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ABSTRACT

The relationship between inflammation and gen-
eral health conditions in dairy cows and the link be-
tween inflammation, liver function, and fertility are 
poorly understood. To clarify these relationships, 120 
multiparous dairy cows were followed throughout an 
entire lactation. Blood samples were collected during 
the first month of lactation for a metabolic profile, and 
milk yield, disease occurrence, and fertility parameters 
were monitored during the entire lactation. Twenty-
four cows were culled, and another 19 were excluded 
because they had serious problems after 30 d in milk 
(DIM) and before the first insemination. The remaining 
77 cows were pregnant at the end of lactation and were 
retrospectively grouped into quartiles based on liver 
activity index (LAI), which is based on plasma negative 
acute phase proteins. Cows in the lower (LO) and inter-
mediate lower (INLO) quartiles of LAI had more severe 
inflammations with high concentrations of haptoglobin 
(0.77 and 0.61 g/L) and globulin (42.5 and 39.0 g/L), re-
spectively, during the first week of lactation compared 
with cows in the upper (UP) and intermediate upper 
(INUP) quartiles of LAI (haptoglobin: 0.28 and 0.45 
g/L, and globulin: 34.2 and 36.9 g/L, respectively). At 7 
DIM, the cows in LO and INLO had greater bilirubine-
mia (8.7 and 10.5 vs. 6.3 μM/L in UP) and lower blood 
urea (3.5 and 3.7 vs. 4.1 mM in UP). The INLO group 
exhibited more days open (139 vs. 93) and services per 
pregnancy (2.68 vs. 1.65), but lower milk yield (38.3 
vs. 40.8 kg/d at 28 DIM) compared with UP. The LO 
group did not have a significantly lower fertility sta-
tus, but presented the lowest milk yield (34.1 kg/d at 
28 DIM). Our data suggest that cows with lower LAI 
scores had a more pronounced inflammatory status 
during the first month of lactation, an impairment of 

usual hepatic functions (e.g., bilirubin clearance), and 
a larger negative energy balance. The same cows had 
poorer performance (lower milk yield and fertility) 
than cows with higher LAI scores. Overall data sug-
gest that any effort to avoid the acute phase response 
in the transition period would be useful for optimizing 
the productive and reproductive performance of high-
yielding dairy cows.
Key words:  acute phase response, blood index, fertil-
ity, liver activity index

INTRODUCTION

The puerperium period of dairy cows is often charac-
terized by inflammatory conditions (Cappa et al., 1989). 
These conditions are likely the result of proinflamma-
tory cytokine release (Grimble, 1990). Several causes of 
proinflammatory cytokine release in dairy cows around 
parturition such as infectious or metabolic diseases, 
parasites, trauma, endotoxins from the gut, or stresses 
(Grimble, 1990) have recently been highlighted in a 
review by Drackley et al. (2005).

The potential effects of proinflammatory cytokines 
in periparturient cows can change according to the 
amount and the time of their release; however, main 
effects concern liver synthesis, nutrient partitioning, 
anorexia, and reproductive activity. The major effect 
of cytokines in liver is the stimulation of acute phase 
response (Fleck, 1989), which is characterized by induc-
tion of positive acute phase protein (+APP) synthesis, 
mostly detected in blood plasma (e.g., haptoglobin and 
ceruloplasmin) and the impairment of hepatic synthe-
sis of negative acute phase proteins (−APP), such as al-
bumin and retinol binding protein (Fleck, 1989) as well 
as apolipoproteins (Bruss, 1997). The cytokines induce 
immune stress and associated metabolic diversions 
from the normal patterns of nutrient channeling (i.e., 
assimilation for growth and development) to increase 
heat production (fever), and synthesis of unusual pro-
teins in liver and immune system tissues (Elsasser et 
al., 2000). The effect of cytokines in worsening the an-
orexic status can occur at parturition as demonstrated 
in general by Johnson and Finck (2001) and by our 
partly published data (Trevisi et al., 2002). A negative 
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interference of cytokines can occur with reproductive 
activity due to inopportune release of LH (Braden et 
al., 1998) or progesterone from adrenal glands (Trevisi 
et al., 1996a), and to a large release of PGF2α (Fredriks-
son et al., 1985).

All these effects could contribute to the impairment of 
milk yield (Bionaz et al., 2007) and fertility (Calamari 
et al., 1997; Bertoni et al., 2000), as observed in cows 
with blood abnormalities of inflammatory indices in the 
first weeks of lactation. Interestingly, lower fertility has 
been detected in cows with peripartum metabolic dis-
eases (Markusfeld et al., 1997; Beaudeau et al., 2000) 
and with infectious diseases such as mastitis (Schrick 
et al., 2001). In addition, Barton et al. (1996) reported 
that excess crude protein (high blood urea) reduces the 
reproductive efficiency only in cows with major health 
problems. Furthermore, Roche et al. (2000) concluded 
that “high reproductive efficiency in the dairy cow 
requires a disease-free transition period”; and similar 
findings were reported by Lucy (2001). Finally, the 
effects of cytokines on tissue priority for nutrients (El-
sasser et al., 2000), on DMI (Johnson and Finck, 2001), 
and on liver synthesis diversion (Fleck, 1989) can exac-
erbate the negative energy balance (Pryce et al., 2001) 
and increase the risk of liver lipidosis (Bertoni et al., 
2000; Katoh, 2002), both of which are causes of reduced 
reproductive efficiency (Butler, 2000).

