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The energy imbalance related predisposition to mastitis was studied in
group-fed postpartum dairy cows (n = 333) kept in 4 large-scale units and pro-
ducing milk of low somatic cell count (SCC). Blood samples were taken on Days
1–3 after calving for assaying some metabolites and hormones related to the
negative energy balance (NEB). If mastitis was diagnosed later, aseptic milk sam-
ples were taken to identify the pathogens. Considering pathogen types [contagious
pathogens: Staphylococcus (S.) aureus, Gram-positive (GP) environmental patho-
gens, and Gram-negative (GN) environmental pathogens + mastitis with no de-
tectable pathogens (NDP)] separately, stepwise logistic regression was used to
analyse the relation between the potential prognostic value of hormones and me-
tabolites and mastitis outbreak. Only the elevated (≥ 1.00 mmol/l) serum β-
hydroxybutyrate (BHB) levels predisposed the cows to mastitis in the subsequent
4 weeks. This prognostic value of BHB was significant only in GN + NDP masti-
tis and in cases caused by GP environmental pathogens, but not in S. aureus mas-
titis (odds ratio: 5.333, 3.600 and 1.333, respectively).
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Several epidemiological studies have clearly demonstrated interrelations
between the decompensated forms (fatty liver, ketosis) of postpartum (pp) nega-
tive energy balance (NEB) and the diminished capacity of intramammary and
intrauterine defence mechanisms resulting in increased incidence of clinical
mastitis and metritis (Schukken et al., 1988; Valde et al., 1997; Washburn et al.,
2002). This increased incidence of mastitis and bacterial complications in uterine
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involution seems to be associated mainly with the periparturient impairments in
leukocyte migration and function resulting from elevated levels of β-hydroxy-
butyrate (BHB) and/or non-esterified fatty acids (NEFA), as well as from other
metabolic changes in the early weeks of lactation (Klucinski et al., 1988a, b;
Kremer et al., 1993b; Cai et al., 1994; Sartorelli et al., 1999; Suriyasathaporn et
al., 1999; Sartorelli et al., 2000; Zerbe et al., 2000; Suriyasathaporn et al., 2000;
Kimura et al., 2002).

Despite their expected clinical relevance, however, we can only hardly
find well-controlled prospective field trials studying the hyperketonaemia-related
predisposition for mastitis in commercial dairy herds. In the mid- to late 1990s
series of studies were carried out in some large-scale dairy units in Hungary in
order to determine whether pp hyperketonaemia was a real predisposing factor
for mastitis. In the current report we wish to present these findings.

Materials and methods

Farm conditions and animals

The experiment was conducted in 4 commercial large-scale dairy herds
with about 500 to 1850 Holstein Friesian cows and their crosses in each, yielding
about 7000–8300 kg fat-corrected milk per cow in average. Each farm had its
mastitis control program including the regular, once-a-month checking of so-
matic cell count (SCC) in individual bulk milk samples. All herds had been pro-
ducing extra-quality milk of low (< 400,000/ml) SCC for many years. In all of
these herds the cows were kept in a free housing system with no possibility for
pasturing and individual feeding, in groups of 70 to 100 animals formed in ac-
cordance with their stage of lactation and their monthly checked actual daily
milk yield. In the sheds straw-bedded resting place was provided for the animals.
Dry cows were housed separately and they calved in maternity units in groups of
3–4 animals. Separated groups were formed for fresh-milking heifers and cows.
All the cows were milked three times (about > 30 kg milk/day) or twice (about
< 30 kg milk/day) a day in a milking house with BouMatic type machinery
(Herds A, B and C), or twice only in a milking house equipped with Alfa-Laval
technology (Herd D). The clinical condition of the udder was checked at all
milking procedures. If any mastitis-related signs (Table 1) were seen, the cow
was separated and treated with antimicrobials. The daily ration was made up
from ensilaged maize and alfalfa products, alfalfa and grass hay and cereals
completed with vitamins and minerals, in accordance with the NRC (1989) rec-
ommendations.
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Table 1

Recording and scoring the clinical signs of mastitis (after Pyörälä and Syvajarvi, 1987)

Score 1 Score 2 Score 3

Systemic signs None Rectal temperature:
≤ 40.5 °C and/or slight
anorexia and depression

Rectal temperature: > 40.5 °C
and/or severe anorexia and
depression, or recumbency

Local signs None Moderate swelling +
tenderness of the affected
quarter(s)

Severe swelling, firmness,
the quarter very sore to
touch

Milk appearance Normal Slightly watery, discoloured,
and/or clots and flakes

Consistency serum-like,
pus-like and/or bloody

All of the ≥ 2 parity cows which (1) yielded low (< 400,000/ml) SCC in-
dividual bulk milk continuously and were free from the clinical signs of chronic
recurrent mastitis in their previous lactation (furthermore in Herds B and C: did
not show positivity in any of their udder quarters by the California Mastitis Test
in the first 1–3 days pp), and (2) calved within the pre-selected periods of the
study (Herds A and B: October to November, 1996; Herd C: May to June, 1997;
Herd D: July to August, 1998 and 1999) were involved in the trial, unless they
needed veterinary intervention at calving, calved twins, and/or showed clinical
symptoms of parturient paresis, hepatic injuries or mastitis before the onset of
the sampling procedure.

