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Abstract: An interventional study was conducted on 19 Holstein heifers, with low weight gain and
no clinical sign of disease, in a dairy farm in Fars province, Iran, regards to diagnosis and treatment
of sub-optimum performance (SOP). RBC, WBC, PCV, hemoglobin, and serum glucose, cholesterol,
triglycerides, total protein, globulins, ceruloplasmin and some minerals of the heifers were compared
with published reference values. RBC, WBC, hemoglobin, glucose and total protein were within the
reference intervals. Other parameters, however, revealed nutritional deficiencies and sub-clinical
infections. The young stock was subjected to some management and nutritional interventions including
regrouping of heifers, redesigning of barns and mangers and rebalancing the rations to correct intakes
of dry matter, energy and protein, with no antibiotic prescription for 7 months. The same parameters
were studied in the same heifers two more times in months 3 and 7. RBC, WBC and glucose did not
show significant changes during the study. Alpha, beta and gamma-globulins decreased by time
(P<0.01). All other parameters, however, increased (P<0.01) despite that some of them were initially
within the reference intervals. Average daily gain (ADG) also increased but the difference was not
significant (P<0.095). For investigating SOP, measuring selected parameters (particularly blood values)
and comparing them to published reference values may be misleading and intensive investigations may
be required. Establishing/re-establishing regional reference values by examining "well performed",
"clinically healthy" animals are suggested.  
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INTRODUCTION

Heifers' age at calving (ideally 24 months) is highly correlated to the profitability of the animal, and the
body weight after calving (ideally 550-590 kg, ADG=700-750 g) is highly correlated to first lactation milk
production (Heinrichs and Radostits, 2001). Deviations from these measures may necessitate some veterinary
interventions to find and resolve the underlying problem(s). If the disease determinants are unexplained or the
disease is multifactorial, intensive investigations and also management assessment are required (Zwart and Jong,
2001; Radostits et al., 2000). By dealing with herd problems and productivity losses, practitioners can help
their clients with the current problem and promote the importance of veterinary health services (Waldner,
2001). Reports from developing countries (Otte and Lobo, 1984; Zwart and Jong, 2001) strongly suggest that
the farmers are only interested in disease surveys when the link with production is clear to them. So, it is
important for the practitioners to conduct their investigations and/or interventions in a manner to increase the
chance of success. 

Though the basics of herd health services are the same worldwide, the services implemented in developed
countries cannot be strictly transferred to developing countries (Kaasschinter et al., 1992). A major subject in
this respect is choosing appropriate laboratory tests when local reference values obtained from modern dairy
cows and heifers are not available. Surveys based on local knowledge systems can provide useful information
on local perceptions of livestock diseases and their control (Zwart and Jong, 2001). The aim of this study was
diagnosis and treatment of sub-optimum performance with unexplained causes in dairy heifers in a farm in Fars
province, Iran; addressing some discrepancies in using published reference values for interpreting the laboratory
results. 
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MATERIALS AND METHODS

General Procedures:
An interventional study was conducted during a period of 7 months from May to December in a Holstein

farm 150 km North of Shiraz, Iran, with signs of sub-optimum performance (SOP) in heifers. The farm was
an old one in which, as the farmer claimed, the cows were replaced with new high or medium producing cows
around 5 years before the time of this study. Rearing heifers was a part of the farm plans. The major
complaints of the owner were low weight gain in heifers and high age at first calving (around 30 months).
History taking and investigation of the environment revealed insufficiencies in housing, ventilation, grouping
and nutrition of heifers. Poor responses of some clinical cases to treatment were also noted, though clinical
diseases were not the major concerns. Nutritional deficiencies, sub-clinical infections, parasitic diseases, and
genetic background were suspected as the differential list of underlying causes. Parasitic diseases were ruled
out after examining feces samples for parasite eggs and oocysts. A number of field and laboratory tests were
proposed to cover the other suspected areas except genetic background on which no reliable data could be
gathered.

