
Nutrition, Metabolic Diseases and Immunity in 
Dairy Cows 

G.H. Wentink1·2, V.P.M.G. Rutten3, Th. Wensing2 

1Holland Genetics, P.O. Box 5073, 6802 EB Arnhem, The Netherlands 
2Department of Large Animal Medicine, Veterinary Faculty 
Utrecht, The Netherlands 
3Department of Infectious Diseases and Immunology, Veterinary Faculty 
Utrecht, The Netherlands 

Abstract 

In this short review attention is focused on 
the occurrence of metabolic diseases in combina
tion with disturbances of the immunologic re
sponse. Epidemiological surveys in cows suffer
ing from hepatic lipidosis indicate an increased 
percentage of aspecific infectious diseases. Few 
experiments have been described in which im
munoreactivity in cows with spontaneous or in
duced metabolic diseases were studied. 

The results reported in these studies indeed 
strongly suggest impairment of the immune re
sponse in metabolic diseases, but do not indicate 
a causative relationship between metabolism and 
immunity. 

Introduction 

Nowadays daily milk production levels of about 45 
liters during 50 consecutive days are no exception. In 
the Nether lands top class heifers produce 35 liters of 
milk a day in the first 100 days of lactation. Energy 
demands are enormous for these animals. 

For a marathon runner the energy demand is about 
3 times the maintenance level but the energy require
ment for a cow producing 45 liters of milk daily is about 
4 times maintenance level. And a cow maintains this 
level of milk production during at least 50 days. The 
modern cow should be considered as a top ath
lete. 

The increased milk production increases the risk 
for metabolic disturbances when energy demands and 
energy supply do not fit. 4,24,26 

Clinical or subclinical metabolic disturbances fre
quently are associated with infections caused by com
mon pathogens suggesting increased susceptibility or 
impaired aspecific or specific defense mechanisms. 6,8,15,16,23 

These data are mainly derived from epidemiological sur
veys. Only a few experiments have been done. 

Metabolic disturbances may affect the immune 
response either directly by altering the metabolism of 
immunocompetent cells or indirectly by the influence of 
metabolic substances on these cells. Alterations of the 
stability or integrity of cell membranes, of the expres
sion of cell receptors and adhesion molecules, or even of 
lymphocyte subpopulations in the peripheral blood can 
be provoked. 1,20,21 

In this short review attention will be focused on 
the relation between metabolic imbalances during the 
first few weeks after parturition on the one side and the 
immune response on the other. 

Immune system 
In figure 1 a short outline of the immune system is 

presented. 22 

Probably the most important protection of the body 
against pathogenic intruders are skin and mucous mem
branes. 

Whenever pathogens intrude the body, they first 
meet molecules and factors which prevent multiplica
tion of these pathogens. These factors are nominated 
the innate (non-specific) immune system and become 
active irrespective of the kind of pathogen. 

This innate immune system can be subdivided into 
humoral (complement, lysozyme, proinflammatory 
cytokines, acute phase proteins, interferons), and into 
cellular components (polymorphonuclear cells, macroph
ages, natural killer cells), all of which have their spe
cific methods to inactivate or kill intruders or malig
nant cells. The innate immunocompetent cells migrate 
to the site of infection, engulf and kill the intruders. 
Parts of the ingested pathogens are presented in Major 
Histocompatibility Complexes (MHC) on the surface of 
these cel~s to stimulate specific immunocompetent cells 
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Figure 1. 
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A short outline of the immune system subdivided into innate 
and acquired, and humoral and cellular fields. The first line of de
fense is made up by the skin and mucous membranes which prevent 
intruding of pathogens into the body by forming a physical barrier, by 
enzymes, acidic environment, prevention of adhesion by the normal 
bacterial flora, and by movements of cilia in the mucous membranes 
in the respiratory tract. 

Once penetrated into the body, pathogens meet the effects of 
proinflammatory cytokines and interferons produced by various cell 
types, acute phase (AP-) proteins mainly produced in the liver, comple
ment and lysozyme, and phagocytic cells and natural killer cells. These 
factors bring about inhibition of virus multiplication, tumor growth, 
chemotaxis, adherence and bacterial lysis, either directly or by stimu
lation of influx and activation of various types of cells (inflammation). 
Cell-cell contacts by upregulation of adhesion molecules and the pro
duction of cytokines regulate a comprehensive coherence between the 
different branches of the immune system. 

