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Domsiekte or Pregnancy Disease in Sheep IV.-. The 
Effect of Obesity on the Reaction of Sheep to 
a Sudden Reduction in Diet. 

By R. CLARK, Section of Pathology, Onderstepoor-t. 

INTIWDUGTION. 

IN continuation of the work on " domsiekte " or Pregnancy Disease in 
Sheep (Groenewald et al, II, 1941) a further experiment on the effect of 
a sudden cut in the ration has been completed. It has been reported that 
if the diet of fat pregnant sheep is suddenly reduced, typical pregnancy 
disease is rapidly produced. Identical changes also took place in non
pregnant ewes under the same conditions but the period of semi-starvation 
requireJ was very. much longer. It has also been shown that in typical 
!'regnancy Dis.ease there is a 1narked reduction in the number of circulating 
lymphocytes. 'fhis phenomenon, together with the production of " Pregnancy 
Disease " in non-pregnant ewes, appeared to warrant further . study. There 
are numerous references in the literature (See Groenewald et al, I, 1941) 
to the rolf· played by obesity or condition in the aetiology of Pregnancy 
Disease, it being generally agreed that heavily conditioned sheep are more 
susceytible. In the previous experiments the sheep were suddenly switched 
fr·om an adequately balanced diet to one of poor quality veld hay. This 
hay war> not only deficient in · calorific value but also in all the important 
food constituents, including vitamins. It is, therefore, impossible to say 
'"·hether any one food fraction is pre-eminently important in the prevention 
of pregmmcy disease or not. In order to test out some of these points the 
follmviug experiment was carried out. 

ExPERIMENTAL PRoCEDURE. 

Nine non-pregnant, 4 to 6 tooth merino ewes were used. They were 
in fair condition, being taken from the available sheep on the station. At 
the beginning of the experiment the sheep varied in weight from 69 lb. 
to 84 lb.• with an average of 79 lb. Their condition can be gauged from the 
fact that exactly similar non-pregnant ewes used in the previous experiment, 
·when fai;t'ened up prior to starvation, averaged 103 lb. in weight. 

'l'he sheep were then divided into three equal groups as follow~:
Group 1.-To receive ad lib. a mixt~re of 90 per cent. yellow 

maize and 10 per cent .. meat and bonemeal together with dry veld 
hay ad lib. 

Group 2.- As for Group 1 but white maize substituted for yellow. 
Group 3.- To receive veld hay only from the beginning. 
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DOMSIEKTE OR PREGNANCY DISEASE IN SHEEP IV. ' 

The sheep were fed in individual feeding boxes and were kept on 
these rations for 168 days, when Groups 1 and 2 were switched t? dry veld 
hay only (semi-starvation) . Blood counts and records of body we1ghts were 
taken throughout the experiment. 

Twt.• other non-pregnant ewes, of the same type but which had been 
fattened on the same ration as given to Group 1 for some time and .weig~ed 
13() and 137 lb . respectively were also used. These also had their ration 
suddenly cut to dry hay only and were in addition placed in a cold room 
at 47° F. for 34 days when they were placed back in the camp with the 
othe-ra. The object of the cold room was to increase the carbohydrate 
10etabolism and to accelerate the exhaustion of carbohydrate stored in 
the body. The results of this second experiment cannot be strictly compared 
with those of the first, as the cold treatment was only applied in one case, 
but it is convenient to report the results here for the sake of comparison. 

RESULTS. 

A. Body Weight. 

As will be seen from Graph I, Groups 1 and 2 gained weight whEm 
put on the experimental ration but Group 1 (yellow maize) increased in 
weight more rapidly than Group 2 (white maize). After 133 days there 
was a statistically sighificant difference between the average weights of 
the two groups and this difference was maintained till the 168th day when 
both groups were put on to dry veld • hay only. After this change both 
groups lost weight equally rapidly. Group 3, which was given dry y eld 
hay· only from the beginning of the experiment (day ·o on the graph) lost 
weight. at a rate about equal to that shown by Groups 1 and 2. This loss, 
however, only continued for about 20 days and then became very much 
more gradual. It will also be noticed that as the average weights of Groups 
1 and 2 decreased, so did the rate of loss decrease. 