As the heifers were not grouped according to an acceptable strategy, examining and comparing of the
heifers at different ages appeared not to be helpful in localizing the problem. Thus, the pooled data of all
heifers which were 2-15 months old (19 heifers) was used for the study. The heifers were weighed (by
measuring heart girth) and their blood and serum samples were obtained for studying RBC, WBC, hemoglobin,
PCV, and a number of serum chemicals and minerals (Table 1). The averages of the population under study
were compared with the midpoint of the reference values (Radostits et al., 2000; Kaneko, 1997). With the
exception of zinc, significant differences were regarded as abnormal values in the studied population. Low
ADG (as an index of SOP), hyper �- and �-globulinemia, deficient levels of nearly all measured minerals
(except zinc), and low PCV (probably a mild anemia) were the major findings (Table 1). 

The further actions were directed towards the correction of chronic under-nutrition and/or sub-clinical
infections as the major underlying causes of heifers' SOP. The young herd was subjected to some parallel
management changes for a period of 7 months (May to December, 2005). The changes included regrouping
of heifers (to reduce the age difference in groups), redesigning of barns (to improve natural ventilation) and
mangers (to reduce feed loss).  Rations were also rebalanced to correct intakes of dry matter, energy and
protein (Table 2). Essential minerals (plain salt and a mineral premix) were included in the concentrate mix.
To follow up the effectiveness of the interventions, the same heifers were weighed and sampled for blood two
more times at days 90 (month 3) and 210 (month 7). 

Samplings and Measurements:
For hematological analysis blood samples were collected by jugular vinepuncture into vacutainers

containing EDTA as anticoagulant. For serum biological analysis, blood samples were driven into plain
vacutainers. The blood values (RBCs, WBCs, PCV and hemoglobin) were estimated through standard
hematological techniques (Jain, 1986). Serum glucose, cholesterol and triglycerides were measured by oxidase
method (Burtis and Ashwood, 1994), modified Abell-Kendall/Levey-Brodie (A-K) method (Burtis and
Ashwood, 1994), and enzyme procedure of McGowan et al. (1983), respectively. Analysis of serum total
protein was done by biuret method (Sonnenwirth and Jarrett, 1980). Albumin, �-, �- and �-globulins were
determined by cellulose acetate electrophoresis (apparatus: Elphor 5; made in Germany). Serum calcium, cobalt,
copper, iron, magnesium, manganese, potassium, sodium and zinc were measured by atomic absorption
spectrophotometry (Shimadzo AA-670, Kyoto, Japan). Serum phosphorus and chloride were measured by
ammonium molybdate and mercuric chloride methods, respectively (Sonnenwirth and Jarrett, 1980).
Ceruloplasmin activity was measured according to its phenylendiamine oxidase activity (Sunderman and
Nomoto, 1970). 

Statistical Analysis:
Study parameters were checked for normal distribution with Kolmogorov-Smirnov test which revealed no

deviation from normality. The averages of the population under study in the initial evaluation were compared
with the midpoint of the reference values using one-sample t-test. The comparison among the three steps of
sampling was performed using repeated measure ANOVA and Tukey's multiple range tests. To correct for
multiple-comparison problem and to reduce the type-I error, a P-value less than 0.01 was considered
statistically significant.   



Aust. J. Basic & Appl. Sci., 4(8): 3949-3954, 2010

3951

Results:
Before the Interventions:

RBC, WBC, hemoglobin, glucose, cholesterol and total protein were within reference intervals (Table 1);
whereas PCV, triglycerides, albumin, �, � and �-globulins and minerals showed significant differences (P<0.01)
with the midpoints of the corresponding reference. Low ADG (as an index of SOP), hypoalbuminemia, hyper
�- and �-globulinemia, as well as deficient levels of nearly all measured minerals were the major findings
(Table 1). A mild anemia could also be suspected due to low level of PCV.  

During the Study:
Dry matter intake improved rapidly during the first 20 days of the interventions (data not shown). RBC,

WBC and glucose didn't undergo significant changes during the period of the study. The concentrations of �-,
�- and �-globulins decreased by time so that their lowest concentrations were observed in the 3rd sampling
(Table 1). All other parameters, however, increased (P<0.01) despite that some of them were initially within
the reference intervals. ADGs of the 2nd and 3rd weighing were both higher than that of the 1st one although
a drop was observed in the ADG of the 3rd step (Table 1) and the differences were not significant (P<0.095).