Design of sampling. Clinical examination and scoring of mastitis

The farms were visited twice a week and all the cows (n = 335) that had
calved 1 to 3 days before and met the above criteria were enrolled in the study. A
blood sample was taken from each of them immediately for assaying certain
hormones, metabolites and enzymes known to be related to energy metabolism
and liver function. Also the onset of ovarian activity of cows was monitored by
individual progesterone profiles, but the introduction of this procedure and their
results are not the subject of the current report.

When later clinical symptoms of mastitis (Table 1) were observed, the af-
fected cow was separated immediately. The date of outbreak and the severity of
symptoms were recorded and scored on a scale from 1 (no changes) to 3 (severe
reaction) as described by Pyörälä and Syvajarvi (1987) (Table 1), and aseptic
milk samples were taken to isolate and identify the mastitis pathogens. As treat-
ment, commercially available cephalosporin-containing preparations (235 mg of
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cephacetrile sodium1 or 250 mg of cefoperazone2) were administered locally
once a day for 1–4 days. When more than one quarters were affected simultane-
ously, or after a temporary clinical recovery symptoms of mastitis were observed
again, the cow was evaluated only if the same pathogen was isolated from the
different quarters or occurrences.

Technical aspects of sampling. Laboratory procedures

To assay the basal concentrations of cortisol, 3,3',5-triiodothyronine (T3),
thyroxine (T4), insulin and insulin-like growth factor-I (IGF-I), furthermore the
circulating levels of glucose, acetoacetic acid (AcAc), BHB, NEFA, total cho-
lesterol (TCh) and urea, as well as the activity of aspartate aminotransferase
(AST) enzyme, blood samples were collected on Days 1 to 3 after calving. All
these samples were taken from the jugular vein into heparinised and sodium fluo-
ride containing tubes (the latter one for glucose determination) about 60 min af-
ter the morning milking (e.g. just before the morning feeding). The blood sam-
ples were centrifuged within 30 min, and the plasma was kept at +4 °C and as-
sayed within 24 h (for glucose), or was stored frozen at –20 °C until the other
hormone and metabolite determinations (Tables 2 and 3).

The aseptic milk samples taken for bacteriology were stored at –20 °C and
transported to the lab twice a week. Mastitis pathogens were isolated according
to Honkanen-Buzalski and Seuna (1995). From each sample 0.01 ml milk was
streaked onto the surface of one-fourth plate of 90 mm Columbia agar3 contain-
ing 5% sheep blood and 0.01% esculin. All the plates were incubated at 37 °C,
and were evaluated after 14 to 16 h and again following an additional 24 h. The
colonies were tentatively identified according to their morphology, pigment pro-
duction, Gram staining, catalase test and the type of haemolysis produced. The
pure cultures were identified based on the recommendations of Quinn et al.
(1994) and Honkanen-Buzalski and Seuna (1995). If no bacteria were isolated,
the case was considered as mastitis caused by not detectable pathogens (thereaf-
ter: NDP mastitis).

Data evaluation

In the current report data of cows with and without clinical mastitis in the
first 28 days after calving are compared.

In accordance with the literature (Bruss, 1997) 1.00 mmol/l of BHB level
was estimated as a borderline between hyperketonaemic (≥ 1.00 mmol/l) and
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normoketonaemic (< 1.00 mmol/l) conditions. The diagnosis of acute putrid en-
dometritis (APE) was based on the presence of malodorous, reddish-brown, wa-
tery vaginal discharge with or without toxic general symptoms (anorexia, leth-
argy, decreased rumen motility, elevated temperature) on Days 6–12 after calving.

The results were subjected to chi-squared test (distributions), Student’s t-
test (pair-wise comparison of group means) or one-way analysis of variance
(ANOVA) (comparison of ≥ 3 groups). The statistical significance of differences
between means of ≥ 3 groups was estimated by calculating the least significant
difference (LSD) (Kleinbaum and Kupper, 1978; Juvancz and Paksy, 1981). For
estimation of prognostic value attributable to circulating hormone and metabolite
levels being above/below a certain threshold the odds ratio was calculated. Con-
sidering pathogen types 1 (contagious pathogens: S. aureus), 2 [Gram-positive
(GP) environmental pathogens], and 3 [Gram-negative (GN) environmental
pathogens + NDP mastitis; for further details see also Table 4] separately, stepwise
logistic regression was used to analyse the relation between potential prognostic
factors (hormone and metabolite levels) and mastitis outbreak. The cases of masti-
tis combined with APE were evaluated separately in the same way, but (due to the
limited number of cases) regardless of the type of the isolated mastitis pathogens.
Analyses were done using the statistical package SPSS for Windows 8.0.

Results

One hundred and forty-six of the 333 cows had mastitis in the first 28 days
after calving (identified pathogens: Table 4). Eleven of them died or were emer-
gency slaughtered, and in further 49 of them also APE was diagnosed on Days
6–12 after calving. In the affected quarters of these 49 cows mainly environ-
mental pathogens were identified (n = 32), or no pathogens were detected (NDP
mastitis, n = 12), while contagious pathogens represented by S. aureus were
found only in 5 of them. Only one of the 189 non-mastitic cows was affected by
APE.

The cows with GN or NDP mastitis usually showed more severe clinical
symptoms than those with GP mastitis (Table 5). In the severity of symptoms,
however, no significant differences were found between the cases observed in
the first vs. the second 2-week-long periods.