The aim of our study was to evaluate the relation-
ship between inflammation, evaluated by blood indices 
around parturition, particularly those affected by liver 
activity (+APP and −APP), and health conditions as 
well as cow performance (milk yield and reproduction 
efficiency).

MATERIALS AND METHODS

Animals and Feeding System

One hundred twenty multiparous Holstein-Friesian 
dairy cows were followed throughout lactation. They 
calved in the autumn-winter season from 1999 to 2001 
and they belonged to 3 different herds in the Po Valley 
(Italy) and had good genetic merit (on average, over 9 
t/lactation; Table 1). Cows were kept in loose-housing 
stalls and divided into 4 groups: dry, close-up, fresh-
average, and late lactation. Dry cows were moved into 
the parturition pen about 7 to 10 d before expected par-
turition. Dry and lactating cows of the 3 herds were fed 
with a TMR once daily, except for the dry cows of herd 
2, which received hay ad libitum. Samples of each feed 
were taken every 2 mo for chemical (moisture, fat, CP, 
crude fiber, NDF, starch, ash) and nutritional evalu-

ation according to Martillotti et al. (1987) and NRC 
(2001), respectively. Energy and protein requirements 
were estimated according to NRC (2001). In addition, 
the feed intake of each herd (separately for dry and 
lactating cows) was estimated weekly during the trial; 
the group amounts of TMR and refusals after 24 h were 
recorded (DMI was calculated according to these data 
and to the feed analysis).

Blood Analysis

Blood was collected weekly beginning 1 to 2 wk before 
the expected date of parturition, within 24 h after par-
turition, and at 7, 14, and 28 d (±2 d) of lactation. Blood 
was collected in the morning (before TMR distribution) 
from the jugular vein into evacuated tubes containing 
Li-heparin as an anticoagulant (Vacutainer, Becton 
Dickinson, Plymouth, UK).

A small amount of blood was used for hematocrit 
(packed cell volume) determination (Centrifugette 
4203, ALC International Srl, Cologno Monzese, Italy), 
and the remainder was centrifuged within 1 h of col-
lection at 3,500 × g for 15 min; the plasma was frozen 
(−20°C) in several fractions until further analysis. 
Blood metabolites were analyzed at 37°C by using a 
clinical auto-analyzer (ILAB 600, Instrumentation 
Laboratory, Lexington, MA). Total protein, albumin, 
total cholesterol, total bilirubin, triglycerides, crea-
tinine, urea, Ca, P, Mg, aspartate aminotransferase 
(AST/GOT), γ-glutamyl transpeptidase (GGT), alka-
line phosphatase, and lactate dehydrogenase were de-
termined using kits purchased from Instrumentation 
Laboratory (IL Test). Globulin was calculated by the 
difference between total protein and albumin. Ions (Na, 
K, and Cl) were detected by the potentiometer method 
(ion-selective electrode connected to ILAB 600). Zinc, 
NEFA, haptoglobin, ΒΗΒΑ, and ceruloplasmin were 
determined using the methods previously mentioned 
(Bionaz et al., 2007). Plasma retinol was analyzed by 
the fluorimetric method described by Kahan (1971).

Milk Yield, BCS, and Health Problems

Individual milk yield was monitored weekly during 
the first month of lactation and then monthly until the 
end of lactation. The BCS was evaluated before parturi-
tion and then weekly during the first 2 mo of lactation 
according to a 5-point scale (Agricultural Development 
and Advisory Service, Alnwick, UK). In addition, oc-
currences of all health problems, drug treatments, out-
comes of the 30 DIM gynecological visit, insemination 
services, and culling causes were accurately recorded 
for each cow throughout the entire lactation.
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Data Handling and Groups

Data were retrospectively evaluated considering only 
77 of the initial 120 cows. Twenty-four cows were culled: 
14 cows had serious health problems (ketosis, mastitis, 
abomasum displacement) that occurred within the first 
30 DIM rendering impossible a proper blood check; 
the remaining 10 culled cows were infertile. This last 
small group had an unbalanced distribution among 
the farms; thus, it was a difficult group to be managed. 
Another 19 cows were excluded from the data set, even 
though they were pregnant, because of serious health 
problems in the reproductive period (from 30 DIM to 
the first insemination) that could have interfered with 
fertility. Some (63%) were characterized by clinical 
symptoms (e.g., lameness, metritis, fever), whereas the 
remaining 37% were identified for a large reduction of 
milk yield (20% or more) and a contemporary increase 
of plasma haptoglobin concentration (>0.3 g/L).

The remaining 77 pregnant cows were retrospec-
tively grouped into quartiles based on the liver activity 
index (LAI; Trevisi et al., 2001). This aggregate index 
includes the average blood level (7, 14, and 28 DIM) 
of some proteins synthesized by the liver: albumin, 
lipoproteins (indirectly measured as total cholesterol; 
Bruss, 1997), and retinol-binding protein (RBP) be-
cause the retinol released from the liver depends main-
ly on the synthesis of apo-RBP (Wolf, 1984). Data of 
these 3 blood parameters were transformed into units 

of standard deviation obtained for each cow as follows: 
the mean value of the herd population of each plasma 
parameter (albumin, total cholesterol, and RBP) was 
subtracted from each cow value at 7, 14, and 28 DIM 
and divided by the corresponding standard deviation. 
Thus, the final LAI of each cow is the result of the ar-
ithmetical mean of the 3 partial values obtained from 
the 3 selected blood indices at the 3 bleedings.

