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Egeli AK, Framstad T, Morberg H: Clinical biochemistry, haematology and body 
weight in piglets. Acta vet. scand. 1998, 39, 381-393. - Reference ranges for clinical 
biochemical parameters commonly investigated in pigs were determined in one- (day 1 ), 
21- and 35-day old piglets. The mean and standard deviation were also estimated for 
body weight, and haematological and clinical biochemical parameters at these ages. The 
piglets were divided into 2 investigation groups according to whether they had a 
haemoglobin concentration 80 g/l ("anaemic group") or > 80 g/l ("normal group") on 
days 14, 21and28. The "anaemic group" was compared to the "normal group" on days 
21 and 35. Many of the clinical biochemical parameters varied according to age. Some 
of the enzymes had high average values and wide reference ranges in piglets, especially 
on day l, compared to the reference ranges for sows given in the literature. The refer
ence ranges for some of the metabolic parameters were broader on day 1 than later in 
the preweaning period. The reference ranges for albumin, total iron-binding capacity 
and serum iron were, however, lower and more narrow on day l. On days 21 and 35, rel
atively high values for phosphorus must be considered "normal" compared to the fig
ures given in the literature for adult pigs. The other minerals seemed to be quite unaf
fected of age, but some were affected by anaemia. The anaemic piglets had lower 
average serum iron but higher total iron-binding capacity than the "normal" piglets on 
days 21 and 35. However, variation between piglets gave wide reference ranges, indi
cating that these parameters will only have limited usefulness in detecting iron defi
ciency anaemia in piglets. The electrolytes seemed also to be affected by the existence 
of anaemia. The body weight and leukocyte counts were significantly lower in the 
"anaemic group" than the "normal group" on day 35, while the greatest differences in 
clinical biochemical parameters between the groups were found on day 21, when the 
piglets in the "anaemic group" were most severely anaemic. Although these piglets suf
fered from severe iron-deficiency anaemia, only a few clinical biochemical parameters 
were affected, and the differences between groups were mostly small. 

anaemia; reference ranges; wood chemistry; blood values. 

Introduction 
Normal values in clinical biochemistry may 
vary with a number of factors, including diet, 
housing, season, age, stage of pregnancy, lacta
tion phase, breed and sex (Wilson et al. 1972, 
Tewes et al. 1979, Groth et al. 1986, Framstad 
et al. 1991). Differences in sampling and anal-

ysis procedures may also affect the results 
(Tumbleson et al. 1986, Framstad et al. 1989). 
Most of the literature concerning clinical bio
chemistry in pigs has concerned sows during 
pregnancy and lactation, and growing pigs 
(Reese et al. 1984, Friendship et al. 1984, 
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Kaneko 1989, Framstad et al. 1991). Informa
tion on new-born and suckling piglets is sparse. 
Knowledge of clinical biochemistry in suckling 
piglets is probably not of great importance in 
ordinary veterinary practice, but may be useful 
when piglets are used for research. Most of the 
available studies on clinical biochemistry in 
piglets address only a few parameters or a re
stricted time frame ( Ullrey et al. 1967, Tumble
son et al. 1972, Brenner & Giirtler 1977, Glaw
ischnig et al. 1977), the most commonly 
investigated parameters being minerals, glu
cose and proteins. 
Unless piglets are given iron supplements, they 
become anaemic a few days after birth (Furu
gouri 1975). This may interfere with clinical 
biochemistry. In haematology, numerous stud
ies have been performed to evaluate the effect 
of iron treatment. The reference ranges for 
haematological parameters in piglets are very 
difficult to estimate because they vary with iron 
treatment. 
The aim of the present study was to obtain a 
general picture ofreference ranges for common 
biochemical parameters in "normal" and 
"anaemic" piglets during the nursing period. 
The mean and standard deviations for body 
weight and different haematological and clini
cal biochemical parameters of the piglets were 
also estimated. 

Materials and methods 
This trial was carried out on the Norwegian 
College of Veterinary Medicine's research 
farm. Piglets from 19 sows of the Norwegian 
Landrace breed were available for the study. 
The sows were fed pelletted feed at a level of 
2.2 + 0.5 feed units per piglet (Optimat 3 with 
enzymes®) per day. The piglets were kept with 
the sows in farrowing crates on a concrete floor. 
Besides suckling the sows, the piglets were fed 
pelleted food (Format K vikk®) from 7 days of 
age. Feed composition (as declared) is shown in 

