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Abstract

Bouda J., P. Jago$: Biochemical and Hematological Reference Values in Calves
and Their Significance for Health Control. Acta vet. Brno, 53, 1984: 137 —142.

Clinical and biochemical examination of 114 calves from birth to the age of 6 months
was carried out. Blood samples were taken from v. jugularis prior to the first colostrum
intake and after 1, 4, 7, 21, 42, 60, 90 and 180 days. From the total number of 114 fol-
lowed calves reference biochemical and hematological values were obtained from the
group of 53 healthy calves.

In dependence on calf age reference values of total protein including fractions and
immunoglobulins in blood serum and levels of vitamin A, E and C, carotenes, glucose,
urea, enzyme activities (AST, GMT), minerals (Na, K, Mg, inorg. P, Zn, Cu, Fe)
in blood plasma were determined. In calf blood acid-base values (pH, pCO,, BE,
SB), hematocrit, hemoglobin, methemoglobin, erythrocyte and leukocyte counts
were determined. Hypogammaglobulinaemia, hypovitaminoses A and E were found
in 50—75 9% of calves. Among the most significant biochemical data from the
diagnostic point of view, the determination of Ig and vitamin levels, acid-base balance
of blood, plasma levels of glucose, urea, some minerals and AST activity are included.

The selection of clinico-biochemical parameters of calves has to be purposeful. Dur-
ing the examination and diagnosis of metabolic disorders the development of im-
munological proceses, the lability of homeostasis, the functional and organ immaturity
and the dynamics in relation to calf age have to be taken into consideration.

Calf, blood, protein, Ig, vitamins, carotene, glucose, urea, enzymes, minerals, acid-base
values, PCV, hemoglobin, erythrocyte and leukocyte count.

The significance of research concerning the metabolic disorders for the development of large-
-scale animal production lies in several factors: the disorders are the cause of losses and influence
further development of an animal; moreover, they play an important role in the etiopathogenesis
of factorial and infectious diseases (Bouda 1979; Jago§ et al. 1982). The control of the develop-
ment of health condition in calves and especially that of metabolic disorders by clinical methods
of examination is very difficult, often even impossible, since these disorders usually are of sub-
clinical character. For this reason we have, similarly as in the case of adult animals, focused
our attention to the selection of clinico-biochemical data for the evaluation of dynamics of metabolic
development and to an early diagnosis of calf diseases.

When processing information from our and ample foreign literature we have found that the de-
termination of biochemical and hematological values in calves was usually carried out only once
(Vagher et al. 1973; Kitchenham et al. 1978; Slanina, Beseda 1979; Lumsden et al. 1980)
or that the dynamics was studied only in a short time interval (McMurray et al. 1978).

The aim of the presented work was to determine the basic biochemical and hematological
values for calves in relation to their age and in this way to elaborate and complete the system
of preventive diagnosis in cattle by effective methods of calf health control.
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Materials and Methods

Clinical and laboratory examination was conducted on 114 crossbred calves (Bohemian Pied x
X Black Pied Lowland) from birth to the age of six months. Blood samples were taken from v. ju-
gularis prior to colostrum intake and then after 1, 4, 7, 21, 42, 60, 90 and 180 days past the colostrum
intake. Altogether nine blood samples were taken from each calf. From the total number of 114
followed calves basic biochemical and hematological data were obtained from the set of 53 calves.
This set consisted of calves in good health condition. Another selection criterion was the immuno-
globulin level in blood serum measured in 4-day-old calves (McEwan et al. 1970). Its value
did not drop below 18 turbidity units.

The following clinico-biochemical and hematological parameters were determined: total protein
including fractions, and immunoglobulins in the blood serum, levels of vitamin A, E and C, caro-
tens, glucose, urea, enzyme activities (AST, GMT, ALP, LD), minerals (Na, K, Ca, Mg, inorg.
P, Zn, Cu, Fe) in the blood plasma. In the blood, acid-base values (pH, pCO,, BE, SB), hematocrit,
hemoglobin, methemoglobin, erythrocyte and leukocyte count were determined. Usual methods
wer«; employed for the determination of individual biochemical and hematological values (Jago$
et al. 1980).

Results and Discussion
Reference biochemical and hematological values in blood, blood plasma and
serum of calves are presented in Tables 1 to 4. The most important reference
values in calf blood are summarized in Table 5.