On Days 1–3 after calving the cows affected by mastitis in the subsequent
4 weeks (as a single disease or in combination with APE) were characterised by
significantly more elevated AcAc, BHB and NEFA, and lower IGF-I, T4 and T3
levels than their non-mastitic herd-mates (Table 6). No similar mastitis-related
differences were detected, however, in AST activity and in glucose, TCh, urea,
cortisol and insulin concentrations. These metabolic and endocrine differences
derived mainly from data of cows infected with GP [coagulase-negative staphy-
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lococci, Streptococcus (Str.) dysgalactiae, Str. uberis, and other Str.] and GN (E.
coli and Klebsiella spp.) environmental pathogens, plus from cases of NDP mas-
titis, rather than from those with S. aureus mastitis (Table 7). In the first 4 weeks
of lactation S. aureus mastitis occurred almost at the same rate in the hyperketo-
naemic as in the normoketonaemic cows. However, the incidence of mastitis
caused by GP and GN environmental pathogens plus of those with NDP was sig-
nificantly higher among the hyperketonaemic than normoketonaemic individuals
(Fig. 1). In mastitis caused by environmental pathogens clear hyperketonaemia-
related predisposition was verified also by calculating the odds ratio (Table 8).
The hyperketonaemia-based prediction was more pronounced in GN plus NDP
than in GP mastitis, and it was quite obvious also in cows with mastitis plus
APE. However, no significant forecasting value was attributable to BHB eleva-
tion in S. aureus mastitis, and despite the differences in Day 1–3 mean concen-
trations the odds ratio could not confirm the predictive value of any of the other
endocrine or metabolic parameters either (no details are given). Retained fetal
membrane, however, was a more important predisposing factor for mastitis plus
APE than hyperketonaemia (Table 8). The severity of clinical symptoms were
not influenced by hyperketonaemia (data not shown).

Fig. 1. The β-hydroxybutyrate-related distribution of mastitic cases caused by S. aureus, Gram-
positive and Gram-negative environmental pathogens plus those with no detectable pathogens

(NDP) in the first 4 weeks of lactation in Experiment 1. (Note: 5, 7 and 12, as well as 0, 11 and 14
of these cases were affected also by acute putrid endometritis in the normoketonaemic and hyper-

ketonaemic cows, respectively. IMI: intramammary infection)

Discussion

In the current trial we investigate the clinical relevance of metabolic predis-
position to mastitis in group-fed pp dairy cows. Concerning the metabolic aspects
the supposed predictive value of elevated ketone (BHB, AcAc) levels and other
metabolic and endocrine parameters indicating the existence and degree of NEB
was studied in the earliest pp days. The chosen cut-off level of 1.00 mmol/l BHB



ENERGY IMBALANCE RELATED PREDISPOSITION TO MASTITIS IN COWS 415

Acta Veterinaria Hungarica 51, 2003

in plasma between hyperketonaemic (≥ 1.00 mmol/l) and normoketonaemic
(< 1.00 mmol/l) conditions was in agreement with the literature (Bruss, 1997), and
was accepted also by others (Sartorelli et al., 2000) in similar trials. In model
studies plasma levels of BHB < 0.80, 0.8–1.60 and ≥ 1.60 mmol/l were considered
as low, medium and high concentrations, respectively (Suriyasathaporn et al.,
1999). The same border in plasma AcAc is about 0.35 mmol/l (Bruss, 1997; Sar-
torelli et al., 2000). However, due to its analytical uncertainties AcAc is considered
usually as a less expensive, but also less reliable parameter (Bruss, 1997).

The endocrine, metabolic and immune responses of high-yielding dairy
cows to pp NEB (Suriyasathaporn et al., 2000) are known to have clear age-
related differences. To avoid this source of variance only 2nd parity and older
cows were involved.

This study was intended to extend to almost all sorts of intramammary in-
fections including the predominant contagious microbe of S. aureus, as well as
the most important GP and GN environmental pathogens. However, in the early
weeks of lactation GN bacteria may be the predominant mastitis pathogens in
herds producing milk of low (< 150,000–250,000/ml) SCC (Hogan et al., 1989;
Schukken et al., 1989; Green et al., 1996; Miltenburg et al., 1996; Beaudeau et
al., 2002; Peeler et al., 2002), as well as their prevalence is known to increase
also in the spring and summer months (Sandholm and Pyörälä, 1995; Zerocelli
and Piccinini, 2002), mainly in cows heavily and persistently contaminated with
faeces (Ward et al., 2002). So this trial was carried out in large-scale dairy herds
producing low SCC milk for many years, individuals with healthy udder were
involved, and most of the sampling series were conducted in seasons supposed to
provide the most suitable environmental conditions for GN pathogens. Due to
these restrictions, however, these data cannot be suitable for the estimation of the
average incidence of the main mastitis pathogens in these herds.