Innate phagocytic antigen presenting cells present the processed 
pathogen T-cells which produce a defense specific for that particular 
antigen. T-cells perform helper functions or may kill virus infected 
cells. Specific antibodies for neutralization and stimulation of phago
cytosis are produced by B-cells. 

for the development of acquired specific immunity. 
The specific immune system is stimulated and its 

action is concentrated on the particular pathogen. It is 
as the innate immune system subdivided into humoral 
(immunoglobulins produced by B-cells) and a cellular 
components (T-cells). 

The innate and acquired immune systems activate 
and stimulate each other by comprehensive interactions. 
These interactions may be initiated by soluble factors 
secreted by damaged cells (products of arachidonic acid) 
or infected cells (cytokines), and by subsequent cell-cell 
interactions in which adhesion molecules play a role. 22 

The function of the immune system is evaluated 
by measuring the amount of particular molecules in the 
peripheral blood involved in the immune response (TNF, 
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cytokines, the amount of globulins and their subclasses 
against specific pathogens) or by measuring activities 
of immunocompetent cells in vitro (Figure 2). These 
methods surpass the ensemble acting of immune me
di a tors of the local reaction, the production of 
proinflammatory cytokines, and subsequent effector 
mechanisms. Furthermore, laboratory methods only can 
provide one read out and activity at one time point. In 
vitro tests very often are performed by using cell stimu
lating factors (PHA, PWM, ConA, LPS) which do not 
necessarily reflect efficacy in vivo . 22 

Figure 2. 
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A short outline of the sequential activity of the immune system 
and the relationship with laboratory methods to demonstrate activity 
or activation. 

Metabolic diseases 
These disturbances are the consequence of the 

imbalance between the rates of input of energy and the 
output ofproduction.4•24 The diseases comprise milk fe
ver, ketonaemia and hepatic lipidosis, the latter two of 
which are associated with the frequent occurrence of 
aspecific infections. 5,6,8,15•16•20 A short metabolic pathway 
is presented in figure 3. 24 The most important metabo
lites that are present above the normal level or are defi
cient in the peripheral blood, and are suspected to in
terfere with the activity of immunocompetent cells are 
glucose, ketone bodies, non esterified fatty acids (NEFA) 
liberated from the fat deposits, and urea, presented in 
boxes in figure 3. 3•

4
•
26

•
28 

Bovine ketosis is a syndrome that occurs in the first 
few weeks after parturition and is the result of an im
balance between energy intake and output.4•24 It may be 
caused by low food quality or by reduced food intake. As 
a result elevated levels of3-hydroxybutyrate (3-HB) and 
low levels of glucose are found in the peripheral blood. 
Elevated levels of3-HB may also originate from spoiled 
silage (alimentary ketosis).4 

Hepatic lipidosis occurs in recently calved cows, 
which have a reduced feed intake during the last week 
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of gestation or the first few days after delivery and there
fore mobilize during the first few days after parturition 
fatty acids in exacerbated amounts from the body re
serves. 2,4,26 NEFA's are transported to the liver which 
can not deal with such an amount of NEFA's either by 
overflux or caused by reduced capacity to export lipo
proteins from the liver by shortage of apolipoproteins.3

•
4 

The fatty liver produces haptoglobins in increased 
amounts thereby influencing the immune response.29 

Obesity during the last part of the dry period is a pre
disposing factor for the development of hepatic lipidosis, 
but actually it is the rate oflipolysis.7•8•15,16,18,21,24,26 A very 
fast loss of body condition score during the first week 
after parturition is a clear indication of hepatic lipidosis. 

Figure 3. 
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A short outline of the metabolic pathways involved in fat and 
carbohydrate metabolism. 

In the rumen the succinate is formed which is absorbed and 
utilized for the production of glucose. Glucose is the precursor for lac
tose, the main driving force for milk volume. 

In situations of energy imbalances lipolysis from the fat depos
its occurs and non esterified fatty acids (NEFA) are transported to 
the liver cells. In the liver cells the fatty acids maybe oxidized in the 
critic acid cycle or may be converted into ketone bodies which are 
exported to other parts of the body for energy supply. In the case of 
serious energy shortage proteins may be utilized for energy produc
tion and urea is left over as a waste product. In extreme situations 
NEFA's are esterified and stored as tricylglycorol (TG) in the cytosol 
in the liver cells. 