Table 1
Reference values in calf blood

Calf H pCO, Base excess | Hemoglobin | Hematocrit Eryttehx;o- Leukocytes
P 1Pa 'mmol/l g/l 11 @ G/l
age T/1
x s x s x s z s x s x s ES s
Without
colostrum 7.264 0.03 84 13 | —15 2.7 1243 184 0.40 0.06 | 7.65 1.37 |104 3.8
1 day 7.365 0.04 64 10 | +2.0 28 113.1 18.2 0.34 0.06 | 691 1.11 | 9.8 238
4 days 7.373 0.05 63 08 | +2.1 2.7 113.0 19.1 0.34 0.05 | 690 131 9.6 3.3
1 week 7.352 0.05 66 13 | +06 28| 1127 181 | 032 0.05| 6.68 1.07 | 9.0 3.7
3 weeks 7.366 0.03 66 09 | +15 25 109.2 182 | 0.32 0.06 | 6.39 0.09 | 88 2.8
6 weeks 7.358 0.03 65 0.6 | +03 25 103.1 159 0.32 0.05|6.49 095 | 79 238
2 months 7.356 0.04 6.5 0.8 +0.8 24 109.3 13.2 0.30 0.03 | 5.90 0.95 | 8.1 1.8
3 months 7.356 0.04 65 1.1 | 409 3.0 1123 122 | 0.34 0.05|7.08 0.72 | 9.3 2.1
6 months 7.358 0.02 6.6 07 | +1.6 32| 1082 127 |0.28 0.03 |593 139 [10.0 2.6
Table 2
Reference values in blood plasma of calves
N : N . - . . Lactate Aspartate | Gama-
Calf thz;xnun Vnacmm Vm;zmm Carotene h?)lsk?::::s e dehydro- amino | -glutamyl
mol/l o1/l mol/l pmol/l P Eat 1 genase transferase | transferase
age # #m ¥ t wkat/1 wkat/1 wkat/1
x s x s x s x s x s x s x s | x s
Without
colostrum 0.29 0.0 | 83.0 502 |21 23|005 004 | 3.1 1.1 89 24 ! 022 0.07 | 0.97 0.47
1 day 074 03 | 568 173 | 3.9 1.8 | 0.27 0.14 | 89 6.9 10.7 2.1 | 0.32 0.09 {20.09 18.88
4 days 070 0.2 | 51.2 124 | 42 1.6 | 0.26 0.15 | 39 14 10.2 2.6 | 0.22 0.06 | 7.36 6.37
1 week 0.72 0.2 | 40.0 173 | 38 1.6 | 0.22 0.15 ]| 28 1.1 9.1 22 | 021 0.07 | 448 3.81
3 weeks 079 0.2 | 414 226 |39 1.4 |0.14 0.08| 2.3 0.8 11.4 35 | 0.26 0.09 | 1.25 0.80
6 weeks 092 0.1 (382 177 | 43 1.2 |0.12 0.08 | 25 0.9 13.1 2.9 | 0.35 0.14 | 0.67 0.21
2 months 1.09 0.3 [ 38.0 169 | 54 2.0 (063 046 | 24 0.9 | 154 3.1 {053 0.24 | 0.68 0.26
3 months 1.27 0.2 .9 64|50 16093 053 | 20 05 154 2.0 | 035 0.10 | 0.53 0.11
6 months 1.72 0.2 - - 95 3.1 1422 255| 23 06 | 158 15 | 0.33 0.06 | 0.54 0.08