In all of our previous studies the endocrine and metabolic alterations seen
in cows with GN mastitis were very close to our corresponding findings in NDP
mastitis (Jánosi, 2002). In accordance with the literature (Carroll et al., 1973;
Barrow and Hill, 1989; Honkanen-Buzalski, 1995; Sandholm and Pyörälä, 1995;
Fang and Pyörälä, 1996) we think that at the beginning the overwhelming part of
these inflammatory processes were induced by intracisternal GN (mainly E. coli)
infections, but before sampling the original pathogens were eliminated by the
self-defence mechanisms of the udder. So due to this supposed endotoxin-
derived character of this process in the current trial we pooled the data of cows
with GN and NDP mastitis in order to reach the sufficient number of cows for
reliable statistical evaluation. The other important prerequisite (Honkanen-
Buzalski, 1995; Pyörälä, 1995) allowing us this pooling was that cows with
chronic recurrent mastitis in their previous lactation were not included in this
study.
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Endocrine assay procedures

Hormone Technique Kit/Literature Sensitivity Intraassay CV Interassay CV

Hormones from blood (heparinised plasma) samples*

Cortisol 3H-RIA Csernus (1982) 0.27 nmol/l 3.2–8.7% ≤ 10.3%

Thyroxine (T4) 125I-RIA 125I-T4-Spec RIA MIS kit1 0.46 nmol/l 6.6–8.5% ≤ 7.7%

3,3',5-triiodothyronine (T3) 125I-RIA 125I-T3 RIA MIS kit1 0.18 nmol/l 6.2–8.8% ≤ 6.7%

Samples from Herds A–B:
125I-Insulin RIA PEG kit2 1.94 µIU/ml 7.7–10.2% ≤ 12.3%

Insulin 125I-RIA

Samples from Herds C–D:
125I-Insulin RIA CT kit3 1.88 µIU/ml 5.5–8.4% ≤ 8.8%

Samples from Herds A–B:
Nap et al. (1993)4 0.25 nmol/l 3.6–6.5% ≤ 12.5%

Insulin-like growth
factor-I (IGF-I)

After ethanol-
acetic acid extrac-
tion, with 125I-RIA

Samples from Herds C–D:
Nikolic et al. (2001) 0.24 nmol/l 3.0–6.0% ≤ 12.0%

1Institute of Isotopes Co. Ltd. (Budapest, Hungary); 2With the 125I-Insulin RIA PEG kit of the Institute of Isotopes Co. Ltd. (Budapest, Hungary);
3With the 125I-Insulin RIA CT kit of CIS Bio International Ltd. (Gif-Sur-Yvette, France); 4The method was slightly modified and validated for as-
saying IGF-I in bovine plasma (Dieleman, unpublished); *All methods were validated for assaying bovine plasma systems previously. The binding
pattern of serially diluted bovine samples was parallel to that of the standard curves, and the recovery of added hormones from bovine plasma var-
ied between 94 and 106%
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Table 3: Colorimetric assay procedures used for determination of metabolites in plasma samples

Parameter Technique Kit / Literature

Aspartate aminotransferase (AST) IFCC, UV method* Reanal Ltd., Budapest, Hungary (Kit 7249)
Glucose Enzymatic (GOD-POD) reaction* Diagnosticum Ltd., Budapest, Hungary (Kit 40841)
Acetoacetate (AcAc) Salicylaldehyde reaction Walker (1954)
β-hydroxybutyrate (BHB) β-hydroxybutyrate dehydrogenase reaction* Sigma Diagnostics Co., (Kit 310-A)
Non-esterified fatty acid (NEFA) Extraction of their colored soaps Noma et al. (1973)
Total cholesterol (TCh) Enzymatic (CHOD-PAP) reaction* Diagnosticum Ltd., Budapest, Hungary (Kit 40121)
Urea Enzymatic (urease) reaction Reanal Ltd., Budapest, Hungary (Kit 16571)

*Measured on an automated clinicochemical analyser (Eppendorf ACP 5040)

Table 4: Isolated and identified mastitis pathogens

Mastitis on Day ≤ 28

Mastitis as a single diseaseMastitis
with APE Lost♦ Days 1–14 Days 15–28

Gram-positive (GP) contagious pathogens:
S. aureus 5 2 17 6

Gram-positive (GP) environmental pathogens
Coagulase-negative staphylococci 1 7 1
Str. dysgalactiae 4 4 1
Str. uberis 9 1 8 6
Other (faecal) streptococci 4 1

Gram-negative (GN) environmental pathogens
E. coli 14 4 14 8
Klebsiella

No detectable pathogen (NDP) 12 4 8 5
All 49 11 59 27

APE: acute putrid endometritis diagnosed on Days 6–12; ♦Lost: number of cows that died or were emergency slaughtered due to
mastitis
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Severity of clinical symptoms in mastitis caused by various pathogens as a single disease in the first and second 2-week periods after calving

Score ofRectal
temperature,

°C systemic signs local signs milk appearance altogether

Mastitis on Days 1–14 GP (n = 40) x ± SD 39.7 ± 0.6 1.4 ± 0.7 1.8 ± 0.7 2.1 ± 0.3 5.2 ± 1.4
GN + NDP (n = 30) x ± SD 40.7 ± 0.8 2.7 ± 0.5 2.4 ± 0.6 2.4 ± 0.5 7.4 ± 1.3
P < 0.001 0.001 0.001 0.05 0.001

Mastitis on Days 15–28 GP (n = 14) x ± SD 39.5 ± 0.7 1.6 ± 0.6 1.8 ± 0.7 2.1 ± 0.4 5.5 ± 1.5
GN + NDP (n = 13) x ± SD 40.4 ± 0.5 2.5 ± 0.7 2.5 ± 0.5 2.4 ± 0.5 7.3 ± 1.3
P < 0.001 0.01 0.01 ns 0.01

GN: Gram-negative; GP: Gram-positive; NDP mastitis: mastitis with no detectable pathogens; ns: non-significant

Table 6

The Day 1–3 levels of certain metabolites and hormones in plasma of non-mastitic cows and of those with mastitis on Days 1–14 and Days 15–28,
as a single disease, or in combination with acute putrid endometritis (APE)

AcAc
(mmol/l)