Table 1: Comparison of average daily gain (ADG), blood and serum parameters with reference values before and after the interventions
(N = 19, Mean ± SD).

Parameter Herd values Reference Interpretation of
------------------------------------------- ----------------------------------------------------------  values the initial results

Initial Day 90 Day 210 (midpoints, (compared with 
results (after (after intervals) midpoints of 
(before intervention) intervention) reference values)
intervention)

Performance index ADG (gr) 595±95a 676±125a 645±102a 725(700-750) Low (P<0.001)
Blood values Hemoglobin (g/L) 109.9±10.4a 121.7±8.0b 116.4±10.8a b 115(80-150) WRI (P=0.047)

PCV (L/L) 0.33±0.03a b 0.32±0.04 a 0.35±0.04b 0.35(0.24-0.46) Low (P=0.003)
RBC(1012/μl) 7.46±1.92a 7.30±1.64a 6.30±1.08a 7.5 (5.0-10.0) WRI (P=0.931)
WBC (109/μl) 6.98±1.67a 8.22±3.33a 7.08±2.52a 8(4-12) WRI (P=0.19)

Serum metabolites Albumin (g/L) 24.1±2.8a 27.7±2.8b 32.7±3.7c 32.6(30.3-34.8) Low (P<0.001)
Ceruloplasmin (g/L) 0.09±0.02a 0.14±0.05b 0.19±0.05c 0.16 (0.12-0.20) Low (P<0.001)
Cholesterol (mmol/L) 2.91±0.64a 2.924±0.78a 3.45±0.81b 2.59(2.07-3.11) WRI (P=0.049)
Glucose (mmol/L) 3.50±0.68a 3.41±0.59a 4.14±1.57a 3.33(2.5-4.16) WRI (P=0.29)
Total protein(g/L) 73.3±3.5a 68.8±3.3b 68.3±3.7b 71.0 (67.4-74.6) WRI (P=0.17),

 suspected
Triglycerides (mmol/L) 0.19±0.07a 0.25±0.09a 0.33±0.14b 0.56 Low (P<0.001)
�-globulins (g/L) 10.2±2.1a 8.8±1.7b 7.5±1.4c 8.15(7.5-8.8) High (P<0.001)
b- globulins(g/L) 8.5±1.1a 7.3±1.0b 6.4±0.8 c 9.6(8-11.2) Low (P<0.001)
g-globulins (g/L) 30.40±3.60a 25.1±2.7b 21.7±3.1c 19.6(16.9-22.3) High (P<0.001)

Serum minerals Calcium(mmol/L) 1.45±0.18a 1.68±0.17a 2.15±0.62b 2.77(2.43-3.10) Low (P<0.001)
Chlorine(mEq/L) 101.88±0.88a 103.75±1.24b 105.80±1.30c 104(97-111) Low (P<0.001)
Cobalt(μmol/mL) 15.52±5.65a 24.47±6.72a 32.85±11.14b 59.39(33.94-84.84)Low (P<0.001)
Copper(μmol/L) 5.43±3.47a 10.90±5.51a 17.60±8.37b 18.10(12.59-23.61)Low (P<0.001)
Iron(μmol/L) 15.56±0.83a 22.18±1.22b 25.89±2.35c 19.6(10.2-29) Low (P<0.001)
Magnesium(mmol/L) 0.46±0.23a 0.69±0.25b 0.94±0.35c 0.85 (0.74-0.95) Low (P<0.001)
Manganese(μmol/L) 0.38±0.08a 0.50±0.18a 0.84±0.61b 0.69(0.11-1.27) Low (P<0.001)
Phosphorus(mmol/L) 1.60±0.48a 2.29±0.54b 3.18±0.81c 1.96 (1.81-2.10) Low (P<0.001)
Potassium(mEq/L) 4.12±0.05a 4.31±0.09b 4.51±0.15c 4.85(3.90-5.80) Low (P<0.001)
Sodium(mEq/L) 128.00± 2.20a 132.55±2.79b 137.82±2.43c 142 (132-152) Low (P<0.001)
Zinc(μmol/L) 24.91±5.35a 38.32±5.39b 45.99±4.77c 15.25(7.6-22.9) High (P<0.001),

 normal
ADG: average daily gain, WRI: within reference interval, a, b, c: different letters in a row mean significant difference (P<0.01). 