Acta vet. scand. vol. 39 no. 3, 1998 

Table 1. The male piglets were not castrated 
during the study, and no routine medical treat
ment was given. All piglets were individually 
tattooed with a number in the ear. 
On the morning of day 1, i.e. 24 ± 12 h after 
birth, the piglets were weighed and blood sam
pled before being divided into 2 treatment 
groups. Half of the piglets (split litters) were in
jected subcutanously in the inguinal area with 
180 mg iron as iron-dextran (Idofer®). All 
piglets had on average access to 2-3 g amino 
acid-chelated iron (Bioplex®) (about 50 mg 
iron) daily from day 1. The piglets were also 
weighed and bled in the morning on days 7, 14, 
21, 28 and 35. 
The day 1 data from all the piglets which were 
healthy at birth, and which survived to weaning 
at 5 weeks were included in the study (n = 133). 
On days 21and35 the piglets were divided into 
2 investigation groups according to whether 
they were considered anaemic or not. The 
piglets in the "anaemic group" were included 
on the basis that they had a haemoglobin 
concentration 80 g/l on days 14, 21 and 28, 
and had not been injected with iron-dextran 
(n = 42). The piglets in the "normal group" 
were included on the basis that they had a 
haemoglobin concentration of> 80 g/l on days 
14, 21 and 28 and had been injected with iron
dextran as previously described (n = 60). In ad
dition, only piglets which were clinically 
healthy on days 21 and 35 were included. The 
decrease in number of piglets from day 1 to day 
21 and 3 5 was mainly due to the fact that the not 
included piglets did not fulfil the criteria of a 
haemoglobin concentration of> or< 80 g/l over 
a prolonged period. The number of males and 
females in each group was nearly the same. One 
ml blood designated for haematological analy
sis was collected in tubes containing ethylene 
diaminetetra-acetic acid (EDTA) as an antico
agulant, and 2 ml blood designated for clinical 
biochemistry was collected in plain tubes by the 



Clinical biochemistry, haematology and weight in piglets 383 

method earlier described (Framstad et al. 
1988). 
Blood samples collected for haematology at 
week-ends were stored in a refrigerator until 
Monday morning, although most of the sam
ples were analysed on the same day as col
lected. The plain tubes for clinical biochemistry 
were centrifuged within 2 h at 3000 rpm. for 10 
min, the serum being kept at -20 °C until anal
ysis. The laboratory performing the analyses 
participates in the Norwegian quality control 
programmes, organised by Labquality (Fin
land), for clinical chemical and haematological 
analyses. 
The haemoglobin concentration (HGB), ery
throcyte count (RBC), mean cell volume 
(MCV), erythrocyte distribution width (RDW) 
and haemoglobin distribution width (HDW), as 
well as the number of leukocytes (WBC), neu
trophilic granulocytes (NEUT), lymphocytes 
(LYMP), monocytes (MONO), eosinophilic 
granulocytes (EOS), basophilic granulocytes 
(BASO) and large unstained cells (LUC), were 
measured using an automated blood analyser; 
Technicon H* l ® (Technicon Instrument Corp, 
Tarrytown, NY). Haematocrit (HCT), mean 
cell haemoglobin (MCH) and mean cell 
haemoglobin concentration (MCHC) were esti
mated by the Technicon H* 1 ® from RBC and 
MCV in HCT, RBC and HGB in MCH, and 
RBC, HGB and MCV in MCHC. 
The serum was analysed on days 1, 21 and 35 
by an automated Technicon Axon® (Technicon 
Instrument Corp, Tarrytown, NY) analyser for 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase 
(AP), creatine kinase (CK), lactate dehydroge
nase (LD), gamma glutamyltransferase (GGT), 
glutamate dehydrogenase (GD), total protein 
(TP), albumin (Alb), urea, creatinine (Creat), 
total bilirubin, (TB), cholesterol (Chol), trigly
serides (Trig), free fatty acid (FFA), glucose 
(Glu), phosphorus (P), calcium (Ca), magne-

Table 1. The composition of pellet feed fed to, re
spectively, sows (Optimat 3 with enxymes®) and 
piglets (Format kvikk®). 

Feed units/100 kg 
Protein(%) 
Fat(%) 
Ash(%) 
Fibre(%) 
Ca(%) 
p (%) 
Na(%) 
Cu (mg/kg) 
Se (mg/kg) 
Fe (mg/kg) 
Zn (mg/kg) 
Mn(mg/kg) 
I (mg/kg) 

Optimal 3 with Format kvikk® 
with enzymes® 

96.0 
15.5 
4.3 
4.7 
6.1 
0.89 
0.72 
0.20 

15 
0.3 

75 
105 
60 

0.75 

114.4 
16.7 
5.9 
5.0 
3.3 
0.81 
0.68 
0.17 

20 
0.4 

200 
140 
80 

The pellet feed also contained added vitamins. 

sium (Mg), sodium (Na), potassium (K), chlo
ride (Cl), serum iron (Fe) and total iron-binding 
capacity (TIBC). The methods are shown in 
Table 2, and the analyses were performed at 
37 °C. The control sera were Testpoint 1 and 2® 
("Bayer"), Seronorm® ("Nycomed"), Sero
norm lipid® ("Nycomed") and Precinom E® 
("Boehringer Mannheim"). 
The number of piglets (n) varied somewhat be
tween the parameters because of too little 
serum to perform the analyses in some cases, 
and, in others, because ofhaemolysis, coagula
tion or lipaemia which might have interfered 
with the results. 
When results were found to show a Gaussian 
distribution according to Shapiro-Wilk's test at 
a significance level of 5%, the reference range 
includes the values within 1.96 standard devia
tions (SD) from the mean (Mean ± l.96 SD). 
Non Gaussian-distributed data were logarithmi
cally transformed, and if then found to show a 
Gaussian distribution, values within Mean ± 
l.96 SD were included in the reference ranges. 
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Table 2. Methods in clinical biochemical analysis. 