BHB
(mmol/l)

NEFA
(mmol/l)

IGF-I
(nmol/l)

T4

(nmol/l)
T3

(nmol/l)

Non-mastitic (n = 189) x ± SD 0.132 ± 0.086 0.89 ± 0.56 0.358 ± 0.217 4.72 ± 1.77 28.84 ± 9.35 1.18 ± 0.29
Mastitis, D 1–14 (n = 70) x ± SD 0.150 ± 0.114 1.12 ± 0.58 0.447 ± 0.221 3.99 ± 1.57 25.54 ± 6.02 1.10 ± 0.18
Mastitis, D 15–29 (n = 27) x ± SD 0.273 ± 0.394 1.18 ± 0.50 0.454 ± 0.261 4.02 ± 1.59 26.68 ± 5.08 1.10 ± 0.19
Mastitis + APE (n = 49) x ± SD 0.157 ± 0.124 1.15 ± 0.68 0.436 ± 0.219 4.12 ± 1.50 25.69 ± 6.48 1.11 ± 0.22

F = 7.33 5.22 4.21 4.56 4.01 2.52
LSD(P < 0.05) = 0.054 0.21 0.082 0.62 2.99 0.09
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Table 7

The Day 1–3 levels of certain metabolites and hormones in plasma of mastitic cows affected by contagious pathogens (S. aureus) vs. environmental
pathogens plus NDP on Days 1–14 [including the data of those with acute putrid endometritis (APE)]

AcAc
(mmol/l)

BHB
(mmol/l)

IGF-I
(nmol/l)

T4

(nmol/l)
T3

(nmol/l)

Mastitis caused by S. aureus (n = 24) x ± SD 0.094 ± 0.076 0.80 ± 0.34 4.52 ± 1.58 27.17 ± 7.25 1.22 ± 0.22

Mastitis caused by GP +
GN environmental pathogens +
NDP (with or without APE) (n = 95) x ± SD 0.168 ± 0.122 1.21 ± 0.65 3.80 ± 1.55 25.19 ± 5.86 1.06 ± 0.16

P < 0.001 0.001 (0.1) (0.1) 0.01

Table 8

The predictive value of retained fetal membrane and Day-1–3 hyperketonaemia for occurrence of clinical mastitis caused by various pathogens in
the first 4 weeks of lactation (as a single disease, or in combination with acute putrid endometritis)

95% confidence interval
Odds value

Lower Upper

The predictive value of day-1–3 hyperketonaemia (e.g. BHB level: ≥ 1.00 mmol/l) for
Mastitis as a single disease, caused by

1) S. aureus 1.333 (ns) 0.585 3.041
2) GP environmental pathogens 3.600 (P < 0.01) 1.857 6.977
3) GN environmental pathogens + NDP 5.333 (P < 0.001) 2.941 9.670

Mastitis* combined with acute putrid endometritis 1.63 (P = 0.102) 0.84 3.19

The predictive value of retained fetal membrane for
mastitis* combined with acute putrid endometritis 16.20 (P < 0.001) 7.21 36.42

GN: Gram-negative; GP: Gram-positive; NDP mastitis: mastitis with no detectable pathogens; *Regardless of the isolated pathogens
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In epidemiological studies the NEB and its decompensation (hepatic lipi-
dosis and/or ketosis) were associated with an increased risk of clinical mastitis,
as well as of bacterial complications in uterine involution, such as APE (Markus-
feld, 1985; Erb and Gröhn, 1988; Schukken et al., 1988; Correa et al., 1993; Ol-
tanecu and Ekesbo, 1994; Valde et al., 1997; Washburn et al., 2002). Also the
course of an experimentally induced E. coli mastitis proved to be more severe in
ketotic than in non-ketotic individuals (Kremer et al., 1993a). This increased in-
cidence and more severe course of these bacterial diseases can be explained by
impairments in the antimicrobial self-defence mechanisms, mainly in polymor-
phonuclear granulocyte and monocyte migration and function (Cai et al., 1994;
Suriyasathaporn et al., 1999; Kimura et al., 2002).

