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MARTINSSON, K., L. EKMAN and L. JONSSON: Hematolo(Jical 
and biochemical analyses of blood and serum in pigs with regzonal 
ileitis with special reference to the pathogenesis. Acta vet. scand. 1976, 
17, 2,33-243. - Biochemical and hematological analyses of blood and 
serum were performed in pi,gs with regional ileitis and in wasting p1gs 
with a negative necropsy. In sera from pigs with regional ileitis the 
levels of total protein, albumin, transferrin, alkaline phosphatase and 
zinc were significantly decreased compared with normal pigs of the 
same age. The number of white blood cells, and the concentration of 
cortisol and or.1-antitrypsin were significantly increased. In wasting 
pigs with early signs of regional ileitis or with a negative necropsy 
the same blood changes were observed but to a less degree. It was 
concluded that a wasting syndrome after weaning may precede re­
gional Heitis. Concerning the etiology of regional ileitis the significance 
of malabsorption and wasting syndrome in combination with invasion 
of intestinal intercellular microorgarni:sms is discussed. 

reg i o n a 1 i 1 e it is; wasting pigs; a 1ka1 in e p hos­
p hat as es; serum proteins; zinc; co rt is o 1. 

During the past few years ,several investigations on regional 
ileitis in pigs have been performed. Almosit all of these focused 
the pathological aspects of the disease, including and elec­
tron microscopy investigations and bacteriological studies (i.e. 
Dodd 1968, Rowland & Lawson 1974, Lawson & Rowland 1974). 
Clinical chemistry of the di,sease seems to have received little 
attention. Nielsen (1966) found very low levels of albumin in 
three cases of regional ilieitis. Furthermore, he .showed th,at 
during a period with profuse diarrhea, these pi,gs had a hyper-
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ca:tabolism of albumin due to a ,gastrointestinal protein ,Joss. In 
anobh.er investigation (Martinsson et al. 1974), ,s.era from 10 
ptigs with regional Heiitis were alllalysed. It was shown that bhese 
pi.gs had lo;w levels of total serum protein and albumin. Further­
more, the levels of zinc and alkaline phophatases wer·e low. The 
significance of these alterations was discussed in view of the 
etiology and p·athogenesis of the disease. There were some in­
dications that zinc was involved in the pathogenesis of regional 
ileitis. Tiherefore, experiments were started in whi·ch sucih pigs 
were treated by adding zinc to food or water (Martinsson & Ek­
man 1974). The r.esuilts were eD1ciouraging, and these treatments 
have since been used in Sweden on maniy farms with wasting 
pigs appearin·g afiter weaning. Since the p·athogenesis. of regionial 
ileitis anid the role of zinc are not clarified, it wa·s considered to 
be of interest to perform more detailed hematological and bio­
logical analyses of serum from diseased pigs. 

MATERIAL AND METHODS 
Animals 

Pigs, about 10 weeks old, from four farms. were 
investigated. The pi.gs were weaned at an age Olf about six weeks. 
Blood .samples were taken from the anterior vena cava before 
necropsy. All 1pi·gs, except the controls, had the clinical appeaT­
ance of a wasting syndrome which had started after weaning. 
According to the results of the necropsy, which included elec­
tronmicroscopic examination, the animals were divided into 
four group.s (Jonsson & Martinsson 1976): 
1. Pigs with large lesions of regional ileitis in which intracellular 

microorganisms were detected (n = 10). 
2. Pigs with no or very small macroscopic signs of regional ileitis 

but in which intracellular microorganisms were detected in affected 
epithelium (n = 8). 

3. Pigs wHh no lesions of regional ileitis and in which no intracellular 
rnicrooriganisms were found (n = 8). 

4. Normal pigs of the same age as the experimental groups (n = 8). 

Hematological and biochemical analyses 
Hematological analyses were performed immediately after 

sampling. Serium was stored at - 70°C before analysis. The 
following method.s were used: 
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L e u c o c y t e c o u n t: Electronic blood cell counter ( Celloscope 
401, AB Lars Ljungberg & Co, Stockholm, Sweden). 