Method Reaction Type Manufacturer 

AST IFCC w.o./P5P (2 reagent) Zero-order kinetic "Bayer" 
ALT IFCC w.o./P5P (2 reagent) Zero-order kinetic "Bayer" 
AP SCE, DEA buffer Zero-order kinetic "Bayer" 
CK IFCC, NAC activated (1 reagent) Zero-order kinetic "Bayer" 
LD SCE®, P-7L, 340 nm TRIS Zero-order kinetic "Bayer" 
GGT SCE (Szasz) Zero-order kinetic "Bayer" 
GD "Optimized standard method" Zero-order kinetic "Boehringer 

(conforming to the recommendations ofDGKC) Mannheim" 
TP Biuret Endpoint "Bayer" 
Alb BCG dyr-binding w/rapid absorbance Endpoint "Bayer" 
Urea Urease w/GLDH First-order kinetic "Bayer" 
Creat Jaffe, alkaline picrate First-order kinetic "Bayer" 
TB Blanked diazo Endpoint, blanked "Bayer" 
Chol Enzymatic, Trinder 525 nm Endpoint "Bayer" 
Trig GPO, Trinder w.o./serum blank Endpoint "Bayer" 
FFA Enzymatic 550 nm (Method: ACS-ACOD-MEHA) Endpoint "Wako" 
Glu Hexokinase, 340 nm 
p Phosphomolybdate, 340 nm 
Ca Cresolphtalein complexone 
Mg Enzymatic uv method 

Na ISE, diluted 
K ISE, diluted 
Cl Ferric thiocyanate 
Fe w.o./deproteinization-w/Ferrozine® 
TIBC Saturation of transferrin and adsorption of 

excess iron. Determination of iron is then 
performed using the same kit. 

The analyses were performed at 3 7 °C. 

Measurements which still failed to show a 
Gaussian distribution are given as percentiles. 
The reference limits given are the 2.5th and 
97.5th percentiles, and also the 10th and 90th 
percentiles. Comparison of 2 means between 
the groups on days 21 and 35 was done using 
the t-test. 

Results 
The differences between anaemic and "normal" 
piglets in haematological parameters, except 
MCHC estimated by the Technicon H* 1, were 
as excepted (Table 3). The anaemic piglets had 
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Endpoint "Bayer" 
Endpoint "Bayer" 
Endpoint "Bayer" 
Endpoint "Bayer" 

(SERA-PAK) 
Potentiometric "Bayer" 
Potentiometric "Bayer" 
Endpoint "DCV' 
Endpoint "bioMerieux" 
Endpoint "bioMerieux" 

lower weight (p<0.05), WBC (p<0.01), NEUT 
(p<0.001) andEOS (p<0.01) on day 35 than the 
"normal piglets" (Table 3). Serum Fe and TIBC 
were low at birth, and serum Fe was lower and 
TIBC higher in anaemic than in "normal" 
piglets on days 21 and 35 (Table 4). AST, ALT, 
AP and LD were lower in the anaemic piglets 
than the "normal" piglets on day 21. The elec
trolytes Na and CL were also lowest in the 
anaemic piglets compared to the «normal» on 
day 21 (Table 4). Reference ranges in clinical 
biochemistry for anaemic and "normal" piglets 
are given in Table 5. 
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Table 3. Body weight and haematological parameters in piglets the day after birth (Day 1), and in one group 
of anaemic and one group of normal piglets on days 21 and 35 (Mean± SD). 

Day I Day21 Day21 Day35 Day35 
Normal piglets Anaemic piglets Normal piglets Anaemic piglets 

n= 133 n=60 n=42 n=60 n=42 

Weight (kg) 1.79 (0.38) 7.27 (1.91) 6.78 (1.54) 12.20 (3.18) 10.73 (2.51)* 
HGB (g/l) 81 (10) 102 (10) 47 (10)*** IOI (IO) 66 (22)*** 
RBC (xl012/l) 3.85 (0.65) 5.35 (0.50) 2.93 (0.80)*** 5.79 (0.68) 4.41 (1.58)*** 
MCV (fl) 69.4 (6.6) 63.6 (6.4) 46.8 (7.8)*** 56.5 (6.6) 44.8 (6.5)*** 
RDW(%) 18.4 20.3 35.1 *** 20.6 33. l *** 
HDW (g/l) 33.4 25.1 35.8*** 22.3 29.5*** 
HCT (1/1) 0.26 (0.04) 0.34 (0.03) 0.14 (0.05)*** 0.32 (0.03) 0.21 (0.08)*** 
MCH (pg) 21.2 (2.0) 19.2 (1.9) 16.5 (2.0)*** 17.6 (2.1) 15.5 (2.3)*** 
MCHC (g/l) 306 (13) 302 (9) 361 (77)*** 311 (IO) 336 (61)** 
WBC (xl09/l) 9.07 (4.23) 8.40 (3.38) 8.47 (3.11) 13.58 (3.94) 11.25 (3.24)** 
NEUT (xl09/J) 6.56 (3.90) 3.08 (l.72) 2.68 (1.61) 5.56 (2.94) 3.73 (1.56)*** 
LYMP (xl09/l) 1.77 (0.61) 4.57 (2.53) 5.02 (2.33) 6.78 (2.19) 6.51 (2.47) 
MONO (xl09/l) 0.36 (1.13) 0.19 (0.10) 0.21 (0.12) 0.21 (0.10) 0.20 (0.10) 
EOS (xl09/l) 0.08 (0.05) 0.14 (0.13) 0.09 (0.10) 0.20 (0.14) 0.12 (0.08)** 
BASO (x109/l) 0.03 (0.03) 0.08 (0.11) 0.05 (0.04) 0.12 (0.12) 0.10 (0.17) 
LUC (xl09/l) 0.27 (0.13) 0.38 (0.22) 0.42 (0.22) 0.72 (0.31) 0.64 (0.25) 