In the present study, LAI was calculated within each 
herd to include the herd effect. Subsequently, cows of 
each herd were grouped into quartiles according to the 
LAI: upper quartile (cows with the highest values of 
LAI in each of the 3 herds; UP, n = 19); intermediate up-
per quartile (group INUP, n = 19); intermediate lower 
quartile (group INLO, n = 20); and lower quartile (cows 
with the lowest values of LAI, group LO, n = 19).

To better justify the exclusion of the problem group 
of 19 pregnant cows, it must be considered that they 
had few health problems in the first 30 DIM, similar to 
the intermediate groups INUP and INLO; also similar 
in that period was the pattern of blood profile behavior. 
On the contrary, the major differences concerned the 
occurrence of serious health problems in mo 2 to 3 of 
lactation. According to Barton et al. (1996) and Schrick 
et al. (2001), health problems can impair cow fertility, 
which is confirmed by our data. For these reasons, we 
preferred to exclude the problem animals from the 
statistical evaluation aimed to evaluate the effects of 
inflammation occurring around parturition.

Journal of Dairy Science Vol. 91 No. 9, 2008

BERTONI ET AL.3302

Table 1. Herd characteristics, ingredients, and main chemical and nutritional traits (% of DM) of the diets utilized during the period of 
interest as TMR for close-up and lactating cows of the 3 herds (cows in the first month of lactation were included in the fresh-average 
lactating group) 

Component

Herd 1 Herd 2 Herd 3

Close-up 
dry cows

Fresh-average 
lactating cows

Close-up 
dry cows

Fresh-average 
lactating cows

Close-up 
dry cows

Fresh-average 
lactating cows

Total cows, n 180 150 200
Monitored cows, n  50  33  37
Milk yield, t/305 DIM       9.905       9.900       9.450
Ingredient, % of DM
 Grass hay 55.25 — 77.13 10.71 61.86 —
 Alfalfa hay 3.19 9.63 22.87 14.05 — 12.02
 Corn silage 10.54 33.74 — 28.06 23.10 30.05
 Alfalfa silage 2.33 7.26 — — — 5.42
 Corn grain, ground, dry or high moisture 7.24 17.38 — 18.87 — 15.32
 Cottonseed — — — — — 4.73
 Beet pulp — — — — — 7.09
 Commercial concentrate 21.44 31.98 — 28.31 15.04 25.37
 DMI, kg/d 12.4 22.1 11.3 22.7 11.9 22.4
Chemical
 NEL, Mcal/kg 1.40 1.56 1.36 1.50 1.35 1.52
 CP, % of DM 11.5 16.4 11.6 14.5 11.7 16.0
 MP, % of DM 8.0 11.6 7.7 10.4 8.3 10.9
Requirement coverage
 NEL % 111.6 102.7 111.7 96.1 112.3 99.6
 CP % 102.7 105.8 105.1 93.1 106.1 103.0

 



Statistical Evaluation

Data measured over time (milk yield, BCS, and 
plasma components) within the period of interest were 
aggregated according to DIM: 7, 14, and 28 (values 
correspond to the real time ± 2 d). These data were 
subjected to ANOVA using the REPEATED statement 
in the MIXED procedure of SAS (SAS Inst. Inc., Cary, 
NC; release 8.0). The statistical model included the 
fixed effect of group (UP, INUP, INLO, LO), DIM (7, 
14, 28), and group by DIM interaction. The random 
variables were herd and cow within group (n = 19 for 
UP, n = 19 for INUP, n = 20 for INLO, n = 19 for LO). 
Each parameter was tested for normal distribution us-
ing the Shapiro test (SAS Inst. Inc.) and normalized 
by logarithmic transformation when necessary. The co-
variance structure used was the autoregressive order, 
because it fit the model better. Prevalence of health 
problems recorded during the study were subjected to 
χ2 analysis (PROC FREQ of SAS) to determine whether 
prevalence differed among groups. Fertility indices 
were normalized using logarithmic transformation, and 
then analyzed by one-way ANOVA (SAS Inst. Inc.). The 
lactation curves of each cow were estimated according 
to the Wood equation (Proc NLIN of SAS analyzed by 
one-way ANOVA), and curve indices were analyzed 
by one-way ANOVA. In addition, Pearson correlations 
between blood parameters were calculated within each 
quartile. Statistical significance was designated as P 
< 0.05.

RESULTS

General Situation of the Herds

As shown in Table 1, the 3 herds were of high ge-
netic merit (more than 9 t/lactation). The diets were 
different between herds and production groups (dry 
and fresh-average lactating cows), but they showed 
satisfactory composition (Table 1) according to NRC 
requirements (NRC, 2001). Lactating cows of herds 1 
and 3 received similar diets, whereas the diet for herd 
2 had the greatest DMI but lower energy and protein 
concentration. Thus, the average satisfaction of energy 
and protein requirements of all groups was not less 
than 90% (Table 1). Body condition score revealed that 
body reserve levels and utilization were similar in the 
3 herds. A satisfactory BCS was observed before partu-
rition (3.02 ± 0.29, 2.67 ± 0.24, and 3.00 ± 0.15 points 
in the 3 farms, respectively); then, a progressive reduc-
tion occurred, with the lowest score at wk 6 of lactation 
(approximately 0.7 points lower).