Table 3

Reference values in blood plasma of calves
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| Calf a Inorg. P Mg a Zn Cu Fe
age mmol/l mmol/1 mmol/1 mmol/1 mmol/1 pmol/l pmol/l pmol/l
s x s x s z s z s z '] z s z s
Without
colostrum | 2.76 0.16 | 3.04 0.8 | 0.92 0.10 | 149.7 4.5 | 53 0.4 | 43.2 25.2 65 1.4 | 383 12.7
1 day 276 0.23 | 2.76 0.6 | 0.96 0.09 | 148.1 5.9 | 5.6 0.5 | 40.7 28.6 8.7 2.7 | 32.6 135
4 days 281 048 | 258 0.4 | 0.88 0.12 | 146.0 55 | 53 0.4 | 453 25.0 13.6 3.2 | 286 8.2
1 week 2.74 026 | 259 0.2 [0.83 0.11 | 1450 5.0 | 54 0.4 | 415 255 | 169 3.6 | 29.1 9.5
3 weeks 276 025 | 2.78 0.3 | 0.83 0.07 | 146.2 53 | 5.4 0.5 | 380 143 | 17.0 3.7 | 32,7 13.7
6 weeks 2,69 0.16 | 2.97 0.2 | 0.85 0.09 | 1454 3.7 | 53 0.6 | 31.7 10.1 152 3.4 | 342 10.2
2 months 278 0.18 | 286 0.3 (0.87 0.12 | 1455 58 | 53 04 (249 8.6 | 149 29 |288 9.3
3 months 2,66 0.20 | 290 0.3 | 093 0.06 | 145.1 35 | 5.1 05 | 278 6.0 | 14.0 2.2 | 36,5 9.2
6 months 253 010 | 3.22 0.2 | 098 0.09 | 136.6 5.1 | 4.7 0.4 | 37.7 149 153 2.1 | 287 83
Table 4
Reference values in blood serum of calves (glucose and urea in blood plasma)
Imuno- Total : Alpha Beta Gamma
Calf globulins | protein A‘b“/‘l'““’ globulins | globulins | globulins m*;f m(ggf/l
age units g/l g g/l g/l g/l
X s x s x s z s £ s x s z s x s
Without
colostrum 1.0 0.9 453 3.6 26.1 4.6 13.0 24 50 2.1 1.1 0.9 41 14 | 46 1.2
1 day 243 6.2 60.7 8.3 25.1 5.8 12.8 3.1 74 29 15.2 5.6 6.6 2.0 | 45 1.6
4 days 22,21 6.0 59.4 7.6 252 53 11.6 2.3 74 20 146 5.0 54 12 |52 1.6
1 week - - 59.6 7.7 24.7 4.7 119 23 9.7 3.1 13.3 4.5 50 1.1 | 7.0 1.8
3 weeks - - 548 5.2 30.7 3.8 6.4 29 87 1.6 8.9 3.1 50 13 |72 14
6 weeks - - 535 5.2 30.6 4.7 46 19 9.5 19 8.8 3.0 53 09 |70 15
2 months - - 58.8 4.7 32.1 5.2 53 25 9.1 19 12.1 3.1 44 05 | 6.1 1.3
3 months - - 61.8 6.9 36.6 5.1 34 15 89 2.2 12,7 3.3 43 0.6 |57 13
6 months - - 66.7 6.9 - - - — - - - - 46 04 |44 1.2
Table 5
The most important reference biochemical and h tological values in calves (after colostrum intake)

. pH value of blood
. pCO; of blood

OOV LN

. Hematocrit (blood)

16. Iron (blood plasma)

. Base excess of blood

17. Copper (blood plasma)
18. Zinc (blood plasma)
19. Urea (blood plasma)
. Glucose (blood plasma)
21. Protein in colostral whey from the first milking
. Methemoglobin (blood)

. Imunoglobulins (blood serum)
Total protein (blood serum after colostrum intake)
Vitamin A (blood plasma)
. Vitamin E (blood plasma)
Gamma-globulins (blood serum)

10. AST (GOT) (blood plasma)

11. Hemoglobin (blood)

12. Magnesium (blood plasma)

13. Calcium (blood plasma)

14. Inorg. phosphorus (blood plasma)
15. Sodium (blood plasma)

higher than 18 units
higher than 60 g/l

higher than 12 g/1
7.350—17.430
5.06—6.66 kPa

0.28—0.38 1/1
0.167 —0.534 ukat/1
90—120 g/l
0.80—1.15 mmol/l
2.50—2.89 mmol/1
2.0—-2.91 mmol/l
136 — 150 mmol/l
24.3—35.1 pumol/l
12.6—18.9 umol/l
12.2—45.9 umol/l
2.5—6.6 mmol/l
4,18 —5.4 mmol/l
higher than 120 g/1
up to 350 umol/l

higher than 0.70 umol/l
higher than 4.64 ymol/1

— 0.5 — 4 3.5 mmol/1

In the first developmental phase the metabolic level is determined to a high
extent by metabolism of a pregnant cow, influencing the development of a young
animal both in prenatal and postnatal period. When making an investigation
and diagnosis of metabolic disturbances it is, however, necessary, as far as calves
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are concerned, to take into consideration the development of immunological
processes, the homeostasis lability, the functional and organ immaturity and the
dynamics of changes and their dependence on age (Bouda 1979; Jago§ et al.
1982). The choice of clinico-biochemical data in calves has to be purposeful, it
has to start from the previous history, veterinary and production analysis
and from clinical examination.