In the current experiment we collected data on the predictive value of cer-
tain plasma metabolites and metabolic hormones. For this purpose, samples were
taken on Days 1–3 after calving and several parameters informing us on the cur-
rent stage of NEB and/or liver function were determined. The cows affected by
mastitis as a single disease or in combination with APE some days later in the
early puerperium showed more elevated AcAc, BHB and NEFA, and lower IGF-
I, T4 and T3 levels than those which remained healthy during the first 4 weeks
after calving. This tendency related to a more severe form of energy imbalance
(Haraszti et al., 1982; Kunz et al., 1985; Ronge et al., 1988; Giger et al., 1997;
Blum et al., 2000), and derived mainly from parameters of mastitic cows infected
with GP and GN environmental pathogens or affected by NDP mastitis. In addi-
tion, just after calving the data of cows with S. aureus intramammary infection
were very close to their healthy herd-mates. By calculating the odds ratio we
could attribute significant predictive value only to the elevation of BHB, but not
to any other NEB-related changes in circulating levels of hormones and metabo-
lites. This predictive value was highly significant for GN microbes, slightly less
obvious for GP environmental pathogens and questionable, if any, for contagious
pathogens. Also a certain BHB-associated susceptibility was observed to mastitis
combined with APE (although this hyperketonaemia-related predisposition was
less obvious than the effect of retained fetal membrane). Due to the limited num-
ber of these cases, however, we could not estimate the degree of BHB-related
predisposition for separated groups of pathogens. Based on these findings we
suppose that in the early weeks of lactation the hyperketonaemia, rather than the
NEB itself, predisposes the cow to mastitis. The pathogen-dependent character of
this predisposition may be explained by differences in mechanisms by which the
udder can prevent and/or eliminate the various forms of microbial infections.
Hyperketonaemia may depress mainly those components of the antimicrobial
self-defence which are responsible for the destruction of invading environmental
pathogens stuffed into the cisternal system and/or into the lactiferous ducts. S.
aureus, however, is able to actively colonise the teat apex, first of all in cases of
epithelial injury. Following their adhesion these bacteria can adapt to the milk
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environment, forming a mucopolysaccharide capsule to avoid phagocytosis. Af-
ter penetration through the teat barrier into the cistern the invading pathogen is
able to adhere to milk fat globules and can float upwards in the udder (Pyörälä,
1995). In accordance with the literature (Pyörälä, 1995; Zadoks et al., 2001) we
think that several other factors [e.g. some kind of lowered resistance: change of
environmental temperature, virus infection (bovine herpesvirus 4 and others), re-
covery from a preceding mastitis, other infected quarter(s) of the same cow, ex-
tremely callused teat ends, and epithelial erosions in particular] rather than the
hyperketonaemia-related impairments in leukocyte function seem to be the pri-
mary factors predisposing the cow to S. aureus mastitis. The machine milking
associated teat-end condition (callosity) may be an important constituent of the
predisposition also in case of environmental pathogens (Neijenhuis et al., 2001).
However, in the latter group a protective effect is attributed to the presence of
monocytes and polymorphonuclear granulocytes in the milk of the teat cistern:
also their functional capacity may play a significant role in the rapid elimination
of invading pathogens, and so in diminishing the clinical consequences of the
intramammary infection (Beaudeau et al., 2002). In the early days of lactation
these components of the self-defence mechanisms must have been decreased by
hyperketonaemia.

In summary, our results clearly demonstrate the predisposing role of hy-
perketonaemia to mastitis caused by environmental (mainly by GN) pathogens.
However, as compared to the importance of teat-end lesions and other factors the
hyperketonaemia-related predisposition to S. aureus mastitis seems to be negli-
gible in group-fed high-yielding pp dairy cows.

Acknowledgements

The authors thank Th. Blankenstein (Utrecht), B. Budai, I. Kiss and I. Simon-
Czigány (Budapest) for their valuable technical assistance. The financial support re-
ceived from the Hungarian Scientific Research Fund (project numbers: OTKA-T/016 473
and OTKA-T/034 435) is gratefully acknowledged.

References

Barrow, P. A. and Hill, A. W. (1989): The virulence characteristics of strains of Escherichia coli
isolated from cases of bovine mastitis in England and Wales. Vet. Microbiol. 20, 35–41.

Beaudeau, F., Fourichon, C., Seegers, H. and Bareille, N. (2002): Risk of clinical mastitis in dairy
herds with a high proportion of low individual milk somatic cell count. Prev. Vet. Med. 53,
43–54.

Blum, J. W., Bruckmaier, R. M., Vacher, P.-Y., Münger, A. and Jans, F. (2000): Twenty-four-hour
patterns of hormones and metabolites in weeks 9 and 19 of lactation in high-yielding dairy
cows fed triglycerides and free fatty acids. J. Vet. Med. A 47, 43–60.



422 JÁNOSI et al.

Acta Veterinaria Hungarica 51, 2003

Bruss, M. L. (1997): Lipids and ketones. In: Kaneko, J. J., Harvey, J. W. and Bruss, M. L. (eds)
Clinical Biochemistry of Domestic Animals. Academic Press, San Diego. pp. 83–115.

Cai, T. Q., Weston, P. G., Lund, L. A., Brodie, B., McKenna, D. J. and Wagner, W. C. (1994): As-
sociation between neutrophil functions, and periparturient disorders in cows. Am. J. Vet.
Res. 55, 934–943.

Carroll, E. J., Jain, N. C., Schalm, O. W. and Lasmanis, J. (1973): Experimentally induced coli-
form mastitis: inoculation of udders with serum sensitive and serum-resistant organisms.
Am. J. Vet. Res. 34, 1143–1147.

Correa, M. T., Erb, H. N. and Scarlett, J. (1993): Path analysis for seven postpartum disorders of
Holstein cows. J. Dairy Sci. 76, 1305–1315.

Csernus, V. (1982): Antibodies of high affinity and specificity for RIA determination of progester-
one, testosterone, estradiol-17β and cortisol. In: Görög, S. (ed.) Advances in Steroid
Analysis I. Akadémiai Kiadó, Budapest, Hungary.

Erb, H. N. and Gröhn, Y. T. (1988): Epidemiology of metabolic disorders in the periparturient
dairy cow. J. Dairy Sci. 71, 2557–2571.

Fang, W. and Pyörälä, S. (1996): Mastitis-causing Escherichia coli: serum sensitivity and suscepti-
bility to selected antibacterials in milk. J. Dairy Sci. 79, 76–82.

Giger, R., Faissler, D., Busato, A., Blum, J. and Küpfer, U. (1997): Blutparameter während der
Frühlaktation in Beziehung zur Ovarfunktion bei Milchkühen. Reprod. Dom. Anim. 32,
313–319.