Blood Analysis

The individual values of LAI ranged from +1.22 to 
−1.51, and the average levels for the quartile groups 
were 0.71 ± 0.31, 0.18 ± 0.17, −0.20 ± 0.19, and −0.67 
± 0.29 for UP, INUP, INLO, and LO groups, respec-
tively.

Blood albumin, RBP, and total cholesterol (Figure 
1) used for LAI indices of usual liver activity had the 
typical postpartum pattern of change overall; namely, 
low values in the first days of lactation with a gradual 
increase thereafter. Nevertheless, the UP group, ac-
cording to the grouping criteria, was characterized by 
the greatest values and by the quickest increase of LAI 
parameters during the first month of lactation. Sig-
nificantly lower values during the whole month were 
observed for the LO group, which, however, had a good 
recovery of the 3 parameters (Figure 1).

The +APP ceruloplasmin and haptoglobin (Table 2 
and Figure 2, respectively) had the greatest values at 7 
DIM and a gradual reduction thereafter. The UP group 
had the lowest value for haptoglobin, and the LO group 
had the greatest (Figure 2). Ceruloplasmin did not 
differ significantly between groups immediately after 
parturition; however, its level decreased faster in the 
UP group than in the LO group.

Other differences between groups were summarized 
in Table 2, but appear to be less important. Briefly, 
packed cell volume tended to decline after parturition 
and during the first month of lactation; it was lower 
in the LO group than in the UP group (0.29 vs. 0.31 
g/L; P < 0.05). Calcium and Mg were lower during the 
first week of lactation and increased thereafter (faster 
in the UP group). However, during the first month of 
lactation, the LO group had a lower value of Ca than 
did the UP group; Mg concentration was lower in the 
LO group than in the UP group during the first 2 wk of 
lactation, but thereafter the differences disappeared. 
The LO and INLO groups had lower plasma urea con-
centrations than the INUP and UP groups. Compar-
ing the 4 groups, it appears that LO and INLO had 
significantly greater values of bilirubin compared with 
UP, particularly during the first 7 DIM (Figure 2), and 
significantly greater values of globulin for the whole 
first month of lactation (Table 2). Levels of NEFA and 
BHBA were greater during the first week of lactation in 
LO and INLO groups—despite rarely being above the 
risk levels (>1.0 and >1.2 mM, respectively for NEFA 
and BHBA; Table 2). Thereafter, both parameters had 
a general reduction, albeit faster for LO and slower for 
INLO. On the contrary, glucose and enzymes (Table 2) 
including GOT and GGT did not exhibit any significant 
difference between groups.
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Health Problems

Major disease frequency for each group is reported 
in Table 3. The UP group had better overall health im-
mediately after parturition and during the first month 
of lactation. The INLO group exhibited the worst 
health situation in the transition period (if metritis 
is excluded) because retained placenta was frequent 

in this group (21%), but also because during the first 
month of lactation, the cows had a high incidence of 
lameness (21%). The LO group presented a better situ-
ation than the INLO group, but metritis incidence was 
particularly high (26% vs. 5% in the other groups). In 
these 2 groups, almost 50% of cows (17 of 38) suffered 
clinical problems in the first month of lactation; the 
remaining cows, despite inflammatory responses, did 
not have any clinical symptoms.

Reproductive Parameters

The UP group presented the best fertility indices 
(Table 3): 1.6 services per pregnancy, 93 days open, 
a first-service conception rate of 53%, and the lowest 
frequency of repeat breeders (21%). The LO group 
had impaired fertility compared with UP but with 2 
services per pregnancy, 110 d open, a first-service 
conception rate of 37%, and 32% repeat breeders, the 
LO group was better than the INUP and INLO groups. 
However, the INLO group had the worst indices among 
the quartile groups: 2.7 services per pregnancy, 139 d 
open, and 21% first-service conception rate.

As already mentioned, the 19 pregnant cows excluded 
as problem animals had the worst reproductive indices: 
2.60 ± 1.3 (P < 0.05 vs. UP) services per pregnancy, 
157.6 ± 55 (P < 0.05 vs. UP) days open, and 16% (vs. 
53% of UP) first-service conception rate.

Milk Yield and BCS

Milk yield during the first month of lactation (Table 
2) was greater in UP, lower in LO (P < 0.05 vs. UP), 
and intermediate in the other groups. The overall 
milk production during the first 3 mo of lactation was 
greater in the UP group, but no significant differences 
were observed (mean ± SD: 3.45 ± 0.7, 3.30 ± 0.8, 3.31 
± 0.7 and 3.03 ± 0.8 t/cow for UP, INUP, INLO, and 
LO, respectively). With regard to the nutrition status 
(Table 2), the INLO group had greater BCS loss during 
the first 42 DIM after calving compared with the other 
groups; in fact, the BCS reduction was 0.79 ± 0.38, 0.70 
± 027, 0.69 ± 0.36, and 0.67 ± 0.30 points for INLO, 
INUP, LO, and UP respectively.