The diagnosis of hypogammaglobulinaemia, first of all in the relation of colostral
immunity in calves, is based on the determination of immunoglobulins, gamma-
-globulins and possibly of total protein in blood serum of calves 2—5 days old.
The Ig value in this period should not decrease below 18—20 turbidity units,
that of gamma globulins not below 10—12 g/l. For a rapid diagnosis of hypo-
gammaglobulinaemia in calves in field conditions the turbidimetric determina-
tion of Ig in blood serum is satisfactory.

Hypogammaglobulinaemia, as well as hypovitaminosis A, are detected in calves
very frequently, in some herds in as many as 50—75 9, of calves (Jagos$ et al.
1980). Since the diagnosis of hypovitaminoses on the basis of clinical signs is
very questionable, the determination of vitamin A, E or C in blood plasma, as
well as that of thiamine when cerebrocortical necrosis in calves is suspected, is
justified. Prior to colostrum intake the vitamin A levels in calf blood plasma are
below 0.35 pmol/1 (less than 100 ug/l) (Bouda et al. 1980). During the colostral
nutrition of calves the plasma vitamin A level should reach above 0.7 umol/l
(200 ug/l). Plasma vitamin E levels in calves prior to colostrum intake are also
very low, outlasting for a longer time if vitamin E is not supplemented (Bouda
et al. 1980).

The determination of acid-base balance (Bouda 1975) is one of the important
biochemical indices. In newborn, clinically healthy calves immediately after
birth the pH value of venous blood is lower, while pCO, is increased. Our re-
sults concerning the acid-base values are in accordance with the values found
by Maurer — Schweizer and Walser (1976). Frequent shift of acid-base
balance to acidity is found in the blood of calves changing from native milk to
milk replacers and from milk to plant nutrition.

When evaluating hematological values of calves it is necessary to take into
account physiological particularities in connection with development and growth.
Hydrolability of calves, particularly a frequent occurrence of dehydration, sub-
stantially influence the hematological values. Homeostasis in calves may be
disturbed by the immaturity of enzymatic system, first of all by not respecting
the phase of functional maturity of digestive system in the first three weeks
after birth (Bouda 1975). From the hemoglobin and hematocrit values as well
as from the iron concentration in blood plasma it is possible to reveal the cases
of anemia.

Increased AST activities and lowered vitamin E concentrations are found in
calves 2—4 months old, i. e. in the period of increased occurrence of myody-
strophies (Bouda et al. 1980).

As for minerals contained in calf blood plasma, attention should be paid first
of all to the concentration of Na, K, Ca, Mg, inorg. P, Fe, Cu, Zn and J. The
inorganic P concentration in calf blood plasma is significantly higher than that
in cows. The changes in Na and K concentrations are detected mostly in diarr-
hoea, as a consequence of dehydration and acidosis. The lowest Mg concentra-
tions in blood plasma are found in calves 1—4 months old.

Increased urea levels in blood plasma are found in calves suffering from dia-
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rrhoea and are indicative of the increased dietary intake of nitrogen compounds.
The lowest glucose concentrations in blood plasma occur in calves prior to
colostrum intake, during plant nutrition, being however higher than reference
values for dairy cows (Jago$ et al. 1975).

Biochemické a hematologické referentni hodnoty u telat a jejich vyznam
pri aktivni kontrole zdravi

Bylo provedeno klinické a laboratorni vySetfeni u 114 telat od narozeni do
stafi 6 mésicti. Krev u telat byla odebirdna z v. jugularis pfed vypitim prvni
davky kolostra, za 1, 4, 7, 21, 60, 90 a 180 dni. Z celkového poétu sledovanych
114 telat byly referenni biochemické a hematologické hodnoty ziskidny na sou-
boru 53 zdravych telat.

