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ABSTRACT 

VAN AMSTEL, S. R., REYERS, F., OBEREM, P. T. & MATTHEE, 0., 1987. Further studies on the 
clinical pathology of sweating sickness in cattle. Onderstepoon Journal of Veterinary Research, 54, 45-48 
(1987) 

Experimentally-induced cases of sweating sickness in calves were used in an effort to correlate the blood 
chemistry with some of the known pathological changes. Results showed that the "sweating" associated with 
necrotic dermatitis did not alter blood electrolyte levels. Laboratory evidence of a disseminated intravascular 
coagulopathy was found which correlated with the microthrombi described in cases of sweating sickness. A high 
blood cortisol level was found in one of the animals that died from the disease and could possibly be used as a 
prognostic indicator in clinical cases. Recommendations are made with regard to the supportive treatment based 
on the clinical pathological findings. 

INTRODUCTION 

Sweating sickness toxin has a selective affinity for 
stratified squamous epithelium of the skin, resulting in a 
necrotic dermatitis. Other structures lined with this epi­
thelium may undergo a diphtheric or a necrotic pseudo­
membranous inflammation (Kriek, 1977). The clinical 
pathological changes associated with these lesions have 
been investigated (Van Amstel, 1984) and pathological 
changes of parenchymatous organs in sweatmg sickness 
have been described. One of the underlying pathogenetic 
mechanisms involved in sweating sickness appears to be 
an extensive microangiopathy which results in a dissemi­
nate intravascular coagulopathy (DIC) with the microth­
rombi appearing as hyaline globules (Kriek, 1977). The 
objectives of this study were to determine whether the 
histological evidence of a consumption coagulopathy 
could be verified by chemical means, and whether the 
severe cutaneous "sweating" has any influence on blood 
electrolyte levels. 

MATERIALS AND METHODS 

Experimental animals 
Five experimental cases of sweating sickness were 

produced by infesting healthy 5-6-month-old calves with 
strains of Hyalomma truncatum ticks (Tick Unit, Veteri­
nary Research Institute, Onderstepoort) known to consis­
tently provoke the disease. Twenty male and 40 female 
ticks were placed into each of 5 tick bags which were 
glued onto the animals' backs in the thoraco-lumbar 
area. The animals were then observed daily for typical 
signs of sweating sickness. Six days after attachment of 
the ticks all the calves had developed relatively severe 
clinical signs of the disease which were characterized by 
pyrexia, markedly congested mucous membranes and 
severe hyperaemia of the skin with exudation (sweating) 
and exfoliation. The ticks were allowed to remain at­
tached throughout the experimental period. A sixth unin­
fested calf, maintained under the same conditions, 
served as control. Blood was collected for clinical patho­
logical tests from all the animals, except Calf 1204, 6, 8, 
10 and 13 days after attachment of the ticks. Calf 1204 
was only bled twice on the 6th and 8th days, respecti­
vely, as it died on the lOth day after infestation. 

All the affected animals, except one (1204), were 
treated with hyperimmune serum, each receiving 200 mt' 
intravenously on Days 6, 8 and 10. Sweating sickness 
hyperimmune serum was prepared as described by 
Oberem, Van Amstel, Matthee & Bezuidenhout (1985). 
In addition, they were each given procaine penicillin 
intramuscularly at a dose rate of 30 000 i.u.!k:g on Day 
10, except for Calf 1204, which died on that day. The 
other 4 experimental cases made a slow recovery. 
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Blood chemistry 
Parameters evaluated to examine possible derange­

ments in blood coagulation included the following: 
1. The prothrombin time (PT), using the "Hepato­

Quick", Boehringer Mannheim's test kit (Cat. No. 
126527), according to the manufacturer's directions. 

2. The partial thromboplastin time (PPT), using Boeh­
ringer Mannheim's test kit (Cat. No. 126551), 
according to the manufacturer's directions. 

3. Fibrin degradation products (FOP), using the Trombo­
Wellco test (Rapid latex) Test HA 13, Wellcome La­
boratories. 
A blood sample obtained from the control calf was 

used to monitor the PT and PTT test results. 
As both liver failure and endotoxaemia can play a role 

in the pathogenesis of DIC (Morris & Beech, 1983), 
serum activities of the following enzymes were deter­
mined: 
1. Gamma glutamyl transpeptidase (GGT) (EC 2.3.2.2). 

