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ABSTRACT 

VAN AMSTEL, S.R. , REYERS, F. & MYBURGH, ELSBE. 1994. Changes in the blood-gas status of 
sheep with experimentally induced heartwater. Onderstepoort Journal of Veterinary Research, 61 :45--49 

The blood-gas status of seven sheep with experimentally induced heartwater during the acute and term
inal stages was investigated. Changes in blood gas included a decline in arterial oxygen tens1on (p02) 

combined with a respiratory alkalosis. Although the sheep became hypoxaemic, blood-gas changes 
associated with respiratory failure were not observed. 

INTRODUCTION 

Studies on the blood-gas status in heartwater have 
been carried out by llemobade & Blotkamp (1978}, 
Clark (1962), Owen, Littlejohn, Kruger & Erasmus 
(1973) and Van Amstel, Guthrie, Oberem, Killeen & 
Matthee (1988). In these studies no clear consensus 
was reached as to the exact nature of the blood-gas 
changes associated with experimentally induced dis
ease nor the role they played in the cause of death. 
Differences in results could possibly be due to differ
ences in the collection, handling and assay of sam
ples as well as the time of collection during the 
course of the disease. 

In their previous study Van Amstel eta/. (1988) found 
a tendency towards fhe development of a respiratory 
alkalosis during the early, acute febrile stage of the 
disease. This they associated with hyperventilation 
resulting from fever and handling. Neither lowering 
of arterial carbon dioxide (pC02) nor oxygen tension 
(p02) were marked. Based on this they questioned 
the importance of lung oedema as the major cause 
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of death in acute cases of the disease. These au
thors did not, however, record any blood-gas chang
es during the terminal stages (last 12 h) of the dis
ease. As alveolar flooding appears to be a terminal 
event, it would appear important that such studies 
be included. In the present study, blood-gas deter
minations were carried out during 12 d pre-infection, 
12 d post-infection and also during the last 12 h be
fore death. 

MATERIALS AND METHODS 

Experimental animals 

Seven healthy adult Merino sheep were used (iden
tified as 3535, 3499, 3428, 3437, 3459, 3559 and 
3438). To facilitate the collection of arterial blood 
samples a portion of the left common carotid artery 
was subcutaneously relocated in the jugular groove, 
by use of the technique described by Butler (1962). 
Complete healing of the surgical wounds occurred 
during a 2-week period, after which pre-infection 
samples were drawn over a period of 12 d. ~here
after, heartwater was induced in the sheep by Inocu
lating each of them intravenously with a single dose 
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(5 mQ of infected blood) of the "Welgevonden" stock 
of Cowdria ruminantium (Du Plessis 1985). 

Clinical parameters 

The rectal temperature of each animal was recorded 
twice daily. Only the morning temperature was en
tered into the records, the afternoon reading serving 
as a double-check. On no occasion was there a sig
nificant discrepancy between the two readings. The 
acute (febrile) phase of the disease was considered 
to have commenced when the recorded rectal temp
erature reached 40 °C. 

Respiratory rate was recorded daily, in the morn
ing, by counting the number of full respiratory move
ments over 1 min. In the event of an animal panting, 
no value was entered in the records, but the panting 
was noted. 

Heart rate was recorded daily, in the morning, by 
auscultation of the heart for a full minute. 

Habitus and appetite were also recorded daily, in the 
morning, using a subjective, semi-quantitative scor
ing system of 0- 5+. 

Confirmation of heartwater 

The presence of heartwater was confirmed by micro
scopic demonstration of Cowdria ruminantium or
ganisms in Romanowski-stained (Cam's Diff Quick, 
CA Milch, Krugersdorp, RSA) smears prepared from 
the hippocampus at autopsy after euthanasia or dis
ease-induced death (days 12- 15 post-infection) . 

Experimental procedures 

Blood-gas parameters 

Arterial blood was collected via a 23 G hypodermic 
needle introduced percutaneously into the relocated 
portion of the carotid artery. Blood samples were 
collected anaerobically in 5-mQ heparinized, dispos
able syringes, which were sealed immediately after 
collection. Blood-gas analysis was performed within 
an hour of sample collection using a Nova Stat Pro
file 7 blood-gas analyser (Nova Biomedical, Walt
ham, USA) . 

Blood samples were collected on days -12, -6, - 5, 
- 1, on the day of infection (day 1) and then once 
daily from days 6-13 post-infection. On day 13 sam
ples were collected within 12 h of death or euthana
sia. In three sheep that died on day 13 (3459, 3437, 
3499) and one sheep that survived to day 15 (3559) 
two samples were taken on day 13 during the 12-h 
period preceding the death of the former three. The 
results of three samples, one on day -6 (sheep 
3459) and one each on days 8 and 9 (sheep 3499) 
were not included as doubt existed whether the 
blood was of arterial origin. 
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Pericardia/ effusions and thoracic effusions 

After removal of the abdominal organs at autopsy, 
the animal was placed in dorsal recumbency. An in
cision was made through the abdominal attachment 
of the diaphragm to expose the chest. The incision 
was carefully enlarged until the thoracic effusion could 
be visualized. By means of a 6-cm teat canula, the 
thoracic fluid was aspirated into a 50-mQ disposable 
syringe and the volume recorded. 