H e m o g l o b i n: Spectrophotometrically as cyanmethhemoglobin. 
Plasm a urea - N: The Hyland UN-TEST (Hyland Div., Travenol 

Laboratories, Costa Mesa, Calif. USA). 
T o t al c h o l e s t e r o l: Method employing the Lieberman-Burchard 

reaction (Huang et al. 19.61). 
A l k a l i n e p h o s p h a t a s e, a s p a r t a t e a m i n o t r a n s f e r­
a s e (AS A T) a n d al a n i n e am -i n o tr a n sf er as e (AL A T) : 

Methods recommended by the Scandinavian Committee on En­
zymes (1974) using LKB Reaction Rate analyzer and reagents 
from AB Kabi, Stockholm, Sweden. 

Crea tin in e p hosp ho kinase (C PK): According to Forster 
et al. (197:0) with the LKB Reaction Rate Analyzer and reagents 
from Boehringer Mannheim, Germany. 

S e r u m z i n c a n d s e r u m c o p p e r: Atomic absorption spectro­
photometer (Perkin-Elmer 403) according to methods recom­
mended by the manufacturer (Perkin-Elmer Manual, March 1971). 

P la s m a c o rt i s o l: A rapid competitive protein binding technique 
(Richkind & Edqvist 1973). 

Serum electro p ho res is: Separation on cellulose acetate 
membranes in a Microzone R 101 with TRIS-bruffer, pH 8.9. 
Evaluation in a Densitometer R 110 (Beckman, Fullerton, Calif. 
USA). Total protein was determined with the Biuret-method. 

Immunological quantitations of proteins 
The levels of ix1-arrtHrypsin, ix2-macroglobulin and tiransferrin 

were determined by electroimmunoassay as described by Laurell 
(1966). Samples of 5 µl were analysed by electrophoresis 1 % 
agarose in 0.024 M diemal buffer, pH 8.6, containing monosrpe-
1.Mic ·anti·sera. The electrophoresis was performed with a con­
stant voltage of 2 v/cm for 20 hiis. Antisera against swine ix1 -

antitryip:Sin and ix2-macroglobulin were produced in rabbits' as 
diescrihed by Martinsson & Carlstrom (1976). Antiserum against 
swine transferrin was prepared as described by Thoren-Tolling 
& Martinsson (1974). The levels of the different proteins were 
expressed as percentage of a standard serum (serum from a pig, 
10 weeks old) which was tested in four dilutions on every plate. 

RESULTS 
All animals which were used in the present investi'gation were 

necropsied, •and the results of the post-mortem examination will 
be irepor.ted (Jonsson & Martinsson 1976). The same grouping of 
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Ta ·bl e 1. Hematological analyses of the different groups of pigs. 
Values si.gnificantly differing from normals are noticed as •, • • or • • • 

(mean± s). 

Hemoglobin WBC Neutrofils Lymfocytes 
g/100 ml per µI absolute numbers per µI 

(terminal ileitis) 9.7±1.8*. 31,500± 7,50-0* 15,100±2,7:00* •• 13,2.00±3,000 
Group 2 
(terminal ileitis, 10.7±1.0* 2:9,900±10,500 9,400±3,000 11,00G±4,100 
very early stage) 
Group 3 
(wasting pigs, 10.0±0.5** 22,900± 5,3:0-0 9,6-00±2,100 11,900±2,000 
negative necropsy) 
Group 4 
(normal pigs) 12.1±0.6 2.2,900± 2,801} 8,200± 900 12,1·0-0±1,GOO 

the animals was used in the present investigation according to. 
post-mortem findings. 

The results of the blood analyses are summarized in Tables 
1-3. The most prominent changes include decreased levels of 
alk:aline .phosphatase, total •serum proteins, albumin and zinc in 
the three groups of diseased pigs. The greatest changes are ob­
served in group 1. Regarding alkaline phosphatase, a gvadual 
decrease is observed from group 3 to group 1. In addition to 
these general changes it was also found that the pi.gs in groups 
1-3 had a s'ignifiicantly lower hemoglobin value than the control 
animals. In group 1, increased numbers of white blood. cells 
were also observed. The levels of cholesterol in groups 1 and 3 
were decreased in comparison with the normal levels. 