A Technicon RA 1000 method (Cat. No. TOl-1528) 
with L-y-glutamyl p-nitroanilide substrate was used. 

2. Glutamate dehydrogenase (GLDH) (EC 1.4.1.3). A 
Boehringer Mannheim reagent (Cat. No. 124320) 
was used on a Lange LP 6 U. V. spectrophotometer, 
according to the manufacturer's directions. 

3. Aspartate transaminase (AST) (EC 2.6.1.1). A Tech­
nicon RA 1000 method (Cat. No. TOl-1528) was 
used. 

All enzyme activity results are expressed at 25 °C. 
The LAL chromogenic endotoxin assay was ~rfomed 

with the Whittaker MA Bioproducts test kit (Cat. No. 
50-6404), according to the manufacturer's directions. 

Blood electrolyte levels were determined with a 
Varian Techtron single-beam, atomic, absorptiometer 
Model275. Sera were diluted 1:25 in 0,92% Lanthanum 
chloride and aspirated into an air-acetylene flame. 

Plasma cortisol levels were measured with a Radioim­
munoassay (RIA) technique, employing Coat-a-Count 
1251. * 

REsULTS 

The results of the PT, PTT and FOP determinations on 
the experimental sweating sickness cases and the control 
are shown in Tables I, 2 & 3. 

All the experimental sweating sickness cases showed 
increased protrombin times for variable periods from the 
6th day after attachment of the ticks (Table 1). This 
indicated the presence of an abnormality in the extrinsic 
pathway of their blood coagulation mechanism. Only 
one calf (1205) showed a marked increase in the partial 

. thromboplastin time, an indication of an abnormality of 

• Diagnostic products Corporation, Los Angeles, California 
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TABLE 1 Prothrombin times 

6 8 10 13 
Days after infection 

Sec. Sec. Sec. Sec. 

Control 37 47 45 40 
1202 59 52 68 45 
1204 60 28 Death 
1205 46 90 66 45 
1203 53 NO 46 45 
1201 56 20 44 40 

NO= Not done 

TABLE 2 Partial thromboplastin times 

Days after infection 
6 8 10 13 

Sec. Sec. Sec. Sec. 

Control 28 34 27 37 
1202 31 27 40 42 
1204 31 34 Death 
1205 41 55 42 59 
1203 32 NO 43 38 
1201 40 38 38 27 

NO= Not done 

TABLE 3 Fibrin degradation products 

Days after infection 
6 8 10 13 

p.g!mf p.g!mf p.g!mf p.g!mf 

Control 3 3 3 2 
1202 3 3 3 2 
1204 3 3 Death 
1205 3 40 40 2 
1203 3 3 3 2 
1201 3 3 3 2 

TABLE 4 Aspartate transaminase (AST) activity 

Days after infection 
6 10 13 

ute @ 25·c• ute @25°C* ute @25·c• 

Control 22 22 23 
1202 119 222 90 
1204 102 Death 
1205 118 208 133 
1203 NO 37 37 
1201 66 51 33 

NO= Not done 

* Normal value = < 80 ute Schmidt (1979) 

TABLE 5 Glutamate dehydrogenase (GLDH) activity 

8 
Days after infection 

10 13 

ute@ 25•c• ute @25·c• ute@ 25°C* 

Control 2,2 2,6 1,1 
1202 7,3 59,5 10,2 
1204 4,0 Death 
1205 76,7 38,0 1,8 
1203 NO 3,3 5 ,1 
1201 4,4 3,3 1,8 

NO= Not done 
* Normal value = <8 ute Schmidt ( 1979) 

the intrinsic pathway of blood coagulation (Table 2). 
This calf also had elevated levels oi fibrin degradation 
products on Days 8 and 10 after tick attachment, which 
suggests the presence ofDIC. 

The results of the serum enzyme activities are shown 
in Tables 4, 5 & 6. 

