least 55 animals per group).

222
223

This positive effect of using this treatment in the early PP could be explained by changes in

224

PP physiology as a result of administration of PGF2α. The concentration of PGF2α metabolites

225

in dairy cows increases around parturition and, in the case of normal parturition and

226

puerperium, returns to base levels on the10th-20th day PP (Guilbault et al., 1984). In cows with

227

normal uterine involution, the duration of PGF2α release is negatively correlated with the time

228

of completed uterine involution (Lindell et al., 1982). The situation is different in the case of

229

PP uterine inflammations, such as clinical endometritis. After a period of higher increase than

230

in normal cows (Kindahl et al., 1992), the concentrations of prostaglandin metabolites decline

231

drastically at 7-10 days PP, while healthy cows show a longer period of increased

232

prostaglandins levels (Nakao et al., 1997). The shorter duration or release of PGF2α could be

233

partly responsible for the prolonged period of uterine involution in cows with an abnormal PP

234

period (Nakao et al., 1997). Administration of exogenous PGF2α after the endogenous PGF2α
10
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235

peak on day 4 PP in cows with abnormal puerperium (Nakao et al., 1997) could elongate the

236

period of elevated PGF2α and improve the fertility of animals with inflamed uterus.

237
238

However, Hendricks et al. (Hendrickset al., 2006) treated cows twice with PGF2α at 8 h

239

intervals on days 7 and 14 PP and once on days 22 and 35 PP and found no positive effect of

240

PGF2α on fertility parameters. Others studies have shown a positive effect of late

241

administration of PGF2α on animals with PP uterine inflammation. Salasel and Mokhtari

242

(2011) used two doses of PGF2α 8 h apart on day 20 PP for treatment of cows with puerperal

243

health problems, and found that PGF2α treatment increased the first service conception rate of

244

treated animals, reduced the mean number of services per conception and the mean open days,

245

and increased the possibility of pregnancy by 150 days PP. Drillich et al. (2005) treated

246

animals with uterine inflammation at 21-27 days PP using two strategies: administration of

247

PGF2α on days 21-27 and 35-41 and secondly, in cases of signs of uterine inflammation, at 35-

248

41 days PP and 49-55 days PP. Treatment with PGF2α resulted in the same fertility parameter

249

values as those found in healthy cows. Drillich et al. (2005) suggested that PGF2α is the

250

treatment of choice for chronic endometritis in dairy cattle.

251
252

The results of the current study also agree with other studies which have demonstrated a

253

negative, or nil, effect of PGF2α administered in the late PP. Mejía and Lacau-Mengido (2005)

254

treated endometritic cows with PGF2α every 20 days, if endometritis was rediagnosed during

255

rechecking by rectal palpation, starting on days 30-50 PP, and reported a negative effect of

256

PGF2α on days to first service and days open. Feldmann et al. (2005), in a study of the

257

treatment of chronic bovine endometritis, treated animals with prostaglandins over 21 days

258

PP. Two weeks following the first treatment, cows were reexamined. The treatment group did
11
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259

not differ with respect to the clinical outcome or reproductive performance. In cases of

260

confirmation of diagnosis at the second examination, the treatment was repeated. Animals

261

after a single treatment had a higher cure rate and first service conception rate, and lower

262

pregnancy index when the treatment was performed after day 42 PP. Le Blanc et al. (2002)

263

found that administration of PGF2α between 20 and 26 days PP, to cows with endometritis that

264

did not have a palpable corpus luteum, was associated with a significant reduction in

265

pregnancy rate. However, there was no difference in pregnancy rate between animals treated

266

in the period between 27 and 33 days PP and untreated cows.

267
268

The rate of normalization of vaginal discharge, levels of APPs, start of ovarian activity and

269

fertility parameters of animals in the present study did not differ between experimental

270

groups. So, neither early nor late administration of PGF2α had any effect on clinical or

271

biochemical parameters, or the presence of SE in animals with PP CE. The presence of SE in

272

the control group C was quite high (50%). This could have been because of a high incidence

273

of SE in this herd generally. Fertility parameters in group A (early treated cows) were better

274

in comparison with group B2 (animals treated in the late PP), however this difference was not

275

significant. But the analysis of optimal sample size showed that it could be significant in case

276

of using at least 55 studied animals per experimental group.

277
278

In conclusion, treatment of CE in the early PP period, when uterine inflammation is in its

279

acute phase, and at a time when uterine defence mechanisms actively contend with uterine

280

pathogens and inflammation, the use of systemic administration of ceftiofur with two

281

injections of PGF2α at an interval of 8 h, could be more preferable to using the same treatment

282

in the late PP.
12
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35

Abstract

36
37

The aim of this study was to evaluate the potential relationship between concentrations of

38

serum amyloid A (SAA), haptoglobin (Hp), fibrinogen (Fb), and fertility parameters of

39

treated and positive control animals with acute puerperal metritis (APM), clinical metritis

40

(CM) and healthy cows.