SD in parentheses.*= p<0.05, ** = p<0.01, *** = p<0.001 between groups on the same day. 

Discussion 
The clinical biochemical parameters evaluated 
in piglets in the present study were parameters 
which are normally investigated in clinical bio
chemistry in adult pigs, i.e. concerning organ 
profiles, minerals and electrolytes, and fat, car
bohydrate and protein metabolism. Only piglets 
considered suitable for research purposes were 
included, i.e. survived to weaning and with no 
history of serious disease. The piglets which 
joined the "normal group" were raised under 
conditions usual in many countries, and the ref
erence ranges should therefore be representa
tive for piglets in general. 
One of the aims of the study was to investigate 
whether iron deficiency has any effect on clini
cal biochemistry. The anaemic limit, i.e. the 
point when the anaemia begins to exert a detri
mental effect on weight gain or gives rise to 
clinical symptoms of anaemia, is by most au
thors set at a haemoglobin concentration of 80 

g/l (Agricultural Research Council 1967, Bau
stad 1969, Furugouri 1975, van Kempen 1987). 
Anaemia over a period probably has an even 
more severe effect on performance. The piglets 
which joined the "anaemic group" were 
anaemic for at least the first 4 weeks of life. At 
weaning, although some of these piglets had 
achieved normal haemoglobin concentrations, 
probably because of higher consumption of pel
leted food during the last week of the prewean
ing period, they had nevertheless suffered from 
anaemia over a prolonged period. The haemato
logical values in the "anaemic group" strongly 
indicated a severe iron deficiency anaemia on 
day 21, and a more moderate anaemia on day 
35. Iron-deficiency anaemia is generally ac
cepted to be hypochromic. Nevertheless 
MCHC was higher in the "anaemic" than in the 
"normal group" in the present study, when esti
mated by the Technicon H* l. However, MCH, 
which was also estimated, was, as expected, 
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Table 4. Clinical biochemical parameters in piglets the day after birth (Day 1), and in one group of anaemic 
and one group of normal piglets on days 21 and 35 (Mean± SD). 

AST (U/l) 
ALT (U/l) 
AP (U/l) 
CK (U/l) 
LD (U/l) 
GGT (U/l) 
GD (U/l) 
TP (g/l) 
Alb (g/l) 
Urea (mmol/l) 
Creat (µmo!/!) 
TB (µmo!/!) 
Chol (mmol/l) 
Trig (mmol/l) 
FFA (mmol/l) 
Glu (mmol/l) 
P (mmol/l) 
Ca(mmol/l) 
Mg (mmol/l) 
Na (mmol/l) 
K (mmol/l) 
Cl (mmol/l) 
Fe (µmol/l) 
TIBC (µmol/l) 

Day I 

n= 133 

103 
51 
4193 
639 
1567 
65 
7 
54 
11 
5.7 
70 
6 
1.9 
1.3 
0.5 
5.0 
2.0 
2.7 
0.81 
139 
4.1 
107 
9 
33 

(49) 
(15) 
(1328) 
(633) 
(565) 
(27) 
(6) 
(12) 
(2) 
(2.4) 
(12) 
(4) 
(0.6) 
(1.0) 
(0.2) 
(1.2) 
(0.6) 
(0.2) 
(0.11) 
(7) 
(0.8) 
(6) 
(5) 
(11) 

Day21 
Normal piglets 
n=60 

29 
28 
1290 
379 
1236 
36 
5 
52 
32 
2.0 
87 
4 
3.8 
1.1 
0.5 
6.8 
3.4 
2.9 
0.98 
143 
4.4 
109 
33 
94 

(10) 
(10) 
(517) 
(339) 
(295) 
(11) 
(8) 
(7) 
(4) 
(1.0) 
(12) 
(2) 
(1.2) 
(0.5) 
(0.3) 
(0.6) 
(0.4) 
(0.2) 
(0.15) 
(6) 
(0.5) 
(7) 
(22) 
(21) 