'l'he 'two sheep that were_ placed in the cool room lost an average of 
2~ lb. each in the 34 days they were kept in the room. When placed back 
w1th the others but kept on the same ration the loss in weight was 23 lb. 
in 34 days. The temperature of 4 7° F., therefore had no effect on the 
rate o:i' loss of weight. The average rate of loss is ;hown in Table 1. 

TABLE 1. 

Group. 

I 
Initial Final 

I 
Loss. 

I 
Time. 

I 
Loss. 

Weight. Weight. (Th.). (Days). Th./ day. 

Qold room .' .. . ..... o. 0 0 0. 0 0 0 0 0 . 0 •• • • 0 136 90 46 68 I Oo67 
1 .. . . 0 . 0 0. 0 0 • • • ••• • 0 0 0 0 0 0 0. 0 •• • •••• 0 99 64 35 119 

I 
Oo29 

2 o 0 ••• • 0 • • • 0 0 •••• 0: .. 0 ••• 0. 0. 0 •• 0 0 0 . 92 59 33 119 0·28 
3 . 0 0. 0 • • 0 0. 0 0 0 • • •• • • • • • • 0 •• 0 0 0 ••• • 0 0 0 79 5~ 21 287 0·07 

It will, therefore, be seen that the higher the condition of the sheep, 0 

the greater the rate of loss of weight. 
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DOMSIEKTE OR PREGNANCY DISEASE IN SHEEP IV. 

Reaction to Loss in Weight. 

Both the heavy sheep (136 and 137) died suddenly, 59 and 69 days 
after the cut in the ration. 

All the sheep in Groups 1 and 2 survived the 119 days on veld hay only . 

bne sheep in Group 3 was killed for post-mortem examination' after 
173 days on veld hay only and another was killed in extremis after 214 days. 
The thi1d survived for 287 days and was discharged. 

It has been shown (Groenewald et al., II, 1941) that when 9 n.on
preg·nant sheep of similar class and averaging 111 lb. body weight were put 
on to a diet of veld hay only, 4 died within a period of 40 days. 

B. The Blood. 

'l'he sheep were bled at weekly intervals and the blood was centrifuged 
and Hie red cell precipitate recorded. 'fotal leucocyte counts and differential 
count:; were done and from these figures the total number of neutrophiles 
ancl lymphocytes per c.mm. were calculated. 'there was no significant 
variation in the otner leucocyte type's and their totals are not recorded here . 

The Erythrocytes. 
The percentage red cell precipitate readings are given m Table 2 . . 

TABLE 2. 

J![fect of Reduced Diet on Red Cell Precipitate Percentage. 

TIME IN WEEKS AFTER DIET REDUCED. 

Group. Conditi_!)n. 

2 t 41618 1l0112H16H20122124126128/3ol3213413613814 ' 0 

1 Good ... . ...... .. .... . ............ 37 .. 1, 31 .. , .. ,

1

25 __ -r -1-_ ----1 2 Good ................... . ..... . .. 35 32 29 26 2624 2121------- --
3 Moderate .. ....... ...... . .. .. .. .. 384243-------- 5222321 

212011 38 39 40-__ 1_1_1_--25 2318 18 18 20 
35 40 39--------25---

4 Obese . ...... ...... ... .. . : ....... 37 1~7 33!29)--.:._ _ ______ ,_ 

8 

The figures for Groups 1 and 2 and the "cold room " (Group 4) 
e:xperjment are given as averages of the group, but as the sheep in Group 3 
died at different periods throughout the experiment their figures are given 
individually. · 

All groups showed a statistically significant drop in percentage 
erythrocytes on the poor diet, as would be expect~d, but it is of interest 
to note that Group 3, the sheep in poorest condition, maintained their red 
cells better than any other group. After six weeks on veld hay Groups 1, 
2 'and 4 all showed a drop but every sheep in Group 3 actually showed a 
rise. Comparing Groups 1 and 2 w.e see that the yellow maize-fed group 
maintained their red cells at a consistently higher level than did the 
white maize group (2). This is apparently to be ascribed to the reserve of 
vitamin A. 
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R. CLARK. 