41

Animals with CM and CE were assigned to a treatment and control groups. A negative control

42

group was composed of healthy cows. Measurement of acute phase proteins (APP) were done

43

once a week for seven weeks postpartum (PP). Fertility data were recorded.

44

The first insemination after 90 days PP was correlated with increased APP levels during the

45

first week PP. The failure of insemination until the 150th day PP and a lower first service

46

conception rate were associated with an increase in APP concentrations at the end of the

47

experimental period. Existence of APM or CM and treatment groups had no effect on the

48

association between APP and fertility parameters.

49

The results indicate that the acute phase reaction reflected in concentrations of APP in plasma

50

during the PP period could be related to the fertility of dairy cows with APM, CM and healthy

51

cows.

52
53

Keywords: dairy cow, fertility, fibrinogen, haptoglobin, serum amyloid A

54
55
56

1. Introduction

57

Acute phase proteins (APP) are a group of blood proteins which assist in decreasing pathogen

58

growth in the case of an acute phase response activated by trauma, stress, inflammation,

59

parturition, neoplastic growth, surgery, or immunological disorders. They can be useful in

60

monitoring the course of some postpartum (PP) reproductive diseases, such as endometritis

61

and metritis (Hirvonen et al., 1999; Sheldon et al., 2001; Chan et al., 2004; Humblet et al.,

62

2006; Tóthová et al., 2008; Huzzey et al., 2009; Galväo et al., 2010; Schneider et al., 2013).

63

Uterine inflammations can result in poor fertility (Hirvonen et al., 1999; LeBlanc et al., 2008).

64

Increased concentrations of an inflammatory marker interleukin-6 before parturition were

65

found to be associated with the occurrence of endometritis in the PP period (Ishikawa et al.,

66

2004). APP can also be used as inflammatory markers to help predict fertility in animals.

2
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67

Some studies have shown that increased concentrations of Hp and SAA during acute

68

puerperal metritis (APM) were associated with reduced fertility (Hirvonen et al., 1999; Chan

69

et al., 2010). APP could serve as prognostic markers in cases of acute uterine infection and

70

inflammation. However, APP have not been studied as prognostic markers of reproductive

71

performance in dairy cows with less severe PP uterine inflammation and in animals treated

72

using different schemes and healthy cows.

73

The aim of this study was to evaluate the potential relationship between serum haptoglobin

74

(Hp), serum amyloid A (SAA), and fibrinogen (Fb) as inflammatory mediators, and the

75

subsequent fertility in dairy cows suffering from APM, clinical metritis (CM), or clinical

76

endometritis (CE), treated using different methods, in comparison with both untreated

77

diseased and healthy control cows. The first hypothesis of the study was that one or several

78

APP levels measured during the first seven weeks after parturition could be related to the

79

reproductive performance of animals with postpartum (PP) uterine inflammation and/or in

80

healthy animals. The second hypothesis was that different treatments could affect acute phase

81

reaction reflected in concentrations of APP that, in turn, could affect the possible association

82

between APP concentrations and fertility.

83
84

2. Materials and methods

85

2.1 Farms and animals

86

The study was performed from September 2007 to February 2008 (farm 1) and from February

87

2009 to August 2009 (farm 2) on two loose-housing commercial dairy farms both with 600

88

cows. All experimental cows were fed the same diet in the form of a total mixed ration (TMR)

89

consisting of grass silage and a concentrate mix. The cows were milked three times a day in a

90

2×20 parallel milking parlour.

91

Multiparous late pregnant Estonian Holstein-Friesian cows (n = 98) with the mean milk

92

production of 10,617 kg/ECM during the previous lactation, were included in the study. All

93

experimental cows were expected to calve within two months from the start of the

94

experimental period on the farm.

95
96

2.2 Diagnosis and experimental groups

97

Diagnosis of both APM and CM was made on the 3-5 PP using the definitions by Sheldon et

98

al. (2006). Clinical metritis was defined if an atonic uterus with a purulent or mucopurulent

99

vaginal discharge was found, without changes in general health condition.

3
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100

A diagnosis of APM was confirmed when increased body temperature (≥39.5 °C), anorexia,

101

an enlarged and atonic uterus and odoriferous vaginal discharge with the presence of pus were

102

found. Animals with inflammation of the uterus (n = 76) were randomly matched by

103

fibrinogen concentration into three treatment and positive control groups. A negative control

104

groups (n = 22) were composed of healthy cows.