Substances that can be determined in routine laboratories are 
given in boxes. 

This syndrome may occur in dairy cows during the 
dry period (pregnancy toxaemia).4 A prerequisite for 
this syndrome to develop is a sudden reduction of en
ergy intake combined with twin pregnancy. In beef cows 
the syndrome of pregnancy toxaemia is mentioned more 
often.4 

Bovine ketosis and hepatic lipidosis very often oc
cur clinically unnoticed, but with elevated 3-HB levels 
in the blood.4 
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Discussion 

In some experiments conducted to study immu
noreactivity during metabolic disturbances immunocom
petent cells were isolated from normal individuals and 
cultured in vitro in the presence of metabolic substances 
which are present in increased or decreased amounts in 
the blood. 11

•
12

•
13 

Furthermore, the activity of immunocompetent 
cells is studied using cells collected from animals suf
fering from spontaneous or experimentally induced 
metabolic disturbances. 10•25 In these experiments too the 
activity of the immune system is evaluated in labora
tory conditions. Mononuclear cells collected from cows 
with experimental ketosis showed a reduced migration 
capacity under agarose. 14 

The results obtained in in vitro experiments de
pict the activity of isolated humoral substances or im
munocompetent cells in laboratory conditions, at one 
time point with one read out of the immune response in 
the surpassing of alternative methods which maybe ac
tive in in vivo conditions. 

Therefore, challenge experiments using animals 
experimentally brought into conditions which reflect 
naturally occurring metabolic diseases probably are the 
best model for the evaluation on of deleterious effects of 
metabolic products on the function of the immune sys
tem. However, experiments like these are expensive, 
time consuming and harmful for the experimental cows. 

Only few in vivo immunologic experiments have 
been reported using animals suffering from experimen
tal metabolic diseases. 9•

20
•
27 These experiments indeed 

strongly suggest impaired immunoreactivity in cows 
suffering from hepatic lipidosis. Hill, et al9 found an in
creased severity and prolonged duration of mastitis af
ter an experimental intramammary E. Coli infection in 
cows with increased levels of hepatic TAG. Reid, et al20 

described reduced influx ofpolymorphonuclear cells into 
the milk in cows with elevated hepatic TAG levels, while 
phagocytosis and killing of bacteria by polymorphs were 
unaffected. Wentink, et al27 found after vaccination with 
Tetanus Toxoid (TT) vaccine on day 3 after parturition 
a reduction of specific blastogenic responses for TT in 
cows with elevated hepatic triacylglycerol (TAG). These 
animals also had a reduced lymphocyte accumulation 
associated with skin allotransplants performed at day 
3 after parturition compared to animals with low levels 
of hepatic TAG. 

Conclusion 

The results obtained in the in vivo experiments 
support the suggestion of impaired immunoreactivity 
in animals suffering from hepatic lipidosis, but fail to 
provide insight into immunologic mechanisms that may 
be impaired. 
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Effects of parenteral administration of vitamin E on health of 
periparturient dairy cows 

R. J. Erskine, et al 
J. Am. Vet. Med. Assoc., 1997; 211:466-469 

Two hundred four Holstein cows were given 3,000 
mg of vitamin E, IM, once, 8 to 14 days before expected 
parturition, and 216 control cows were not treated. Se
rum concentrations of tocopherol, the tocopherol: cho
lesterol ratio, and glutathione peroxidase activity in 
blood were determined for 36 treated and 36 control 
cattle from samples obtained immediately prior to in
jection of vitamin E, at 7 and 14 days after administra
tion, and at 30 days after parturition. The incidence of 
retained placenta and metritis (13/204[6.4%] and 8/204 
[3.9%], respectively) was significantly less for the group 
treated with vitamin Ethan for the control group (27/ 
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216 [12.5%] and 19/216 [8.8%], respectively). The inci
dence of clinical mastitis during the 30-day period after 
parturition did not differ between treatment groups. 
Serum vitamin E concentration was significantly higher 
in vitamin E-treated cattle than in control cattle 7 and 
14 days after administration. However, the serum toco
pherol: cholesterol ratio was significantly higher for vi
tamin E-treated cattle than for control cattle only at 7 
days after administration. Parenteral administration of 
vitamin E before parturition may decrease the incidence 
ofretained placenta and metritis in dairy cattle. 
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