Two calves (1202 and 1205) showed increases in 
AST, GLDH and GGT activities indicative of hepatic/ 
hepato-biliary pathology. 
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TABLE 6 Serum gamma glutamyl transpeptidase activity 

8 10 13 
Days after infection 

ute @25·c• ulf @25°C* ute @ 25°C* 

Control 10 10 4 
1202 8 29 16 
1204 9 Death 
1205 24 22 26 
1203 NO 8 7 
1201 11 10 8 

NO= Not done 
* Normal value = <25 ulf Schmidt (1979) 

TABLE 7 Plasma cortisol levels 

8 10 13 
Days after infection 

p.moVf* p.moVf* p.move• 

Control 35,0 6,7 5,0 
1202 82,0 32,4 1,1 
1204 139,9 Death 
1205 23,5 100,9 6,9 
1203 NO 0 39,4 
1201 10,7 10,6 21,3 

NO= Not done 
• Normal value = 0-30 EmoVf Coubrough, Bertschinger & Kiihne 
(1980) 

TABLE 8 Serum sodium levels 

6 8 10 13 
~s;ifter 

ecuon 
mmoVf* mmoVf* mmoVf* mmoVf* 

Control 136,3 155,9 137,4 NO 
1202 164,3 148,7 154,4 142,4 
1204 146,3 NO Death 
1205 140,7 152,3 137,5 139,9 
1203 NO 142,3 NO 150,3 
1201 150,4 155,7 136,9 148,7 

NO= Not done 
*Normal value= 136-145 mmoVf Doxey (1977) 

TABLE 9 Serum potassium levels 

I?:f;s ~fter 
6 8 10 13 

1 ecuon 
mmove• mmoVf* mmoVf* mmoVf* 

Control 4,91 4,77 4,12 NO 
1202 4,10 3,1 5,55 5 ,73 
1204 4,07 NO Death 
1205 3,34 2,7 4,7 4,44 
1203 NO 4,9 NO 5 ,03 
1201 2,93 4,73 5,0 5 ,38 

NO= Not done 
* Normal value= 3,6-5,6 mmoVf Doxey (1977) 

No detectable levels of endotoxins were measured in 
any of the animals. 

The results of the plasma cortisol levels are shown in 
Table7. 

Markedly elevated cortisol levels were found in 3 
calves (1202, 1204 and 1205), the highest level being in 
the calf that died 10 days after tick attachment. 

Serum electrolyte levels in the calves are shown in 
Tables 8, 9, 10 and 11. 

All the calves showed quite a marked fluctuation in 
sodium levels, but without any specific pattern. Affected 
animals, but not the control, showed increasing levels of 
potassium as the condition progressed. There were no 
marked alterations in the magnesium levels in any of 



them. The calcium level of Calf 1204 that died was mar­
kedly depressed, whereas the levels in the other calves 
were within normal limits. 

TABLE 10 Serum calcium levels 

f?:I;s ~fter 
6 8 10 13 

1 ecuon 
mmoU€* mmoU€* mmoU€* mmoU€* 

Control 2,07 2,96 2,77 ND 
1202 2,86 2,33 2,91 2,46 
1204 1,45 ND Death 
1205 2,19 2,66 2,31 2,41 
1203 ND 2,41 ND 2,74 
1201 2,20 2,47 2,42 2,67 

ND =Not done 
* Normal value = 2-3 mmoU Doxy ( 1977) 

TABLE 11 Serum magnesium levels 

~s~~;fter 
6 8 10 13 

ectlon 
mmoU€* mmoU€* mmoU€* mmoU€* 

Control 0,76 1,096 0,96 ND 
1202 0,86 0,67 0,68 0,81 
1204 0,75 ND Death 
1205 0,80 0,94 0,64 0,83 
1203 ND 0,65 ND 0,90 
1201 0,83 0,96 0,76 0,93 

ND= Not done 
* Normal value= 0,65-1,23 mmoU€ Doxey (1977) 