Discussion:
Nutritional deficiencies are known causes of delayed heifers' growth and subsequent economic losses.

Inadequate housing and ventilation, however, can contribute to poor growth by causing sub-clinical respiratory
problems and can negate an adequate feeding program (Heinrichs and Radostits, 2001). When the determinants
of disease are not well understood or several determinants are interacting to increase the risk of disease in a
herd, intensive investigations are most necessary (Radostits et al., 2000). In the present study nutritional
deficiencies and sub-clinical infections were most suspected since primary farm observations revealed
inadequacies in nutrition, housing and ventilation. The laboratory tests shown in Table 1 were proposed to
cover both nutritional deficiencies and sub-clinical infections.  
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Table 2: Heifers' groups and their rations during the period of intervention
Rations Age groups

-----------------------------------------------------------------------------------------------------------------------------
2-3 months 3-6 months 6-12 months 12-18 months 18-24 months

Feed ingredients
Alfalfa hay (kg as fed) 1 3 3.5 3.5 3.5
Corn silage (kg as fed) - - 8 10 12
Wheat straw (kg as fed) - - 0.5 2.5 3
Concentrate mix (kg as fed) 2.25 3 2 2 2
Chemical analysis
Dry matter1 2.89 5.37 7.69 9.51 10.40
Crude protein1 19.4 17.1 14.4 12 12
NDF1 26.1 36.5 42.1 53.5 54.6
Ca2 0.90 0.90 0.72 0.68 0.64
P3 0.50 0.56 0.44 0.33 0.31
Forage: concentrate ratio 31:69 50.3:49.7 65:35 81:19 83:17
1 Proximate analysis (Horwitz, 1975), 2 atomic absorption spectrophotometery as for serum minerals, 3 ammonium molybdate method
(Horwitz 1975).

Initial inspection of the results revealed a number of normal values, but at the same time lots of abnormal
values were also noted (Table 1). Despite the normal levels of RBC, WBC, hemoglobin and total protein, low
PCV, hypoalbuminemia and low levels of minerals could indicate to long standing nutritional deficiencies.
Besides, hyper �- and �-globulinemia could reveal existing infection(s) regardless of the apparent normal value
of total protein and low level of �-globulins. Increased globulins could result in normal values of total protein
(Latimer et al., 2003; Stockham and Scott, 2002). Low triglyceride concentration could also indicate to energy
deficiency regardless of the normal values of glucose and cholesterol. 

Further actions (described in materials and methods) were based on the conclusions that 1) the normal
values observed for some parameters could be apparent and they might actually be deficient ones; 2) nutritional
deficiencies and sub-clinical infections were the major underlying causes of SOP; 3) under-nutrition and poor
ventilation had predisposed the heifers to infections and if they were corrected, sub-clinical infections would
also cure; and 4) there wasn't any need for mass treatment with antibiotics. The results of the 2nd and the 3rd

samplings (Table 1) supported these conclusions. As expected, �- and �-globulins decreased as an index of
recovery from infections. In addition, �-globulins also decreased during the study revealing that their initial
low level was actually an increased one. The concentrations of a majority of the other parameters increased
as indices of correction of nutritional deficiencies. RBC, WBC and glucose, however, remained almost constant
revealing that they may not be affected in SOP.  

In the absence of clinical diseases, and when reliable local reference values are not available, measuring
selected parameters (particularly blood values) and comparing them with published values may be misleading
and veterinarians should be precise and conservative in both selecting and interpreting the laboratory tests. For
example, as observed in the present study, a group of animals may suffer from nutritional deficiencies with
potential effects in causing anemia (Cu, Fe, and ceruloplasmin) regardless of normal values of RBC and
hemoglobin.  Low PCV initially observed in the present study could not be sufficient to postulate nutritional
deficiencies. WBC counts also may not uncover an existing infection. 