DISCUSSION

The objective of this study was the evaluation of blood 
parameter changes during the peripartum period in 
dairy cows, especially for markers of liver response to 
inflammatory phenomena; moreover, the relationship 
between impaired liver functions and reproductive re-
sponse and milk yield was assessed. All of these aspects 
will be discussed separately and possible interactions 
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Figure 1. Plasma indices of negative acute phase proteins (al-
bumin, retinol, and total cholesterol) observed in the first month of 
lactation in the cows within upper (UP), intermediate upper (INUP), 
intermediate lower (INLO), and lower (LO) quartiles of liver activ-
ity index (LAI). a–cFor each blood parameter, a significant (P < 0.05) 
difference between groups at the same DIM is shown by different 
letters.
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Table 2. Trend of BCS, milk yield, plasma metabolites, and other blood parameters during the first month of lactation in groups of upper (UP), upper intermediate (INUP), 
lower intermediate (INLO), and lower (LO) quartiles of liver activity index (LAI) 

Item

Day relative to parturition

SEM

P-value7 14 28

UP INUP INLO LO UP INUP INLO LO UP INUP INLO LO Group Time

BCS 2.64 2.52 2.62 2.65 2.54 2.38 2.50 2.52 2.47 2.28 2.39 2.44 0.07 0.40 <0.01
Milk yield, kg/d 30.9b 28.9ab 26.8ab 24.4a 36.6b 34.6ab 32.0ab 30.1a 40.8b 37.9ab 38.3ab 34.1a 2.11 0.14 <0.01
Metabolism
 Glucose, mM 3.46 3.37 3.31 3.46 3.43 3.41 3.48 3.58 3.67 3.50 3.55 3.55 0.11 0.77 0.03
 NEFA, mM 0.67 0.61 0.79 0.73 0.53 0.50 0.62 0.48 0.35 0.36 0.39 0.29 0.06 0.30 <0.01
 BHBA, mM 0.41 0.42 0.59 0.48 0.39 0.29 0.42 0.34 0.39 0.39 0.42 0.33 0.10 0.19 <0.01
 TAG,1 mM 0.104 0.092 0.107 0.105 0.108 0.099 0.102 0.096 0.096 0.086 0.092 0.088 0.006 0.32 <0.01
 Urea, mM 4.10ab 4.51b 3.69a 3.49a 4.25bc 4.32c 3.40a 3.68ab 4.25ab 4.46b 3.78a 3.91ab 0.23 <0.01 0.21
 Creatinine, μM 99.7 96.2 97.2 89.6 93.6 92.1 92.2 89.0 86.9 87.2 87.5 88.1 3.06 0.69 <0.01
Minerals
 Ca, mM 2.50b 2.45ab 2.46ab 2.36a 2.62b 2.59b 2.53ab 2.42a 2.58 2.56 2.55 2.48 0.04 0.05 <0.01
 Mg, mM 0.91c 0.88bc 0.83ab 0.78a 1.01b 0.98b 0.95b 0.85a 1.01b 1.02b 0.98b 0.90b 0.03 <0.01 <0.01
 P, mM 1.53 1.52 1.42 1.34 1.61 1.64 1.48 1.52 1.50 1.53 1.54 1.60 0.08 0.74 0.01
 K, mM 3.77 3.84 3.80 3.82 3.81 3.78 3.76 3.82 3.71 3.69 3.88 3.92 0.09 0.72 0.95
 Na, mM 141.4 141.1 141.0 140.0 140.5 139.9 140.6 139.8 139.8 138.6 140.2 138.9 0.89 0.70 <0.01
 Cl, mM 102.7 103.7 103.4 103.4 101.7 102.5 102.7 103.1 101.7 102.3 101.6 100.6 0.70 0.73 <0.01
 Zn, μM 11.67 12.30 11.46 10.43 11.01 12.33 13.04 10.77 12.42 12.40 11.94 10.69 0.74 0.16 0.62
Enzymes2

 ALP, U/L 46.8 40.2 39.0 43.9 42.8 38.6 39.9 41.8 41.9 38.6 44.7 41.4 2.87 0.58 0.28
 LDH, U/L 2,023 1,956 1,911 1,689 2,033 2,036 1,987 1,825 2,079 2,078 1,838 1,988 126 0.52 0.13
 GGT, U/L 27.5 24.3 27.6 25.5 28.1 26.8 30.4 31.0 29.3 29.6 31.1 31.8 3.77 0.84 <0.01
 GOT, U/L 97.8 92.3 101.6 91.6 85.8 85.2 89.3 83.2 78.5 80.6 72.4 72.6 6.38 0.88 <0.01
Inflammation
 Ceruloplasmin, μM 3.27 3.53 3.47 3.28 3.09 3.38 3.23 3.18 2.76 3.08 3.13 3.15 0.24 0.81 <0.01
 Globulin, g/L 34.2a 36.9ab 39.0bc 42.5c 36.7a 39.9ab 42.4bc 45.9c 37.4a 41.5b 43.6bc 47.2c 1.41 <0.01 <0.01
Others
 PCV,3 L/L 0.32 0.31 0.30 0.31 0.31 0.30 0.29 0.29 0.30 0.29 0.28 0.28 0.01 0.02 <0.01
 Total protein, g/L 70.0 70.2 72.7 72.6 73.4 74.0 75.1 76.7 74.2 76.7 77.7 78.6 1.64 0.41 <0.01
a–cMeans with different superscript letters indicate significant difference between groups at the same DIM (P < 0.05).
1Triglycerides.
2ALP = alkaline phosphatase; LDH = lactate dehydrogenase; GGT = γ-glutamyl transpeptidase; AST/GOT = aspartate aminotransferase.
3Packed cell volume.



will be taken into account. It is important to highlight 
that the grouping criteria allowed the distribution of 
the same number of cows from each herd into the 4 LAI 
groups, so the differences in herds are not of concern.