Green, M. J., Green, L. E. and Cripps, P. J. (1996): Low bulk milk somatic cell counts and endo-
toxin-associated (toxic) mastitis. Vet. Rec. 138, 305–306.

Haraszti, J., Huszenicza, Gy., Molnár, L. and Horkai, B. (1982): Veränderungen gewisser metabo-
lischer Blutparameter ante partum und ihre Bedeutung zur Vorhersage der postpartalen
Fortpflanzungs-Chancen. Dtsch. tierärztl. Wschr. 89, 357–361.

Hogan, J. S., Smith, K. L., Hoblet, K. H., Schoenberger, P. S., Todhunter, D. A., Hueston, W. D.,
Pritchard, D. E., Bowman, G. L., Heider, L. E., Brockett, B. L. and Conrad, H. R. (1989):
Field survey of clinical mastitis in low somatic cell count herds. J. Dairy Sci. 72, 1547–1556.

Honkanen-Buzalski, T. (1995): Sampling technique, transportation and history. In: Sandholm, M.,
Honkanen-Buzalski, T., Kaartinen, L. and Pyörälä, S. (eds) The Bovine Udder and Masti-
tis. Faculty of Veterinary Medicine, University of Helsinki. pp. 111–114.

Honkanen-Buzalski, T. and Seuna, E. (1995): Isolation and identification of pathogens from milk.
In: Sandholm, M., Honkanen-Buzalski, T., Kaartinen, L. and Pyörälä, S. (eds) The Bovine
Udder and Mastitis. Faculty of Veterinary Medicine, University of Helsinki. pp. 121–142.

Jánosi, Sz. (2002): New data to the pathophysiology, clinics and therapy of bovine mastitis. PhD
Dissertation. Szent István University, Faculty of Veterinary Science, Budapest.

Juvancz, I. and Paksy, A. (1982): Medical Biometry (in Hungarian). Medicina Kiadó, Budapest,
Hungary.

Kimura, K., Goff, J. P., Kehrli, E., Jr. and Reinhardt, T. A. (2002): Decreased neutrophil function
as a cause of retained placenta in dairy cattle. J. Dairy Sci. 85, 544–550.

Kleinbaum, D. G. and Kupper, L. L. (1978): Applied regression analysis and other multivariable
methods. Duxbury Press, North Scituate, MA, USA.

Klucinski, W., Miernik-Degorska, E., Degorski, A., Targowski, S. and Winnicka, A. (1988a): Ef-
fect of ketone bodies on the mitogenic response of bovine milk lymphocytes. J. Vet. Med.
A 35, 626–631.

Klucinski, W., Degorski, W., Miernik-Degorska, E., Targowski, S. and Winnicka, A. (1988b): Ef-
fect of ketone bodies on the phagocytic activity of bovine milk macrophages, and poly-
morphonuclear leukocytes. J. Vet. Med. A 35, 632–639.

Kremer, W. D. J., Burvenich, C., Noordhuizen-Stassen, E. N., Grommers, F. J., Schukken, Y. H.,
Heeringa, R. and Brand, A. (1993a): Severity of experimental Escherichia coli mastitis in
ketonaemic and nonketonaemic dairy cows. J. Dairy Sci. 76, 3428–3436.



ENERGY IMBALANCE RELATED PREDISPOSITION FOR MASTITIS IN COWS 423

Acta Veterinaria Hungarica 51, 2003

Kremer, W. D. J., Noordhuizen-Stassen, E. N., Grommers, F. J., Daemen, A. J. J. M., Henricks, P.
A. J., Burvenich, C. and Brand, A. (1993b): Preinfection chemotactic response of blood
polymorphonuclear leukocytes to predict severity of Escherichia coli bovine mastitis. J.
Dairy Sci. 76, 2514–2518.

Kunz, P. L., Blum, J. W., Hart, I. C., Bickel, H. and Landis, J. (1985): Effects of different energy
intake before and after calving on food intake, performance and blood hormones and me-
tabolites in dairy cows. Anim. Prod. 40, 219–231.

Markusfeld, O. (1985): Relationship between overfeeding, metritis and ketosis in high yielding
dairy cows. Vet. Rec. 116, 489–491.

Miltenburg, J. D., de Lange, D., Crauwels, A. P. P., Bongers, J. H., Tielen, M. J. M., Schukken, Y.
H. and Elbers, A. R. W. (1996): Incidence of clinical mastitis in a random sample of dairy
herds in the southern Netherlands. Vet. Rec. 139, 204–207.

Nap, R. C., Mol, J. A. and Hazewinkel, H. A. W. (1993): Age-related plasma concentrations of
growth hormone and insulin-like growth factor-I in Great Dane pups fed different dietary
levels of protein. Dom. Anim. Endocr. 10, 237–247.

Neijenhuis, F., Barkema, H. W., Hogeveen, H. and Noordhuizen, J. P. T. M. (2001): Relationship
between teat-end callosity and occurrence of clinical mastitis. J. Dairy Sci. 84, 2664–2672.

Nikolic, J. A., Nedic, O., Samanch, H., Aleksic, S., Miscevic, B. and Kulcsár, M. (2001): Periph-
eral circulating insulin-like growth factor-I and II in cattle. Acta Vet. Hung. 49, 53–63.

Noma, A., Okabe, H. and Kita, M. (1973): Colorimetric microdetermination of non-esterified fatty
acids in diabetic ketosis. Clin. Chem. Acta 43, 314–316.