The figures for the leucocytes are given in Graphs II-VI. It will be 
seen that Groups 1, 2 and 3 all showed a drop in total circulating leucocytes 
during the p€riod. on poor diet. This decline is almost entirely due to a 
decre:}se in the lymphocytes, the neutrophiles maintaining their level. This 
drop in lympohcytes was found to be statistically significant for a combination 
of all groups and for Groups 2 and 3 individually, but not for Group 1. 
It would appear that the stored vitamin A also plays a role in maintaining 
the lymphocyte output. The actual drop in lymphocytes causes a relative 
neutrophilia, expressed as pe1: cent., but there is no actual rise in neutrophiles. 
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Group 4, the very obese sheep, showed an entir·ely different picture, 
namely a drop in lymphocytes and a rise in the n eutrophiles, causing an 
inversion of the normal percentages of these elements, without the drop 
m le-qcocytes. 
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DOMSIEKTE OR PREGNANCY DISEASE IN SHEEP IV. 

GRAPH IV.-LeuCt>cyte Totals. Sheep A. Group III. 

¥ :-:f'.. . 
~ .. 
~ .. 

!4~\\~·-···· ··········... ~ 
E 3 • • • • • • • • • • • 

~2 ~. •· ....... .._..._ .......... . 
0. • \ -;; ..,. IJ.-~.. . A. \ 
~ '.,( • ... • • • • • • • • I "' •.'-
, ........ -..,. ""j(~ 

0 

4 6 24 26 28 30 
Time in wc~ks . 

GRAPH V.-Leucocyte Totals. Sheep B. Group III . 

. . ... . . . . . . . . . .. . . . 

. . . . . . 

',/ 
/ - -- .... . .. . 

0 

4 6 

Time in wee ks . 

GRAPH VI.-Average Leucocyte Totals. Group IV. 

6 , 
~ 

5 , 
0 

:: 
c 4 

E 
~ 3 

b 
-;; 

I 
'•, "' • -·- ·,. I I .,_,· ......... 

/....._____ ·-. .- •-A!_·-·-• ,. ........... -.- / .,. ___ -
0 ... 1 

0 2 3 4 5 6 8 

Time in weeks. 

---------- Total Leucocytes per c.mm . 

---·-·-·-·-·-·- Total Lymphocytes per c.mm. 

Total Neutrophile~ per c.mm. 

284 



R. CLARK. 

Post-mm·tem Findings. · 
.Sheep 1. (Group 1.) 

Killed at the termination of the experiment. 

Adipose t·issne.-F'air amount of normal fat still present in the carcass. 

Liver, kidtney and myocard.-Normal. 

P1·escapttla, P1·ecnml OJ1Ul, 1l1 ediastinal Lymph Nodes.-Desquamation of 
the littoral cells of the sinuses and formation of foam cells from swollen 
r eticulum cells in the cortex . 

.Sheep 3. (Gronp 1.) 

Killed at the termination of the experiment. 

Adipose tisstte.-Large amount of fat still present, the abdominal fa t 
.showing fat necrosis. 

Live1· .-Fair amount of fatty infiltration affecting the area round the 
.central veins. 

1l1 yo card.-Normal. 

Kidney.-Well marked fatty changes of the epithelium of the spiral 
tubules. 

Mediastinal, 1l1 esentm·ic, P rescaprular and P1·ecrural Lymph N odes.-As 
in Sheep 1. 

Sheep 4. (G1·oup 2.) 

Killed at the termination of the experiment. 

A dtpose tissne.-Small amount o£ fat present. The internal fat shows 
g elatinous infiltration. 

Li?Jer, lcidney and myocm·d.-Nor mal. 

Mediastinal, 1l1 esen teric, Prescatpularr and Prem·u1·al Lymph Nodes .- As 
m Sheep 1. 

Sheep G. (Group 2.) 

Killed at the terminatio.q. of the experiment. 