Inflammatory Conditions and Liver Functions

The values after 7 DIM of haptoglobin (Figure 2), 
an index of acute phase response that we consider ac-
ceptable when below 0.2 g/L, clearly highlighted that 
a large portion of periparturient cows were affected by 
inflammatory phenomena; these data confirm previous 
results from our laboratory (Cappa et al., 1989; Cala-
mari et al., 1997). Nevertheless, almost all the cows of 
the UP group and some of the INUP group had lower 
values of haptoglobin, suggesting that some cows were 

not affected by inflammatory phenomena as confirmed 
by the low values of globulin, especially at 7 DIM (Ta-
ble 2). In fact, the more or less serious inflammatory 
conditions suggested by haptoglobin levels have been 
confirmed by the plasma globulin increase in groups 
INUP, INLO, and LO. This acute phase response of 
the liver was accompanied by a decrease in plasma 
of the negative acute phase proteins, which are abun-
dantly synthesized in the liver under normal condition 
(Powanda, 1980; Fleck, 1989). In fact, haptoglobin was 
inversely correlated with retinol (r = −0.47, P < 0.001) 
and cholesterol (r = −0.42, P < 0.001) as well as with 
albumin (r = −0.22, P < 0.001). Much weaker, but still 
statistically significant, was the correlation of hapto-
globin with ceruloplasmin (r = 0.23, P < 0.001), another 
positive acute phase protein.
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Figure 2. Pattern of haptoglobin (positive acute phase protein) and bilirubin (index of hepatic bilirubin clearance) observed during the 
first month of lactation in cows within upper (UP), intermediate upper (INUP), intermediate lower (INLO), and lower (LO) quartiles of liver 
activity index (LAI). a–cFor each blood parameter, a significant (P < 0.05) difference between groups at the same DIM is shown by different 
letters.

Table 3. Frequency of health problems and fertility indices in upper (UP), upper intermediate (INUP), lower 
intermediate (INLO), and lower (LO) quartiles of liver activity index (LAI) 

Item

Group

P-valueUP INUP INLO LO

Health problems1

 At parturition 0.0a 5.0a 36.9b 21.1b <0.01
 After parturition 5.3a 30.0b 42.2b 31.7b 0.21
 Metritis 0.0a 5.0a 5.3a 26.3b 0.02
Cows with problems (1 or more) 5.3a 26.3b 45.0b 42.1b <0.01
Fertility indices
 Services per pregnancy,2 n 1.65 2.04 2.68 2.01 0.12
 Days open,2 d 92.9a 132.5b 138.8b 110.5ab 0.02
 Conception rate,3 % 52.6 45.0 21.0 36.8 0.22
 Repeat breeders,4 % 21.0 45.0 57.9 31.6 0.10
a,bMeans with different superscript letters indicate significant effect between groups (P < 0.05).
1The data are relative to the frequency of the problem: percentage of cows with at least 1 problem. Problems 
at parturition include dystocia, milk fever, and retained placenta (no metritis); problems after parturition 
include ketosis, lameness, and mastitis.
2Data obtained after logarithmic transformation.
3Conception rate at the first insemination.
4Cows with more than 3 inseminations per pregnancy are considered repeat breeders.



The different degree of correlation between various 
proteins is not surprising, particularly when the long 
period is considered. The acute phase proteins present 
in plasma have completely different patterns of change, 
according to their synthesis but also to their turnover 
rate. In fact, haptoglobin, among the +APP measured 
in our trial, was the quickest to respond (increase) to 
inflammation, but the usual level of this protein was 
also rapidly recovered (Petersen et al., 2004). In fact, 
after an endotoxin treatment (Trevisi et al., 1996b), the 
time to return to the pretreatment value was 3 d for 
haptoglobin and 7 d for ceruloplasmin. The situation 
for the –APP differs: their synthesis is almost imme-
diately reduced by the liver (Powanda, 1980), but their 
blood levels can be more or less decreased according to 
their different turnover rate or to their compartment 
changes within blood plasma and interstitial fluids 
(Fleck, 1989). Furthermore, their recovery is affected 
by the typical rate of synthesis with respect to the to-
tal circulating amount; for example, for albumin, the 
daily yield represents only 5% (Kaneko, 1997). In other 
words, considering haptoglobin and albumins, which 
presented the lowest correlation, haptoglobin had a 
sharp and rapid response to inflammatory conditions, 
whereas albumin had a smoother and more prolonged 
change (Nicholson et al., 2000). Therefore, the changes 
of +APP and –APP are closely related only at the time of 
inflammatory event, when positive and negative effects 
occur contemporaneously; in our trial, only high hapto-
globin levels (Figure 2) observed at 7 DIM were exactly 
the reverse of albumin, retinol, and cholesterol (Figure 
1). According to this hypothesis, the inflammatory phe-
nomena occurred in our cows mainly around parturi-
tion and in the LO and INLO groups. Furthermore, our 
results suggest that inflammation causes a reduction 
in the usual synthesis of the liver proteins, besides the 
increased synthesis of +APP (Figure 1). The different 
pattern of changes of +APP and –APP make arguable 
their contemporaneous utilization in the LAI, with dif-
ferences due to the above-mentioned factors affecting 
mainly −APP. Because the changes of the performance 
are supposed to be mainly linked to –APP synthesis 
and plasma levels, their blood measurements are the 
most promising indices for our aims.