Day21 
Anaemic piglets 
n=42 

21 
23 
1036 
395 
956 
35 
5 
55 
33 
2.7 
81 
4 
3.7 
0.9 
0.5 
6.7 
3.2 
2.9 
0.93 
137 
4.6 
105 
9 
146 

(8)*** 
(6)** 
(388)** 
(333) 
(243)*** 
(12) 
(11) 
(6)* 
(3) 
(l.l)*** 
(10)** 
(2) 
(l.1) 
(0.4)* 
(0.2) 
(0.9) 
(0.4) 
(0.2) 
(0.13) 
(6)*** 
(0.5) 
(6)** 
(10)*** 
(21)*** 

Day35 
Normal piglets 
n=60 

32 
39 
824 
659 
1207 
29 
2 
48 
30 
2.1 
92 
2 
3.0 
0.9 
0.4 
6.7 
3.3 
2.8 
0.84 
143 
4.3 
107 
32 
92 

(14) 
(20) 
(296) 
(778) 
(353) 
(7) 
(3) 
(8) 
(5) 
(0.8) 
(11) 
(2) 
(0.7) 
(0.6) 
(0.3) 
(0.8) 
(0.3) 
(0.2) 
(0.12) 
(4) 
(0.4) 
(5) 
(18) 
(25) 

Day 35 
Anaemic piglets 
n=42 

28 
31 
841 
520 
1084 
30 
2 
52 
32 
2.5 
88 
3 
3.3 
0.8 
0.3 
6.6 
3.2 
2.8 
0.91 
141 
4.5 
106 
23 
127 

(19) 
(11)* 
(284) 
(572) 
(296) 
(7) 
(3) 
(8)* 
(5)* 
(1.5) 
(12) 
(3) 
(1.0) 
(0.4) 
(0.2) 
(1.0) 
(0.4) 
(0.2) 
(0.12)** 
(6)** 
(0.6) 
(4) 
(19)* 
(27)*** 

SD in parentheses.*= p<0.05, ** = p<0.01, *** = p<0.001 between groups on the same day. 

lowest in the "anaemic group". MCV, as mea
sured by the Technicon H* 1, was also lowest in 
the "anaemic group". RDW and HDW were 
both higher in the "anaemic" than in the "nor
mal group", which was as expected from the re
sults of earlier studies performed by the authors 
Egeli & Framstad 1998a and b. 
Gainer et al. (1985) found depletion of the neu
trophil count in iron-deficiency anaemic 
piglets. A lower WBC, caused by a lower neu
trophil counts, was also found in the present 
study on day 35 in the anaemic piglets com
pared to the normal piglets. The eosinophils 
were also lower in the "anaemic group" than in 
the "normal group" at this time. A lowering of 
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the neutrophil count in the anaemic piglets may 
increase their susceptibility to infection. The 
clinical significance of lowered eosinophil 
counts is more uncertain. 
The data used for determining the reference 
ranges for clinical biochemical parameters 
were first investigated for Gaussian distribu
tion, either directly or logarithmically trans
formed. If they were found to show a Gaussian 
distribution, the standard procedure for deter
mining reference boundaries of applying the 
Mean± 1.96 SD was used (Farver 1989). The 
commonly used method of applying the 97.5th 
and 2.5th percentiles (Farver 1989) was em
ployed for non-Gaussian distributed data. Pro-
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Table 5. Reference ranges for clinical biochemical parameters in piglets the day afterbirth (Day 1), and in one 
group of anaemic and one group of normal piglets on days 21and35. 

Day 1 Day21 Day21 Day35 Day35 
Normal piglets Anaemic piglets Normal piglets Anaemic piglets 

n= 133 n=60 n=42 n=60 n=42 

AST (U/l) 36-236 b 14-52 b 6-36 a 8-84 c 14-125c 
18-44 d 14-42 d 

ALT (U/l) 27-87b 14-50 b 11-34 a 15-108 c 10-52 a 
22-66 d 

AP (U/l) 2152-7410 b 691-3249 c 500-1905 b 375-1592 b 285-1397 a 
832-1779 d 

GGT (U/l) 30-123 b 19-62 b 18-61 b 8-41 c 16-43 a 
22-39 d 

TP (g/l) 31-77 a 39-66 a 44-67 a 33-63 a 36-68 a 
Alb (g/l) 7-15 a 24-40 a 26-39 a 20-39 a 22-42 a 
Urea (mmol/l) 1.4-11.5 c 0.6-4.8 b 1.2-5.4 b 0.5-3.8 a 0.7-6.3 b 

2.9-9.6 d 
Creat (µmol/l) 53-96 c 63-110 a 62-100 a 73-111 c 65-111 a 

56-88 d 80-110 d 
TB (µmol/l) 0-16 c 0-9 c 0-10 c 0-7 c 0-16 c 

2-10 d 1-7 d 2-7 d 1-4 d 1-5 d 
Chol (mmol/l) 1.0-3.5 b 2.0-6.5 b 2.1-8.0 c 1.6-4.3 a 1.8-5.4 b 