V zavislosti na véku telat byly urCeny referencni hodnoty v krevnim séru pro
celkovou bilkovinu v¢etné frakci, imunoglobuliny, v krevni plazmé pro vitamin
A, E, C, karoteny, glukézu, moCovinu, aktivity enzymt (AST, GMT), mineralie
(Na, K, Ca, anorg. P, Zn, Cu, Fe). V krvi telat byly stanoveny acidobazické
hodnoty krve (pH, pCO,, BE, SB), hematokrit, hemoglobin, pocet erytrocyti
a leukocytu.

Hypogamaglobulinemie, hypovitaminéza A a E jsou zji§toviany u 50—75 %,
telat. Mezi nejvyznamnéj$i biochemické ukazatele z diagnostického hlediska
u telat ndlezi stanoveni Ig, vitamini, acidobazické rovnovahy krve, plazmatické
hladiny glukézy, mocoviny, nékterych mineralii a aktivity AST.

Vybér klinickobiochemickych ukazatelti u telat musi byt cileny. Pfi zkouméni
a diagnostice poruch metabolismu u telat je nutné pfihlizet k vyvoji imunolo-
gickych procesu, k labilit¢ homeostdzy, k funkéni a orgdnové nezralosti a k dyna-
mice v zavislosti na véku telete.

BuoxuMuueckne u reMaToJOrHUYECKHE pecpepa'mnnme OAaHHBIE Yy TeJAT
¥ UX 3HaYEHHE IIPH aKTHBHOM KOHIDOJE 3X0POBBA

IIpoBonuauce kKiInHUYECKHe u JabopaTopHble ucciaenoBanus 114 Tessar co mHsa
pOXIeHus 1O Bo3pacTa 6 MecaneB. KpoBb Tenar 6panu us speMHOHM BeHLI IEpen
moTpefieHueM NepBOi NO3BI MOJIO3uBa, depes 1, 4, 7, 21, 60, 90 u 180 nmeir. Us
ofmiero koJumyecTBa ucciaenyeMbix 114 Ttenar pedepaTuBHBIE 6GUOXUMUUYEIKUE
Y TeMaTOoJIOTHYeCKHe BeJHMYMHBI ObLIM IOJIy4eHH y TPYHNsl 53 3MOpOBBIX TEJIAT.

B 3aBucmMocTH OT Bo3pacTa TeJNAT GBIIN OIpeneseHbl pedepaTuBHbIE BeAUYM-
HBEl B KpOBSHOM CBIBOPOTKe nJs obijero 6eika, BKJouas PpaKkuuu, UMMyHOIJIO-
6yauHbL, B KpoBsHOM muiasMe mjs ButaMuHoB A, E, C, kaporuna, Iioxosni, Mo-
uesunsl, aktusHocrelt su3uMoB (AST, GMT), munepamuit (Na, K, Ca, reoprasx.
P, Zn, Cw, Fe). B xooBu Tenar 6uuIn OmpeneseHb! KUCJIOTHO-OCHOBHBIE BEJIUYH-
unt kposu (PH, pCO,, BE, SB), remartoxpur, remormo6un, umcio apurTpomu-
TOB U JIEHKOLIUTOB.

T'unoramMmarao6yaunemusi, runosuramMunod A u E ycranosnenst y 50—75 %
teanT. K BaxHeMmuM 6UOXMMHUUYECKMM IIOKA3aTeNIs M C NUATHOCTHYECKOH TOYKU
3pEHHs y TEJAT INPUHANJEKHUT ompeleneHue g, BUTaMMHOB, KHUCJIOTHO-IEIO0U-
HOTO PaBHOBECHS KPOBH, IIJIa3MaTHYECKOTO YPOBHS TJIIOKO3bI, MOYEBUHBI, HEKOTO-
phix MuHepaabHBIX Bemjects u akrusHoctH AST,
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Bri6op KIMHUKO-6MOXMMUUYECKUX IIOKAa3aTeNed y TeJAT NOJKEH OBITh ele-
HampaBiaeHHbIM. IIpy wmccienoBaHMKM ¥ AMArHOCTHKE HapylIeHUs MeTafosinsMa
TEJIAT HeO6XONUMO YYHUTHIBATh Pa3BUTHE MMMYHOJOINYECKUX IIPOLIECCOB, HEYCTOM-
YHBOCTH TOMEOCTa3a, QYHKIIMOHAJIBHOE HECOBEPLIEHCTBO M HE3PEJIOCTh OpTaHOB
M ODVHaMUKy 3aBUCHMOCTH OT BO3pAacTa TeJEHKa.
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