Adipose tissne.-Fair amount of normal fat present. 

Liver, lcidney and myocard.-Normal. 

Mediastinal, Prescapular, and P1·ecrural Lymph nodes.-As in Sheep 1. 

Sheep 9. (Gmup 3.) 

Killed for examination after 173 days on dry veld hay. 

Adipose tissne.-Very little fat present. 

All othe1· organs .-Normal. 
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DOMSIEKTE OR PREGNANCY DISEASE IN SHEEP IV. 

Sheep 1. (Group 3.) 

Killed i"n extremis after 214 days on veld hay only. 
Adipose tissue.-Gelatinous degeneration of all adipose tissue. 
Other organs.-All internal organs showed marked atrophy, ascites and 

hydrothorax present. Organf? otherwise normal. 
Precrural and Prescapulm· Lymph Nodes showed ·mobilisation of the 

reticulo-endothelial system as in the other sl:j.eep. 

Sheep 10. (Group 4.) 

Died suddenly after 59 days on dry veld hay only. 
Adipo~se tissue.-Large amounts of fat in all the depots showing marked 

fat necrosis. 
Liver.-Gross fatty infiltration of the whole lobule. 
Kidney.-Gross. fatty changes of the spiral and proximal' convoluted 

tubules. Well-marked desquamation of the tubular epithelium. 
M yoc~rd.-Well-marked fatty changes. 
Lungs .-Oedema. 

, Prescapular and Precrural Lymph Nodes.-Disappearance of follicles 
and well-marked reticulo-endothelial proliferation. 

Sheep 11. (Group 4.) 

Died suddenly after 69 d'ays on dry veld hay only. 
A~ipose tissue.-Very large amount of fat in the depots showing fat 

necrosis. 
Liver.-Slight central fatty inflltration. 
Kidneys.-Well-marked :fatty changes in the spiral tubules. 
Myooard.-Fair amount of fatty changes· 
Precrural and Prescapular Lymph Nodes.-Follicles reduced m size 

and reticulo-endothelial proliferation. 

Discuss;roN. 

Comparing groups 1 arid 2 in the initial (feeding) part of the experi
ment it is noted that yellow maize was superior to white maize in causing 
gain in weight. The yellow maize group also maintained the number of 
both erythrocytes a,nd lymphocytes in the cil'Culating blood, when put on 
to dry veld hay only, better than did the white maize group. These 
di~erences can probably be ascribed to the carotene content of the yellow 
mmze. 

'. ' Considering the effect of obesity on the reaction to semi~starvation 
groups 1 and 2 can be combined, the difference -between the average weights 
of these groups b!;ling very small as compared with groups 3 and 4. The 
experiment can, therefore, be considered as follows:-

• 

Very obese sheep.-Group 4. 
Good conditioned sheep.-Groups 1 and 2. 
Fair conditioned sheep.- Group 3. 
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All these sheep were non-pregnant ewes ot similar type and age, so 
that the differences in weight can be ascribed to condition, chiefly to extra 
fat. It will be seen that the sheep reacted in very different ways to a sudden 
reduction in diet, according to their initial weight, 

Very obese sheep.-These two sheep succumbed 59 and 69 days 
respectively after being put on poor diet. Prior to death they. showed 
hypoglycaemia and acetonaemia as the following table shows. 

TABLE 3. 

Chemical Analysis of Blood and percentage Lymphocytes in Obese Sheep. 

I 
SHEEP 10. SHEEP 11. 

Time ! 
in 

I 

I I Acetone. 
Days. N.P.N. i Sugar. l Acetone. I Lympho- N.P.N. Sugar. I Lympho-

I cytes. cytes. 
-

I I 
I 

Per cent. I Per cent. 
0 

I 
31·0 47·2 2·0 61 .26·0 45·0 . 2·0 64 

35 25·4 58·2 5·1 44 23·5 58·2 5·7 68 
43 30·0 45·5 17·6 50 25·9 <h) ·9 33·5 -
47 I - - - 60 - - - 29 -1 49 I - - - - 33·3 29·2 47·0 -
52 i 30·0 46·3 14·5 - 25 ·2 44·6 33 ·7 -
54 

I 
- - - 38 - - - 31 

56 - - - - 100·0 1ll·1 3·7 -
59 - - - - - - - 6 
63 

I 
57·8 36·8 13·9 22 Died 59th day. 