2.5-5.0 d 
Trig (mmol/l) 0.3-4.l b 0.4-2.5 b 0.2-2.4 c 0.3-3.0 c 0.3-1.6 b 

0.6-1.4 d 0.4-1.7 d 
FFA (mmol/l) 0.2-1.l c 0.1-1.3 c 0.2-1.l c 0.1-1.5 c 0.1-0.8 c 

0.2-0.7 d 0.3-0.9 d 0.2-0.7 d 0.1-0.8 d 0.1-0.7 d 
Glu (mmol/l) 2.6-7.4a 5.7-8.l b 5.0-8.4 a 5.l-8.3a 4.7-8.6 a 
P (mmol/l) 0.8-2.9 c 2.5-4.2 a 2.5-4.l b 2.6-4.0 a 2.4-4.0 a 

1.1-2.5 d 
Ca (mmol/l) 2.l-3.2c 2.6-3.3 c 2.5-3.2 a 2.4-3.3 c 2.4-3.2 a 

2.4-2.9 d 2.6-3.l d 2.5-3.0 d 
Mg (mmol/l) 0.59-1.03 a 0.69-1.26 a 0.68-1.19 a 0.59-1.08 a 0.67-1.14 a 
Na (mmol/l) 118-147 c 135-163 c 119-154 c 132-152 c 130-152 a 

134-145 d 137-148 d 129-143 d 138-148 d 
K(mmol/l) 2.5-5.7 a 3.4-5.5 a 3.7-5.8 c 3.4-5. l a 3.5-5.6 b 

3.8-5.2 d 
Cl (mmol/l) 95-120 c 99-132 c 93-117 a 99-124 c 98-114 a 

102-114d 102-116 d 101-114d 
Fe (µmol/l) 4-24 c 5-83 c 3-67 c 8-89b 4-82 b 

5-17 d 8-65 d 5-12 d 
TIBC (µmoll!) 16-63 b 59-141 b 104-188 a 44-141 a 74-181 a 

a = Gaussian distributed. 
b = Gaussian distributed when logarithmically transformed. 
c = 2.5th and 97.5th percentiles. 
d = 10th and 90th percentiles. 
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viding a large number of measurements are 
taken, this gives a good assumption (Lumsden 
& Mullen 1978). In the present trial, the num
ber of animals joining the groups was fairly re
stricted, and the consequent rather few outliers 
will affect the percentiles. For most of the pa
rameters, however, the plots showed a near 
Gaussian distribution, and the 97.5th and 2.5th 
percentiles were very close to what would have 
been the reference limits ifMean ± 1.96 SD had 
been used. When the 90th and 10th percentiles 
were used in such cases, the normal reference 
range became more narrow and excluded val
ues on both sides, resulting in more false posi
tive values being found in the population. 
The average elevation of TIBC and decrease in 
serum Fe in the anaemic piglets found in the 
present study on days 21 and 35 are in agree
ment with other studies (Furugouri 1975, Dall
man 1986). Serum Fe was, however, very high 
in some severely anaemic piglets on day 21, 
possibly due to these piglets having ingested 
iron before a satisfactory rise in HGB had oc
curred. This indicates that serum Fe levels do 
not always reflect the levels of HGB or iron 
stores. 
The average weaning weight of the anaemic 
piglets in the present study was 10. 75 kg, which 
must be considered to be high. The "normal" 
piglets weighed, however, 12.20 kg, reflecting 
the high growth capacity of Norwegian Lan
drace piglets. The 180 mg iron injected on day 
1 will cover the iron demands in piglets show
ing this rate of weight gain for only about 14 
days when sow's milk is the sole source of food 
(Egeli 1998). Although the piglets had access to 
extra iron and pelleted feed, the relatively low 
HGB values found on days 21 and 35 in the in
jected piglets, seen together with results from 
another study performed by the authors, indi
cate that the iron reserves at these times after 
birth were beginning to be depleted (Egeli & 
Framstad 1998a). The very wide reference 
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range for serum Fe in the "normal group" may 
also indicate that iron reserves are beginning to 
be depleted, despite still satisfactorily high 
HGB levels. The reference ranges for serum Fe 
and TIBC, are, like the haematological parame
ters, affected by the administration of iron to 
the piglets. The administration of more iron, or 
less iron, or poorer weight gain, would probably 
have influenced the reference ranges for these 
parameters. Although giving an indication of 
the iron reserves, it therefore seems inappropri
ate to speak of "normality" in such cases. 
When the plots were skewed to the right, the 
90th percentiles were quite different from the 
97.5th percentiles. This was particularly the 
case for GD on days 1 and 21. The samples with 
very high GD were measured twice with the 
same results, which could not be explained by 
illness, lipaemia or haemolysis. This makes it 
nearly impossible to evaluate GD in a few weeks 
old piglets. The results of GD are probably un
certain and are therefore not shown in Table 5. 
Some of the enzyme data were also moderately 
skewed, and some showed great variation, giv
ing a wide reference range. The standard devia
tion of CK and LD were, for instance, very 
high, and the value of these enzymes as a diag
nostic tool in piglets is therefore probably lim
ited. The risk of contaminating blood during 
sampling involving muscle tissue damage may 
explain some of the variation. CK and LD are 
also unstable by storage. They are therefore not 
shown in Table 5. 
AP decreased with age in both the mean value 
and standard deviation found in the present 
study. This is also described in the literature and 
reflects osteoblast activity in growing animals 
(Kramer 1989, Framstad et al. 1991). 
The lower reference limit for TB was estimated 
to be zero. The analyser does not give results to 
decimals for this parameter, thereby giving this 
seemingly unphysiological value. Shortly after 
birth the high level in TB could be explained by 
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shortened lifespan of foetal erythrocytes, al
though accelerated breakdown in piglets is not 
as common as in human children, where the 
foetal haemoglobin is replaced after birth (Har
vey 1997). 
The birth process, and adaptation from an intra
uterine to an extra-uterine existence with all its 
associated hormonal, metabolic and circulatory 
changes, could affect clinical biochemistry in 
piglets during the first days of life. Liver func
tion is not fully developed immediately after 
birth, and the production of proteins is therefore 
restricted. This means that serum values of TP, 
Alb and TIBC in piglets immediately after birth 
will be low (Furugouri 1975, Kaneko 1989). 
The diet of new-born piglets may influence 
clinical biochemistry in regard to protein, fat 
and carbohydrate metabolites. Gluc, Trig, FFA 
and Chol have all been found to increase after 
colostrum consumption (Bengtsson et al. 1969, 
Brenner & Giirtler 1977, Mersmann et al. 
1979). The increase in TP after colostrum con
sumption is explained by globulin absorption 
(Kaneko 1989). This seems to be in agreement 
with the present study, in which the average TP 
on day l, although showing a higher SD, was at 
a level found later in the preweaning period, 
while Alb was still much lower on day 1 than 
later on. As the piglets sampled on day 1 varied 
in age from 12 to 36 h, the consumption of 
colostrum and milk would have, varied to some 
extent between piglets. The wider reference 
ranges found for many parameters on day l 
than later in the preweaning period may be ex
plained by differences between piglets in 
colostrum consumption, hence if piglets had 
been fasted before blood sampling some of 
those variations could have been minimised or 
eliminated. Fastening of the one day old piglets 
would, however, not be representative or de
-sired in most research projects or under ordi
nary commercial conditions. Blood sampling 
on day 1 at the same time after birth for all ani-