105

The treatment of animals began on the third - fifth day PP. Group A (n = 13) was treated by

106

intramuscular injection of 1 mg/kg Ceftiofur (Exenell RTU®, Pharmacia Animal Health) for

107

five days in combination with injections of 1.1 mg/kg Flunixin (Finadyne® vet., Schering-

108

Plough Animal Health) for three days. Animals from group B (n = 22) were treated by

109

intramuscular injection of 1 mg/kg Ceftiofur (Exenell RTU®, Pharmacia Animal Health) for

110

five days followed by two injections of 25 mg PGF2α – dinoprost (Dinolytic®, Pfizer Animal

111

Health) with an interval of 8 h on the eighth day PP. Animals from group C (n = 25) were re-

112

examined on day 28 PP and (if clinical examination showed existence of CE) treated (group

113

C1, n = 16) using the same treatment scheme as group B starting on the 30th day PP. Group D

114

(n = 16) served as the positive control group without any treatment. Negative control group E

115

(n = 22) composed of healthy cows.

116
117

2.3 Blood samples

118

Blood samples for APP (SAA and Hp) analyses were taken from coccygeal vein using

119

heparinized Venoject® glass tubes (Terumo Europe N. V. Leuven, Belgium). Collection was

120

started nine days before calving term, being performed once before the term and 5 to 7 days

121

PP, and subsequently once a week for six weeks. Thus, the first blood sampling for the

122

measurement of SAA and Hp of some animals was performed on the first day of the second

123

week postpartum.

124

After immediate centrifugation, about 5 ml of plasma was removed and stored at –18 °C until

125

the analyses were performed. Whole blood for Fb analysis was taken once a week starting

126

from day 3 PP over the entire experimental period (seven weeks PP).

127
128

2.4 Methods of analysis of APP

129

The Fb concentration in plasma was measured by the heat precipitation method (Millar et al.,

130

1971). Plasma Hp was determined using the haemoglobin binding assay described by

131

Makimura and Suzuki (1982), with the modification of tetramethylbenzidine (0.06 mg/ml)

132

used as a chromogen (Alsemgeest et al., 1994). Pooled and lyophilized aliquots of bovine

133

acute phase serum were used to create standard curves. To calibrate the assay, a bovine
4
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134

plasma sample with a known Hp concentration, provided by the European Commission

135

Concerted Action Project (QLK5-CT-1999-0153), was used. The range of the standard curve

136

was 40–1160 mg/l. If the Hp concentration of a sample was higher, the sample was diluted

137

with isotonic saline and re-assayed. The intra- and inter-assay coefficients of variation were

138

<12% and <11%, respectively. SAA concentrations in plasma were measured using a

139

commercially available ELISA kit (Phase SAA kit, Tridelta Development Ltd.) according to

140

the manufacturer’s instructions for bovines. The detection limit of the assay for bovine

141

samples was 0.3 mg/l. The intra- and inter-assay coefficients of variation were <7% and

142

<14%, respectively.

143
144

2.5 Fertility analysis

145

To evaluate fertility performance, the date of the first insemination up to 90 days PP (days to

146

first service 90, DFS 90), the first service conception rate (FSCR) and the date of successful

147

insemination up to 150 days after calving (DO 150) were recorded for all cows.

148
149

2.6 Statistical analyses

150

Logistic regression models for DFS 90, FSCR and DO 150 were used to explore associations

151

between PP APP levels and the listed fertility parameters. For the analysis, APP

152

concentrations of each week PP were divided into 2-level categorical variable (high and low

153

concentrations) using median values of PP week’s samples and the associations between high

154

APP concentrations and the fertility parameters by PP week were analysed. Treatment group

155

and farm were included as the fixed factors in the models. Diagnosis (APM or CM) was not

156

included in the final models for the reason of being non-significant. Interaction between

157

treatment groups and APPs and diagnosis and APPs were checked. No significant interactions

158

were found in any models. The fit of the model was evaluated with Hosmer-Lemeshow

159

goodness-of-fit test.

160

The STATA 10.1 (StataCorp, Texas, USA) software was used for statistical analyses.

161
162

3. Results

163

Effects of treatment success on clinical cure, inflammatory response and fertility parameters

164

are described by Jeremejeva et al. (2012;).

165

Some of the animals, culled before the end of the sampling period due to the health problems

166

not associated with uterus, were excluded from the analysis.
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167

Ten cows showed signs of APM and 66 cows sings of CM. The raw data on APP

168

concentrations and fertility parameters are presented in Table 1 and Fig. 1, respectively. Data

169

of APP medians, their lower and upper quartile are presented in Fig. 2.