From the immunological determination of cx1-1antitrypsin, cx2-

maicroglobulin and transferrin, it was found that the levels of 
transferrin in groups 1 and 3 were significantly decreased com­
pared to the controls. The levels of were increased 
in group 1. 

DISCUSSION 
The pigs used in the pres.ent investigation were from the same 

group as used in another study concerning post-mortem changes 
(Jonsson & Martinsson 1976). The grouping was made accord­
ing to the post-mortem findings. The import•ance of the intra-
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cellular microorganisms found in the ileal epiithelium was espe­
cially considered. 

It should be noted. that all experimental pigs had the same 
main clinical signs which appeared soon after weaning and whicll 
included poor growth, wasting aippearance and sometimes un­
specific ecz·ema on the bac:k. The control pigs were taken from 
one of •the four herds from which the affected pigs were obtained. 
Diarrhea had been observed only occasionally before or after 
weaning in •the diseased animals. 

Hematological findings in pigs from groups 1-3 included a 
decreased hemoglobin concentration. Thi•s may have been se­
condary to the wasting process, !Silllce H is not liikely tlhat such 
a minor lowering of hemoglobin concentriation should be of im­
porfance as ·a predisposing factor for a wasting syndrome. How­
ever, pigs wi•th severe regional ileitis also have increased a:moun1ts 
of WBC, indicating an inflammatory reaction wthich may in­
fluence the hemoglobin values. 

Pigs with large areas of involvement of regional ileitis showed 
the greatest change in the blood serum components investigated. 
The concent·raition of cortisol in pigs of group 1 is an 
interesting observation but the significance of the f:inding is 
difficult to evaluate. It is tempting to relate the IO'W levels of 
alkaline phosphatase •to the comparatively low concentTations of 
serum zinc. Allmline phosphatase is a zinc-metallo-enzyme and 
H has been shown in many investigati·ons tlhat an e:x:per:imental 
zinc defici•ency will give rise to low alkaline phosphatase activity 
in blood serum (Prasad et al. 1969, Agergaard & Palludan 1974, 
Burch et al. 1975). The question arises as to whether the de­
creased level of serum zinc is primary or secondary to the onset 
of regional ileitis. Many of the pigs in groups 1-3 had a non­
specific black eczema on the back and ·three pigs had typical 
pa:mkeratosis, the classical sign of zinc deficiency in pigs. How­
ever, in .a great number of herds investigated it was found that 
tlhere was no correlation .between a low content of zinc in the 
food and the occurrence of wasting piigs or pigs with regional 
ileitis (Martinsson & Ekman, unpublished). This observation 
speaks in favour of a theory that signs of zinc defici·ency are 
secondary manifestations of the disease. 

It was found that pigs with regional ileiti.s (group 1) had 
very low levels of albumin (Table 3). One explanation for this 
finding is an intestinal loss of a.J.ibumin, since albuminuria does 
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not occur (Martinsson et al. 1974). Recent studies on human 
blood indicate that 30-40 % of the zinc in serum is firmly 
bound to <%2-macroglobulin and the remaining zinc is loosely 
bound to alhumin (Parisi & Wallee 1970). Therefore it sooms 
1ikely that an intestinal loss of albumin together wiith zinc con­
trihuted to the decreased serum levels of zinc in group 1. In 
groups 2 and 3, the decrease was less pronounced since the al­
bumin levels were higher Uian in group 1. It should also be 
noted in pigs with protein malnllllrition that a secondary zinc 
deficiency may develop. This possibly i:s due to a 1ack of ·a t·rans­
port medium such as serum aJhumin, which is markedly re­
duced in such pigs (Platt & Frankul 1962). Thus protein mal­
absorption may influence both tihe levels of a1Jbumin and zinc. 