mals could also have eliminated some variation, 
but was not practical applicable. A fixed time 
on the day, the mornings, were then chosen. 
Also stress factors such as a cold environment 
and competition for feed/fighting, might have 
an interfering effect on the first day of life. The 
iron stores in piglets are very small, as is the 
iron content in sow's milk (f'enn et al. 1947). 
The values for serum Fe and TIBC in the pre
sent study were, as expected, very low on day 1. 
Tollersrud & Baustad (1970) investigated the 
enzymes AST, ALT and LD in piglets after 
birth and concluded that metabolic changes fol
lowing parturition rather than colostrum ab
sorption were responsible for the higher en
zyme levels found in one day old piglets 
compared with new-born. Griin & Ix (1973) 
found a rise in AST, ALT and LD in piglets 
from birth to about 12-14 h after parturition, 
and thereafter a decrease over the first week to 
the initial level found just after parturition. 
Tumbleson et al. (1972) found a sharp increase 
12-24 h after birth in TP, Gluc, Urea, LD and 
AST, and thereafter a decrease in Urea and 
AST; whereas there was a gradual increase in 
Alb, Chol and P during the first week. None of 
the above findings seem to be in conflict with 
our present results. 
Many clinical biochemical parameters seem to 
vary between piglets and adult pigs. This could 
be explained by differences in diet, or the high 
growth rate of piglets compared to adults. Mc
Clellan et al. ( 1966) considered, for instance, 
that the higher P found in young miniature 
swine could be explained by the growth of the 
bones. The diet has also been found to affect P 
(Miller et al. 1964, Coalson et al. 1972). This 
probably explains the elevated reference range 
for P determined in the present study in piglets 
on days 21 and 35 compared to Norwegian Lan
drace sows (Framstad et al. 1991). Ca levels 
seemed, however, to be unaffected by age, the 
reference range in piglets in the present study 
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being nearly the same as in the Norwegian Lan
drace sows. 
The anaemic piglets were compared to the 
"normal" piglets on days 21 and 35. Although 
severely anaemic over a prolonged period, with 
resulting impairment of growth and lowering of 
the leukocyte count, surprisingly small changes 
were found in the clinical biochemistry. Neither 
weight gain nor WBC were significantly af
fected until some weeks after the anaemia had 
developed. Such a long lag period did not seem 
to be the case for clinical biochemical parame
ters, the greatest differences between groups 
being found when the piglets were most 
anaemic. A decrease in the erythrocyte count 
and impaired ability to transport 02 affect many 
physiological processes, severe anaemia, for in
stance, affecting the physiology of blood circu
lation, fluid balance, blood-acid/base, osmolar
ity of the blood, and kidney function. The 
oxygen supply to different organs will also be 
disturbed, and hypoxia may occur. Moreover, 
when the anaemia is due to an iron deficiency, 
as in the present trial, direct effects of iron defi
ciency will complicate the picture. Iron is es
sential for normal cell function and is a compo
nent of many enzymes (Smith 1989, Dallman 
1986). Iron deficiency causes a chronic anae
mia, and various mechanisms will therefore be 
activated to compensate any adverse physiolog
ical changes, and to maintain homeostasis. It is 
beyond the scope of this study to discuss the 
different physiological changes which might in
fluence the clinical biochemical parameters in 
iron deficiency anaemic piglets. Further inves
tigation is needed to explain some of the mech
anisms which might be involved. Electrolyte 
levels seem, for example, to be affected by the 
presence of an iron deficiency anaemia. In the 
present study, Na and Cl were significantly 
lower in the anaemic piglets on day 21. Coulter 
& Swenson (1973) also found significantly 
lower plasma Na and numerically lower Cl in 
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iron-deficient feeder piglets. Carlson ( 1989) as
serted that changes in Na and Cl levels in the 
same direction (i.e. both up or both down) are 
caused by changes in blood volume, while dis
similar changes may indicate an acid-base dis
turbance. Schlerca (1981) found a metabolic 
acidosis in iron-deficient anaemic piglets. 
Metabolic acidosis caused by the hypoxic con
dition in tissues is very likely present in 
anaemic piglets. Kaneko (1989) suggested that 
severe anaemia in animals might result in hy
perventilation with consequent respiratory al
kalosis. The degree and duration of the iron-de
ficiency anaemia, and together with differences 
in the piglets' physical activity, may give differ
ent physiological manifestations of the 
anaemia. In the present study, it was impossible 
to evaluate the exact mechanisms involved, be
cause no information on the acid/base balance 
was available. 
Although the anaemic piglets had statistically 
significantly lower AST, ALT, AP and LD on 
day 21 than "normal" piglets, the differences 
were small and not of diagnostic significance. 
Lower AST, ALT and LD levels might have 
been caused by a corresponding low tissue level 
of those enzymes during an iron deficiency. 
Ku et al. (1983) found that the administration of 
100-200 mg iron as iron-dextran had no effect 
on serum minerals other than Fe. The relatively 
long period elapsing between the injection of 
iron and blood sampling in the present study 
would also seem to indicate that it was the 
anaemic condition per se, which led to the dif
ferences in clinical biochemical parameters be
tween the groups. 
Although present, the differences between 
mean values and reference ranges in anaemic 
and "normal" piglets were surprisingly small. 
Nevertheless, they did indicate that anaemia 
might affect some of the parameters, a factor· 
which should be taken into account when eval
uating piglets in the preweaning period. 
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Sammendrag 
Klinisk biolqemi, hematologi og vekt hos grisunger. 