170

Cows with higher Hp levels (concentrations above the median) in the first week PP (≥331

171

mg/l) had a lower probability of the first insemination during the first 90 days PP (P = 0.034,

172

OR = 0.23, CI 95% = 0.06; 0.90) (Table 2).

173

Cows with higher Fb levels (above the median) in the seventh week PP (≥5.8 g/l) had a lower

174

probability of conception after the first service than those with lower Fb concentrations (P =

175

0.034, OR = 0.39, CI 95% = 0.16; 0.93) (Table 2).

176

Animals with higher concentrations (levels over the median) of SAA (≥23.6 mg/l) and Hp

177

(≥128 mg/l) in the sixth week PP had a smaller likelihood of successful insemination up to

178

150 days after calving (P = 0.016, OR = 0.24, CI 95% = 0.08; 0.76 for association between

179

SAA and DO 150, and P = 0.030, OR = 0.26, CI 95% = 0.07; 0.87 for association between Hp

180

and DO 150) (Table 2).

181

The experimental groups, farm and diagnosis (APM, CM or healthy animals) showed no

182

significant effect to the fertility parameters and no interactions effect between experimental

183

groups and APP or diagnosis and APP were found.

184
185

4. Discussion and conclusions

186

Increased concentrations of APP are usually caused by inflammation processes. In this study

187

only the animals with uterine inflammation and clinically healthy cows were used, so it is

188

likely that enhanced concentrations of APP were associated with APM or CM. Sheldonet al.

189

(Sheldon et al., 2006) have shown that uterine inflammation affects subsequent fertility.

190

Therefore, increased concentrations of APP could be associated with the subsequent fertility

191

of dairy cows.

192

In the present study a relationship between APP levels and fertility parameters was found in

193

both animals with uterine inflammation and clinically healthy cows. According to Chan and

194

others (2010) in most healthy cows, APP 'concentrations are typically not elevated and are

195

associated with better fertility parameters. Increased concentrations of Hp can be detected not

196

only in the clinically affected, but also in the subclinically affected dairy cows (Bertoni et al.,

197

2008; Chan et al., 2010). Gilbert et al. (2005) and Vieira-Neto et al. (2014) have demonstrated

198

the effects of subclinical uterine inflammations on fertility parameters, therefore it is proposed

6
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199

that some single increased APP values, which were associated with poorer fertility, could be

200

explained by subclinical endometritis.

201

APP levels increase in all cows after parturition. The increase is associated with parturition,

202

whereas it is more significant in diseased animals (Hirvonen et al., 1999). In the present study

203

the higher levels of Hp during the first week after parturition were associated with delayed

204

first insemination. All cows included in the study were inseminated during the first detected

205

oestrus after the voluntary waiting period. So, all delayed first inseminations could be related

206

to a prolonged anovulatory period due to a possible negative energy balance, or missed heats,

207

which might be caused by silent heats. Galväo et al. (2010) detected greater NEFA

208

concentrations at calving and at day 35 PP in cows with clinical and subclinical uterine

209

inflammation. The negative energy balance could affect normal oestrous behaviour and

210

recovery of ovarian activity. In the present study it seems that if these events that are related

211

to calving take place earlier, they are more likely to be associated with increased APP levels

212

in the first week after parturition.

213

In the period from the second to the fifth week PP, levels of APP remained elevated in most

214

animals. The process of normalisation of uterine condition in most of the diseased animals

215

had been finished by the sixth week PP (Hirvonen et al., 1999). However, in some animals an

216

inflammation process could develop from the acute form to the chronic or subclinical form.

217

Concentrations of APP in these animals persist at a high level and, related to possible uterine

218

inflammation, are associated with poorer DO 150 and FSCR. It seems that these fertility

219

parameters, which depend not only on resumption of ovarian activity but also on oocyte

220

viability and uterine condition, were associated with increased APP concentrations at the end

221

of the experimental period (weeks six and seven PP).

222

Hirvonen et al. (1999) and Chan et al. (2010) showed the relationship between APP levels and

223

fertility in cases of severe puerperal uterine inflammation. The present study indicated this

224

association in animals with APM, as well as in animals with CM and clinically healthy cows.

225

The treatment groups had no effect on the relationship between SAA, Hp, and Fb and fertility

226

parameters. Consequently, increased APP levels in animals with a more severe inflammation

227

in the early PP period, and treatments that appeared to be less effective by the end of the

228

experimental period, were associated with poorer fertility, while lower APP concentrations in

229

healthier animals were associated with better fertility.