The marked plasma decrease of −APP, particularly 
evident in the LO and INLO groups, is not associated 
with liver damage because the main indices of cell 
necrosis (GOT/AST and GGT in our analysis) are not 
different during the first month of lactation. This could 
help explain the fast recovery of –APP in the 4 groups, 
and it seems to confirm our previous suggestion (Trevisi 
et al., 2001): the impaired liver function is not synony-
mous with lower liver activity and the consequence of 
a damaged liver, but of diverted synthesis in the liver 

occurring during inflammation (i.e., the liver produces 
more of the +APP and less of the usual proteins; Pow-
anda, 1980; Fleck, 1989).

The temporary impaired function of the liver—but not 
lower activity because it produces other proteins—in 
the cows with higher inflammation indices is indirectly 
confirmed by bilirubin, which is significantly greater in 
the INLO and LO groups 7 d after parturition (Figure 
2). The greater value of bilirubin is, in fact, a conse-
quence of the reduction of bilirubin clearance, which is 
a usual metabolic function of the liver (Tennant, 1997). 
A similar meaning can be attributed to the negative 
relationship between haptoglobin and paraoxonase (an 
enzyme synthesized almost exclusively by the liver) 
recently investigated in early lactating cows (Bionaz 
et al., 2007). These findings also agree with those of 
several authors (e.g., Katoh, 2002; Bertoni et al., 2006) 
demonstrating that proinflammatory cytokines cause 
an increased risk of liver lipidosis in puerperal cows, 
which may be linked to the reduced synthesis of apoli-
poproteins in this critical stage.

Inflammatory Conditions and Cow Health

The very high frequency of inflammatory conditions 
in the LO and INLO groups can be only partly explained 
by the serious clinical problems affecting these cows 
(Table 3). In fact, significantly more frequent were dys-
tocia, retained placenta, and milk fever, all occurring 
close to parturition, but <50% of these cows had clinical 
symptoms of disease. This confirms the suggestion of 
Cappa et al. (1989) that parturition or early lactation 
per se could be responsible for some inflammations. A 
possible explanation of these phenomena can be seen in 
the cytokine release that can be caused by trauma (e.g., 
during delivery), by intestine (or rumen) disorders, 
by some stresses that are often not easy to diagnose 
(Grimble, 1990). Furthermore, at least in the case of 
parturition in women, a release of proinflammatory cy-
tokines has been attributed to the placenta (Hauguel-
de Mouzon and Guerre-Millo, 2005).

Inflammatory Conditions, Milk Yield,  
and Energy Balance

Milk yield in the UP group was significantly greater 
(P < 0.05 vs. LO; Table 2), but only in the first month 
of lactation. The overall milk production in the first 3 
mo of lactation was not different between groups. This 
suggests that almost all cows were able to recover; in 
fact, the peak in milk yield of the INLO group was 40.3 
± 8.0 vs. 41.4 ± 8.3 kg/d for UP, and only the LO group 
had a clearly lower milk yield (37.3 ± 8.8 kg/d at peak). 
However, particularly in the first month of lactation 
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when the effects of the inflammation were more evident, 
a good relationship between the severity of inflamma-
tory phenomena and milk loss can be observed (Table 
2). This suggests that inflammatory phenomena have 
direct negative effects on cow performance as expected 
(Elsasser et al., 2000).

Interestingly, the lower yielding cows; namely, cows 
in the INLO and LO groups, had greater BHBA at 7 d 
after calving (P < 0.01 and P = 0.14, respectively, vs. 
UP). This suggests that INLO and LO had a slightly 
larger energy deficiency despite their lower milk yield. 
A possible explanation could be a transient lower DMI, 
perhaps caused by release of cytokines (Johnson and 
Finck, 2001). The lower levels of blood urea, observed 
in INLO and LO immediately after calving, seem to 
confirm the lower DMI in those groups. In fact, urea 
is known to be related to total protein intake (Roseler 
et al., 1993). In our case, we have to consider that the 
grouping criteria allowed a similar repartition of cows 
in each farm; therefore, there was no difference in diet 
between groups, and the change in urea would mean a 
corresponding change of protein intake and therefore 
of DMI. Furthermore, it seems unlikely that lower ure-
agenesis occurring in cows with high liver triglyceride 
concentration (Zhu et al., 2000) could fully explain our 
results, because they are concerning the first 28 d of 
lactation and not the first 2 d only (Zhu et al., 2000).