Denne unders0kelsen gir referanseomrader hos en 
( dag 1 ), 21 og 35 <lager garnle griser for vanlig brukte 
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klinisk biokjemiske parametre hos griser. Gjennom
snittet og standardavviket ble ogsa estimert for 
kroppsvekt, hematologiske og klinisk biokjemiske 
parametre pa disse dager. 
Grisungene ble delt i to unders0kelses grupper i hen
hold til hemoglobin konsentrasjon s; 80 g/l ("anemisk 
gruppe") eller > 80 g/l ("normal gruppe") pa dag 14, 
21 og 28. Pa dag 21 and 35 ble "anemisk gruppe" 
sammenlignet med "normal gruppe". 
Mange av de klinisk biokjemiske parametrene ble 
pavirket av alder. Noen av enzymene hadde lwye 
gjennomsnittsverdier og vide referanseomrader hos 
grisunger, spesielt pa dag 1, sammenlignet med refe
ranseomrader for purker gitt i literaturen. Referanse
omradene for noen av de metabolske parametrene var 
videre pa dag 1 enn seinere i pattegris perioden. 
Referanseverdiene for albumin, serum jem og total 
jembindings kapasitet var imidlertid lavere og refe
ranseomradene var smalere pa dag 1. Relativt lwye 

verdier av fosfor ma bli ansett som normalt pa dag 21 
og 35 sammenlignet med voksne griser. De andre 
mineralene sa ut til a va::re upavirket av alder, men 
noen var pavirket av anemi. De anemiske grisungene 
hadde lavere gjennomsnitt serum jem, men lwyere 
total jembindings kapasitet enn de normale grisun
gene pa dag 21 og 35. Variasjonen mellom grisun
gene forarsaket imidlertid videre referanseomrader, 
som indikerer restriksjoner i disse parametrenes nytte 
i a pavise jemmangel hos grisunger. 
Kroppsvekten og leukocyttene var signifikant lavere i 
den "anemiske gruppen" enn den "normale gruppen" 
pa dag 35, men den sterste forskjellen i klinisk bio
kjemiske parametre mellom gruppene ble funnet pa 
dag 21, da grisungene i den "anemiske gruppen" var 
mest anemiske. Selv om disse grisungene led av al
vorlig jemmangel anemi, var bare noen ta av de kli
nisk biokjemiske parametrene pavirket, og forskjel
len mellom gruppene var for det meste sma. 
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