DISCUSSION 

An increased prothrombin time can be caused by he­
patitis, consumption coagulopathy, vitamin K deficiency 
or the presence of vitamin K analogs (Hall, 1972). In · 
sweating sickness, the first 2 causes are the most likely. 
In this study, all the sweating sickness cases showed 
prolonged PT times during some stage of the condition 
(Table 1). Two of the calves (1202 and 1205) showed 
laborato~ evidence of liver disease (Tables 4, 5 & 6). In 
DIC, which can be caused by a wide variety of disease 
processes, simultaneous activation of the coagulation 
and fibrinolytic system results in microvascular throm­
bosis or a bleeding tendency as clottin~ factors and plate­
lets are depleted (Green, 1983). This will result in a 
prolonged PTT. The latter can also be caused by pro­
longed liver disease, as the factors in the intrinsic coagu­
lation pathway have a half life of 2-4~ days compared 
with 4-6 h for Factor VII (Hall, 1972). The single calf 
(1205) that had a prolonged PTT also had elevated FDP 
levels, indicating that consumption of clotting factors 
was probably responsible for thedrolonged PTT. A diag­
nosis of DIC in Calf 1205, base on the laboratory find­
ings, was considered justified. 

This diagnosis may indicate that the histopathological 
changes ofDIC, as recorded by Kriek (1977), were those 
of a comsumption coagulopathy. It is interesting to note 
that Calf 1205, considered to be suffering from DIC, 
recovered without any treatment directed at this coagula­
tion disorder. This calf, however, did receive specific 
treatment in the form of hyperimmune serum. 

Plasma cortisol levels were markedly raised in 3 of the 
calves (Table 7). The calf with the highest cortisol level, 
which died on Day 10 after tick attachment, did not 
receive hyperimmune serum. Of the other 2 calves with 
raised cortisol levels, one (1202) had laboratory evi­
dence of liver disease, while the other (1205) had both 
DIC and liver disease. 
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. From the foregoing it appears that there may be a 
correlation between the severity of the condition and 
blood cortisol levels. As can be seen from Table 7, the 
cortisol levels did not remain constantly raised during the 
course of the condition, and this may limit its use as a 
prognostic indicator. 

The results suggest that endotoxins do not play a signi­
ficant role in the pathogenesis of the disease. 

Despite severe "sweating" in most of the calves, 
there were no marked abnormalities in the serum levels 
of sodium, potassium or magnesium (Tables 8-11). The 
calf that died, however, did have a markedly depressed 
serum calcium level. The significance of this is not im­
mediately apparent. 

The specific treatment of sweating sickness has been 
discussed by Oberem, et al. (1985). Recommendations, 
based on previous clinical pathological studies (Van 
Amstel, 1984) and the results of this study, can now be 
made with regard to the supportive treatment. 

The presence of a severe inflammatory process in the 
stratified squamous epithelium has been shown on both 
histopathology (Kriek, 1977) and clinical pathology 
(Van Amstel, 1984). For this reason the use of anti-in­
flammatory agents is indicated. 

The use of corticosteriods as anti-inflammatory 
agents, however, seems contra-indicated, as high levels 
of endogenous cortisol may already exist, as demon­
strated in this study. The adverse effects of corticoste­
roids on the immune system is well known and may be 
compounded by the presence of the leucopaenia demon­
strated by Van Amstel (1984). The non-steroidal, anti­
inflammatory drugs are probably preferable but, as they 
may be potentially nephrotoxic (Trillo, Sots & Gunson, 
1984), care should be taken with their use in sweating 
sickness, as a concurrent nephrosis very often exists 
(Van Amstel, 1984). 

Despite the absence of an endotoxaemia, the use of 
antibiotics in sweating sickness is indicated because of 
the likely immunosuppression in severe cases resulting 
from the elevated cortisol levels, as well as from the 
leucopaenia which may develop (Van Amstel, 1984). 

The use of specific treatment to prevent intravascular 
coagulation appears to be indicated. It has been shown 
that heparin, in doses of 10--20 i.u. per kg, significantly 
reduces the incidence of experimentally-induced lamini­
tis in horses in which it has been shown that DIC plays a 
significant role (Hood & Stephens, 1985). 

Fmally, from the results of this study, the use of liver 
sup~rtive treatment appears to be indicated and drugs 
which can aid in the synthesis of cellular membranes 
may be of benefit. These include cyanocobalamine, cho­
line, methionine and essential phospholipids. 
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