Inflammatory Conditions and Fertility

In the past, a negative relationship between health 
status and fertility has been demonstrated by the re-
sults of Barker et al. (1998) in cows affected by mastitis, 
of Collick et al. (1989) in cows suffering from lameness, 
and of Lucy (2001) for any kind of disorder. Similarly, 
our results demonstrated that the cows of the groups 
subjected to more or less severe inflammatory condi-
tions after calving, namely INUP, INLO, and LO, had 
lower fertility with respect to UP, although not always 
significantly so (Table 3). Nevertheless, of the 38 cows 
in groups LO and INLO, only 17 had clinical problems, 
whereas reduced fertility was also observed in cows 
without visible diseases. In fact, the proportion of cows 
becoming pregnant at the first insemination was 28.6% 
for cows with clinical problems and 29.4% for cows 
without clinical problems.

The results obtained with our cows, grouped ac-
cording to inflammation indices and not according to 
clinical problems, suggest that the systemic effects 
of diseases mediated by proinflammatory cytokines 
could be a common mechanism for reproductive im-
pairment occurring after diseases or health disorders. 
This hypothesis agrees with the strong improvement 
of fertility observed when the cows were treated with 

antiinflammatory drugs (acetylsalicylate) in the first 
few days of lactation (Bertoni et al., 2004). Moreover, 
it tends to confirm previous suggestions: for good fertil-
ity, a “disease-free transition” is required (Roche et al., 
2000; Lucy, 2001).

It seems highly probable that, within the same herd, 
one of the factors of fertility impairment is inflamma-
tion during the periparturient period, but not only 
associated with clinical events. Among the many pos-
sible mechanisms suggested by our results, two seem 
the most likely, and both are connected to the effects of 
cytokines. The first is liver synthesis deviation (Fleck, 
1989). The consequence would be a reduction of albu-
min, RBP (retinol), lipoproteins (total cholesterol), and 
many other usual proteins (e.g., the proteins involved 
in bilirubin clearance or the paraoxonase involved in 
the antioxidant activity). Some could contribute to 
a more severe lipidosis status (Bertoni et al., 2000; 
Ametaj et al., 2005), particularly in high-yielding cows, 
or to more negative effects of the oxidative stress. Alto-
gether, they can reduce reproductive functionality. The 
second mechanism could be a worsening of the negative 
energy balance (Lucy, 2001), because the proinflamma-
tory cytokines reduce feed intake (Johnson and Finck, 
2001) and increase energy expenditures (Elsasser et 
al., 2000). Recently, we have reported a similar DMI, 
but lower energy efficiency (10 to 15% less) in cows 
with impaired liver function (Trevisi et al., 2007).

Unfortunately, we do not have data to confirm any 
possible mechanism; however, we can observe that the 
suggested negative relationship between milk yield 
and fertility (Butler, 2000) does not always occur. In 
fact, the group with higher LAI (UP) had greater milk 
yield and very satisfactory (or good) fertility; however, 
the lowest reproduction performance was observed in 
the INLO group, which maintained an acceptably good 
milk yield but had the largest negative energy balance, 
indicated by the numerically greater BCS losses (0.79 
vs. 0.67 points of UP) and the numerically greatest 
NEFA and BHBA values at 7 DIM. Urea level was also 
lower in INLO, suggesting a slower increase of DMI.

These data confirm our previous results (Bertoni et 
al., 1999, 2000); namely, that high milk yield reduces 
fertility, but particularly when associated with peripar-
turient inflammatory conditions. Therefore, these data 
also seem to confirm that a close relationship between 
milk yield and fertility is not obvious, as the literature 
emphasizes. In fact, a similar reduction of conception 
rate has been observed in the last 30 yr in the United 
Kingdom (Royal et al., 2000), as well as in the United 
States (Butler, 2000), but average milk yield at the end 
of the considered period was completely different: 6 t/
lactation in the United Kingdom and 9 t/lactation in 
the United States.
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CONCLUSIONS

The results of our study have confirmed the frequent 
association of the periparturient period with some 
inflammatory phenomena; inflammations that are not 
always associated with clinical disease, but that often 
can be discovered only by specific blood indices. The 
same data have confirmed that inflammations are the 
cause of impairment in liver function (not activity, 
which is, perhaps, higher), and perhaps of performance 
(milk yield and fertility). The data appear, in fact, to be 
the best explanation of the strong negative relationship 
observed between inflammation, detected by plasma 
increase of +APP, and the synthesis of the usual pro-
teins (−APP), which are reduced in plasma. Otherwise, 
the contemporary reduction of milk yield and fertility 
could be explained by impairment of metabolic liver 
function. However, another related explanation could 
be the anorexic effect of the cytokines (triggers by 
inflammation), because the groups more affected by 
inflammatory phenomena had lost more BCS and had 
more blood ketone bodies, despite a lower milk yield.

To conclude, our results suggest that great impor-
tance should be placed, particularly for high-yielding 
cows, on the reduction of causes of inflammation around 
parturition, not only infectious and noninfectious dis-
eases, but also trauma, injuries, digestive troubles, 
and hard stress conditions. Finally, it could be helpful 
to evaluate (e.g., via blood indices) the inflammatory 
status of the cows in the first weeks after calving for 
a more conscious management of affected cows aimed 
to minimize the effects of inflammatory phenomena, 
particularly on reproductive performance.
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