230

In conclusion, the findings of this study indicate that plasma Hp, SAA, and Fb, measured

231

during the PP period, may be associated with subsequent fertility in treated and untreated

232

animals with APM and CM, and healthy dairy cows.
7
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315

Table 1. Median (lower quartile/upper quartile) concentration of fibrinogen (Fb), serum

316

amyloid A (SAA) and haptoglobin (Hp) in plasma of experimental cows at postpartum (PP)

317

weeks.
Acute phase

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

proteins
Animals with acute puerperal metritis (n = 10)
Fb (g/l)

SAA (mg/l)

Hp (mg/l)

8.4

5.9

4.7

5.9

6.1

5.1

5.8

(6.1/9.6)

(4.9/7.7)

(4.0/7.1)

(4.4/6.6)

(5.4/78.1)

(3.9/6.0)

(4.3/5.8)

99.9

12.6

15.5

12.9

40.2

43.9

16.2

(61.6/145.1)

(10.8/72.1)

(9.1/59.5)

(4.6/91.4)

(17.7/99.6)

(19.3/110.4)

(12.0/21.2)

762

98

84

77

65

57

52

(693/1175)

(47/280)

(35/119)

(49/526)

(51/249)

(38/169)

(37/78)

Animals with clinical metritis (n = 66)
Fb (g/l)

SAA (mg/l)

Hp (mg/l)

6.7

6.0

6.0

5.9

5.8

5.9

5.8

(5.1/8.4)

(4.3/7.7)

(4.6/7.6)

(4.4/7.4)

(4.2/7.1)

(4.2/7.4)

(4.2/6.5)

53.7

23.4

15.5

24.2

35.8

28.4

16.6

(20.9/94.4)

(10.4/55.3)

(5.6/54.1)

(9./55.0)

(8.1/105.0)

(8.1/86.4)

(8.6/65.8

320

185

160

128

127

154

128

(195/830)

(134/512)

(100/233)

(81/197)

(56/191)

(85/229)

(96/178)

Healthy animals (n = 22)
Fb (g/l)

SAA (mg/l)

Hp (mg/l)

5.8

5.6

6.3

5.9

4.9

4.8

5.2

(4.9/6.9)

(4.5/8.3)

(5.4/8.0)

(4.3/7.2)

(4.2/6.1)

(4.1/5.9)

(4.3/5.3)

41.6

42.8

12.3

16.9

9.0

11.5

7.8

(22.3/98.4)

(17.6/70.8)

(7.2/63.5)

(9.1/78.8)

(5.8/24.6)

(7.9/19.3)

(5.9/33.3

154

170

140

128

78

79

77

(120/231)

(71/336)

(40/173)

(48/175)

(35/136)

(36/128)

(50/134)

318
319
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320

Table 2. Associations between fertility parameters: first insemination up to 90 days

321

postpartum (PP; DFS 90), the first service conception rate (FSCR), the date of successful

322

insemination up to 150 days after calving (DO 150) and acute phase proteins (serum amyloid

323

A; SAA, haptoglobin; Hp and fibrinogen; Fb) by PP weeks.
Fertility

APP

PP

APP

Number of

OR

CL 95%

parameter

(unit)

week

median

animals (n

(P value)

of OR

(n of animals

of animals

over and

in fertility

under the

parameter

median)

groups)

DFS 90

Hp (mg/l)

1

331 (30; 30)

60 (42; 18)

0.23 (0.034)

0.06; 0.90

yes/no

Fb (g/l)

1

6.7 (49; 49)

98 (71; 27)

0.40 (0.065)

0.15; 1.06

FSCR

Fb (g/l)

7

5.8 (48; 47)

95 (44; 51)

0.39 (0.034)

0.16; 0.93

Hp (mg/l)

6

128 (48; 48)

96 (73; 23)

0.25 (0.030)

0.07; 0.87

SAA (mg/l)

6

23.6 (48; 48)

96 (73; 23)

0.24 (0.016)

0.08; 0.77

preg./not
preg.
DO 150
preg./not
preg.
324
325

12
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326
100

APM
CM
H

%

75
50
25

327
328

0

DFS 90

FSCR

DO 150

329

Figure 1. Mean fertility parameters (± 95% CI): days to first service 90 (DFS 90 - first

330

insemination up to 90 days), the first service conception rate (FSCR) and successful

331

insemination up to 150 days after calving (DO 150) of experimental cows with acute

332

puerperal metritis (APM), clinical metritis (CM) and healthy animals (H).

333
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Figure 2. Median (lower quartile/upper quartile and minimum/maximum) concentration of

337

serum amyloid A, haptoglobin and fibrinogen in experimental animals.
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