The concenlTatfon of copper was unchanged in groups 1-3 
compared with the control pigs indicaiting neither a primary 
deficiency nor intestinal loss of the copper hind.ing 1protein, 
ceruloplasmin. Thi:s protein has a molecular weight of a:bout 
150,000 (Mukasa et al. 1968) and about 90 % of the serum cop­
per is ti:ghtly bound to it. 

Pigs in group 1 showed an increased concentration of <%1-

antitrypsin in ·spite of the low molecular weight of this protein. 
This is probaibly due to the fact that <%1-antitrypsin is an "acut·e 
phase protein" which .increases during infection or cell damage. 

The levels of transiferrin (mol. wt. 70,000) are greatly de­
creased in wastin"g disease which may partly be due, as in the 
case of :albumin, to intestinal loss. Contrary to <%1-antitrypsin 
production 1syuthesis .of transferrin it not known to,be stimulated 
by cell damage. It is interesting that the levels of <%2-macroglo­
bulin with a high molecular weight (900,000) .are n:ot changed. 
This finding indicates that intestinal loss of proteins seems to 
be dependent on their molecular size. 

The occurrence of initraceHular microorganisms in the ileal 
epithelium is of s1pecial interest with regard to the pathogene­
sis of '1'egional ilei1tiis. The pigs in group 2 were in a very early 
stage of the disease, and very few small macro- ·or microscopic 
ltesions were observed. In all these pigs, intracellular microorga­
nisms were detected. The pigs in group 3 showed a wasting syn­
d1rome which precedes regional ileitiis. Pigs of this type may 
develop very early signs of regional ileitis (group 2) if .the mi­
croorganisms invade the epithelium. The occurrence of intestinal 
intracellular or.ganismis in pigs of cor·responding age is an un-
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usual finding and has only been reported in swine dysentery 
(Taylor 1971, Glock 1972). It has been observed that conditions 
suoh as enteritis or hemorrhagic elllleropathies may precede out­
breaks of regional ileitis (Nielsen 1971, Rowland & Rowntree 
1972). However, in the present investi.gation diseased pigs were 
obtained from herds where diarrhea or other diseases were seen 
only occasionally after weaning. Therefore, it may be concluded 
that clinical diseases do not regularly precede outbreaks of re­
gional ileitis. 

The etiology of the wasting syndvome which appears to pre­
cede regional ileitis is difficult to ascertain, but some form of 
malahsorption or digestion defect may be involved. Lowered 
conoentrations of serum albumin and zinc are probably secon­
dary events of the disease. M has been shown by Kenworthy et 
al. (1967) that relatively advanced degenerative changes appear 
in the small intestinal epithelium in clinically healthy pigs atfter 
weaning. A malabsorption syndrome occurs in suoh pigs (Ken­
worthy & Allen 1966). Suoh a "normal" mralabsorption may not 
be overcome by some pigs but rather will be accelerated, and a 
wasting syndrome will develop which will precede the invasion 
of intracellular or.ganisms and the development of regional ile­
itis. 
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SAMMANFATTNING 
Hematologisk och biokemisk analys av blod och serum frdn grisar med 

regional ileit med siirskild hiinsyn till patogenesen. 
Analysen av serum och blod fran grisar med regional ileit och 

fran s.k. ,,Pellar" med negativ sektion bar utforts. I serum fran fall 
av regional ileit pavisades en signifikant minskad halt av totalprotein, 
albumin, alkaliskt fosfatas och zink. Anitalet vita blodkroppar samt 
halten cortisol och tx1-antitrypsin var signifiikant okad. I serum fran 
s.k. ,,Pellar" med antingen negativ sektion eller i mycket tidigt sta­
dium av regional Heit pavisades samma avvikelser som dock var min­
dre uttalade. Ett ,,wasting syndrome" (Pelleutseende) efter avviinjning 
anses predisponera fOr uppkomsten av regional ileit. Angaende etio­
login till regional Heit diskuteras betydelsen av malabsorption och 
,, wasting syndrome" i kombination med invasion av intracelluliira 
mikroor,ganismer i epitelet av ileum. 
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