NRC (1989): Nutrient requirements of dairy cattle. 6th rev. edn. Natl. Acad. Sci., Washington, D.C.
Oltanecu, P. A. and Ekesbo, I. (1994): Epidemiological study of clinical mastitis in dairy cattle.

Vet. Res. 25, 208–212.
Peeler, E. J., Green, M. J., Fitzpatrick, J. L. and Green, L. E. (2002): Study of clinical mastitis in

British dairy herds with bulk milk somatic cell counts less than 150,000 cells/ml. Vet. Rec.
151, 170–176.

Pyörälä, S. (1995): Staphylococcal and streptococcal mastitis. In: Sandholm, M., Honkanen-
Buzalski, T., Kaartinen, L. and Pyörälä, S. (eds) The Bovine Udder and Mastitis. Faculty of
Veterinary Medicine, University of Helsinki. pp. 143–148.

Pyörälä, S. and Syvajarvi, J. (1987): Bovine acute mastitis. Part I. Clinical aspects and parameters
of inflammation in mastitis caused by different pathogens. J. Vet. Med. B 34, 573–584.

Quinn, P. J., Carter, M. E., Markey, B. and Carter, G. R. (1994): Clinical Veterinary Microbiology.
Mosby-Year Book Europe Limited Publ., London.

Ronge, H., Blum, J., Clement, C., Jans, F., Leuenberger, H. and Binder, H. (1988): Somatomedin C
in dairy cows related to energy and protein supply and to milk production. Anim. Prod. 47,
165–183.

Sandholm, M. and Pyörälä, S. (1995): Coliform mastitis. In: Sandholm, M., Honkanen-Buzalski,
T., Kaartinen, L. and Pyörälä, S. (eds) The Bovine Udder and Mastitis. Faculty of Veteri-
nary Medicine, University of Helsinki. pp. 149–160.

Sartorelli, P., Paltrinieri, S. and Agnes, F. (1999): Non-specific immunity and ketone bodies I. In
vitro studies on chemotaxis and phagocytosis of ovine neutrophils. J. Vet. Med. A 46, 613–
619.

Sartorelli, P., Paltrinieri, S. and Comazi, S. (2000): Non-specific immunity and ketone bodies II. In
vitro studies on adherence and superoxide anion production in ovine neutrophils. J. Vet.
Med. A 47, 1–8.

Schukken, Y. H., Erb, H. N. and Smith, R. D. (1988): The relationship between mastitis and re-
tained placenta in a commercial population of Holstein dairy cows. Prev. Vet. Med. 5,
181–190.

Schukken, Y. H., Grommers, F. J., van de Geer, D. and Brand, A. (1989): Incidence of clinical
mastitis on farms with low somatic cell counts in bulk milk. Vet. Rec. 125, 60–63.



424 JÁNOSI et al.

Acta Veterinaria Hungarica 51, 2003

Suriyasathaporn, W., Daemen, A. J. J. M., Noordhuizen-Stassen, E. N., Dieleman, S. J., Nielen, M.
and Schukken, Y. H. (1999): Beta-hydroxybutyrate levels in peripheral blood, and ketone
bodies supplemented in culture media affect the in vitro chemotaxis of bovine leukocytes.
Vet. Immunol. Immunopathol. 68, 177–186.

Suriyasathaporn, W., Heuer, C., Noordhuizen-Stassen, E. and Schukken, Y. H. (2000): Hyperketo-
naemia and the impairment of udder defense: A review. Vet. Res. 31, 397–412.

Valde, J. P., Hird, D. W., Thormond, M. C. and Osteras, O. (1997): Comparison of ketosis, clinical
mastitis, somatic cell count, and reproductive performance between free stall and tie stall
barns in Norwegian dairy herds with automatic feeding. Acta Vet. Scand. 38, 181–192.

Walker, P. G. (1954): A colorimetric method for the estimation of acetoacetate. Biochem. J. 58,
699–700.

Ward, W. R., Hughes, J. W., Faull, W. B., Cripps, P. J., Sutherland, J. P. and Sutherst, J. E. (2002):
Observational study of temperature, moisture, pH and bacteria in straw bedding, and faecal
consistency, cleanliness and mastitis in cows in four dairy herds. Vet. Rec. 151, 199–206.

Washburn, S. P., White, S. L., Green, J. T., Jr. and Benson, G. A. (2002): Reproduction, mastitis,
and body condition of seasonally calved Holstein and Jersey cows in confinement or pas-
ture systems. J. Dairy Sci. 85, 105–111.

Zadoks, R. N., Allore, H. G., Barkema, H. W., Sampimon, O. C., Wallenberg, G. J., Gröhn, Y. T.
and Schukken, Y. H. (2001): Cow- and quarter-level risk factors for Streptococcus uberis
and Staphylococcus aureus mastitis. J. Dairy Sci. 84, 2649–2663.

Zerbe, H., Schneider, N., Leibold, W., Wensing, T., Kruip, T. A. M. and Schuberth, H. J. (2000):
Altered functional and immunophenotypical properties of neutrophil granulocytes in post-
partum cows associated with fatty liver. Theriogenology 54, 771–786.

Zerocelli, A. and Piccinini, R. (2002): Intramammary infections: epidemiology and diagnosis. In:
Kaske, M., Scholz, H. and Höltershinken, M. (eds) Recent Developments and Perspectives
in Bovine Medicine. Keynote lectures of the XXIInd World Buiatrics Congress (18–23
August, 2002, Hannover, Germany). pp. 346–359.