65 85·7 50·0 7 ·4 - - - - -
Died 69 th day. 

The sheep showed a typical hypoglycaemia and acetonaemia followE)d 
by a rise in N.P.N. and blood sugar and fall in acetone shortly before death . 
'rhis latter phenomenon has often been encountered in the previous experi
ments on domsiekte (Groenewald et al, 1941) and is considered to be evidence 
of a sudden increased catabolism of protein for the ~anufacture of carbo
hydrates. 'rhe sheep died suddenly without symptoms being noted, but the 
post-mortem findings were typical of pregnancy disease or domsiekte. These 
sheep can, therefore, be taken as further examples of typical " pregnancy 
disease " in obese non-pregnant ewes as previously reported (Groenewald 
et al, 1941). 

These sheep also showed the . typical fall ·in ~irculating lymphocytes and 
rise in neutrophiles which the author has reported in all cases of typical 
pregnancy disease (Groenewald et al, 1941). Hansheimer (1930) has shown 
that in acidosis of rabbits, caused by inhalation of excess C02 or by injection 
of acids, there is a similar change in the blood picture. Taking the figures 
for the individual sheep we find that the development of acetonaemia and 
the drop in .percentage lymphocytes roughly correspond. This change may, 
therefore, be due to the -acidosis. 

The good conditioned sheep, groups 1 and 2; showed a rate of loss of 
weight intermediary between that shown between groups 4 and 3. They 
survived this period of rapid loss and towards the end of the period of semi
starvation their rate of loss had decreased. Out of four slaughtered at the 
end of 119 days on veld hay, only one sh,owed a very slight fatty liver and 
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slight fat necrosis. The blood picture is also en~irely different from that iru 
pregnancy diseases, being a gradual steady decrease in lymphocytes with 
no change in the number of circulating neutrophiles. 

The shee;p in moderate condition (group 3) showed a slow loss of weight,. 
together with the decrease in lymphocytes as seen in groups 2 and 3. 

The reaction of sheep to a sudden drop in food intake, therefore, depends. 
largely on the amount of fat present in the body. I£ there is an initial 
excess of fat fhe typical picture of pregnancy disease supervenes with a high 
acetonaemia, the sheep dying with masses of fat still present in the depOts. 
The less fat present, the more likelihoo!i there is of sheep s~rviving the drop 
in weight and then surviving for a long period on a very poor diet until it 
eventually dies of cachexia. It is surprising that one sheep of group 3 
could survive for 287 days on very poor quality dry veld grass alone. This 
was probably only possible owing to the fact that the sheep were free of 
internal parasites and .that their water and food were at hand. As the veld 
hay used in this experiment is similar to what sheep on the highveld of 
South Africa have to exist on in the winter, it may be concluded that sheep 
can survive on this very poOT feed for amazingly long periods, provided they 
are kept clear of internal parasites and the energy expended in .seeking food 
and 'water is curtailed. Stacks of dry veld hay in close proximity to drinking 
water would, therefore, apparently suffice to save many sheep over our 
drought periods. 

In 1941 Groenewalcl et al stated that, owing to the fact that typical 
" pregnancy disease " could be produced in non·-pregnant ewes, they con
sidered pregnancy only as a "contributing factor in the causation of the 
disease. The present experiment shows that obesity is another potent factor . 
Why we do not get domsiekte on the grass lands of South Africa has long 
been a puzzle. The explanation may be that our grassveld sheep never 
attain that high condition seen in Karroo sheep. 

CoNCLUSIONs. 
' . 

1. Obesity is a potent factor in the causation o£ " pregnancy disease " 
or domsiekte. 

2. In the absence of fatal acetonaemia, prolonged semi-starvation of 
sheep causes a gradual decrease in the circulating lymphocytes without 
affecting the neutrophiles. . 
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