On the other hand, comprehensive herd investigations are time consuming and can be expensive (Radostits
et al., 2000). To reduce time and expenses, performing the most informative diagnostic tests is helpful provided
that reliable local reference values are available. Such tests and values have been noted in performing
metabolic profiles in dairy herds (focusing on lactating and dry cows) and early detection of deviations from
normal conditions (Rownalds and Pocock, 1976; Payne et al., 1970).It appears to us that, establish local
reference values, sampling "clinically healthy" animals is not sufficient. Instead, clinically healthy animals with
acceptable histories of "performance" should be considered. Preferably, all diagnostic biologic parameters (of
different categories) should be included within the same study (ies). An urgent need for field or cow-side tests
of metabolic markers has also been noted in developing countries regards to deficiency diseases in order to
identify the consequences of sub-optimal mineral intake before productivity declines (Carillo, 1993).

In addition to being precise and conservative on interpreting laboratory results, veterinarians should be
cautious in setting the targets of their interventions as the results may not meet the expectations of the farmers.
Reports from developing countries (Otte and Lobo, 1984; Zwart and Jong, 2001) strongly suggest that the
farmers are only interested in disease surveys when the link with production is clear to them. Whatever the
laboratory results are, they are not usually well understood by the farmers who usually rely on subjective
indices (such as ADG in the present study). In the present study, ADG results could arise some controversy.
As shown in table 1, some nonsignificant improvement was observed in ADG during the period of the study
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(P<0.095) which was more prominent at day 90 (676±125 g versus 645±102 g at day 210). A compensatory
growth may take place in heifers after a period of under-feeding and restricted growth (Heinrichs, 1991) so
that the heifers may recover from low weight gain and reach to the expected weights. However, in the present
study, ADG didn’t reach to the favorite rates (700 g or more). There are some explanations for this finding:

Prolonged Unnoticed Deficiencies:
Nutritional insufficiencies may be ignored without a precise performance monitoring system. Besides, the

relevant indices in blood may not be detectable in short terms. Serum albumin (an index of protein status)
declines only after a long period of protein deficiency (Latimer et al., 2003; Stockham and Scott, 2002) when
many basic functions are affected. Low blood mineral concentrations (as observed in the present study) are
detectable in the terminal "disease" stage before which there are stages of tissue depletion (reduction of body
reserves with no sign), marginal deficiency (affected growth and immune functions) and tissue dysfunction
(affected activities of mineral containing enzymes) (Radostits et al., 2000; Suttle, 1986). As the deficiency
progresses into the end stages, the animal may not recover to a normal condition, in spite of positive trends
in blood and serum parameters. Frequent weighing of the heifers and plotting the results on growth charts is
a rapid and easy tool to monitor heifers' performance (Heinrichs and Radostits, 2001). 

Affected Metabolic Programming Before Birth:
The heifers may have been affected during their fetal life due to their dams' undernutrition. Human

epidemiological studies and experimental animal studies suggest that even brief nutritional manipulations during
sensitive periods of fetal development may have permanent effects on tissue structure, physiology and
metabolism (Hales and Barker, 1992; Barker, 1995). Recent studies (Hustad, 2007; Kiani, 2007) have shown
such affections in lambs born to ewes which were undernourished during their late pregnancy. Such conditions
cannot be traced easily in routine veterinary investigations. 

Diseases Not Included in Routine Veterinary Health Services:
As a good example with this regard bovine viral diarrhea virus (BVDV) has a worldwide distribution. An

unknown positive BVDV status interferes dramatically a routine herd health production management program
(Poel van der and Scholl, 2001). Performance indices such as poor growth may indicate impending problems
with regard to BVDV. In the present study, however, the heifers which were born during and after the study
showed desired performances. 

Genetic Background of the Heifers:
The genetic merits of the heifers may have limited the daily gain to the amounts observed in this study.
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