During this procedure care was taken not to acci
dentally cut into the pericardia! sac during the open
ing of the chest. A 18 G needle attached to a 50-mQ 
disposable syringe was used to aspirate the pericar
dia! effusion after penetration of the pericardia! sac. 
Following this, the pericardia! sac was carefully in
cised in order to reach any remaining fluid , which 
was then also aspirated and recorded. 

Statistical analysis 

Data for each measured variable were analysed by 
means of the computer-based statistical analysis 
programme "Statgraphics" (Statistical Graphics Cor
poration, USA, 1990). The data were subjected to 
the Least Significant Difference (LSD) multiple-range 
test (Snedecor & Cochran 1980) to compare sam
pling-day mean values. A difference was considered 
significant at the P < 0,05 level. Means from days 
-12, -6, -5, - 1 and 0 were grouped as "pre-infec
tion" levels. 

RESULTS 

Fever 

Rectal temperatures daily mean values remained at 
the pre-infection level of 38,6-39,1 oc up to and 
including day 6 (Fig. 1). On day 7 six of the seven 
sheep recorded a temperature of 40,0 oc and there
after rectal temperatures rose progressively to ex
ceed 41 ,5 oc by day 12. All temperature means from 
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FIG. 1 Results of mean rectal body temperature in oc ± 2 SE 
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day 7 were significantly higher than pre-infection lev
els as well as that recorded on day 6. Based on the 
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FIG. 5 Results of mean arterial blood partial oxygen tension in 
mm mercury :t 2 SE 

above, the acute (or febrile) phase of the disease 
was identified as day 7 to death or euthanasia. 

Outcome 

Sheep 3428 died on day 12. Three sheep (3499, 
3437 and 3459) died on day 13. Two sheep (3535 
and 3438) were euthanased on day 13 owing to the 
severity of clinical signs. Sheep 3539 survived day 
13 but had to be euthanased on day 15. 

Respiratory rate 

Fig. 2 shows that, like rectal temperature, respiratory 
rate mean values remained in the pre-infection range 
of 34-40/min until day 6. From day 7 all respiratory 
rate means were significantly higher than pre-infec
tion rates as well as the mean value obtained on day 
6. Respiratory rates continued to rise during the 
acute (febrile) phase with the means recorded on 
days 11 and 12 being significantly higher than those 
on days 7 and 8. 

Blood-gas/acid-base status 

Fig. 3 demonstrates that all pH mean values during 
the acute febrile phase exceeded 7,45, with values 
in excess of 7,5 on days 11 and 12. The mean pH 
values during this phase were significantly higher 
than all pre-infection means values except those on 
day - 12. Thus it can be said that an alkalosis existed 
during the entire acute (febrile) phase. 

Arterial partial pressure of carbon dioxide (Fig. 4) 
was significantly lower (with the exception of day 8) 
during the acute (febrile) phase than during the pre
infection period as well as on day 6. 

Arterial p02 (Fig. 5), although decreasing after day 8, 
showed mean values which were significantly lower 
than pre-infection levels only on days 11 , 12 and 13. 
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TABLE 1 Results of the arterial partial oxygen tension during the 
last 12 h 

Sheep 
p02 mmHg 

identification 
First reading Second reading 

3499 71 ,6 54,9 
3437 82,0 75,7 
3459 70,3 84,3 

TABLE 2 Results of effusion measured at autopsy and the last 
recorded arterial oxygen tension and respiratory rates 

Sheep Pericardia! Thoracic p02 Respira-
effusion effusion (mmHg) tory rate 
(m~) (m~) (min.- 1

) 

3535 70 257 77 60 
3499 59 300 55 100 
3428 79 a 135 79 80 
3437 15 218 76 110 
3459 5 33 84 104 
3438 50 446 75 60 
3559 12 b NO c 72 94 

a = Day 12 b =Day 15 c =Not done 
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FIG. 6 Results of mean arterial blood bicarbonate in mmol/~ 

Only one of the three sheep which died on day 13 
showed a significant terminal hypoxaemia (Table 1 ). 

From Fig. 6 it is clear that blood-bicarbonate concen
trations, although showing great variability, did not 
exhibit any changes during the trial period which cor
related with any of the other observed patterns. 

No significant correlations could be demonstrated be
tween effusion volumes and p02 or respiratory rate. 
Table 2 clearly demonstrates the lack of any close 
correlations. 
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DISCUSSION 
These results confirm an earlier report of an alkalo
sis being present during the acute (febrile) phase of 
the disease (Van Amstel et at. 1988}. This alkalosis 
was shown to persist into the terminal stages. The 
changes exhibited by the respiratory rate and pC02 
clearly demonstrate that the alkalosis is respiratory 
in origin . 

Such a respiratory alkalosis could be brought about 
by two possible mechanisms: 

• Loss of C02 through hyperpnoea triggered by a 
hypoxaemia. Lung oedema and/or alveolar flood
ing would be expected to cause the observed hy
poxaemia. This would cause a compensatory hy
perpnoeic response. Carbon dioxide, being more 
easily solubilized, would pass through a fluid bar
rier with greater facility than oxygen, leading to a 
respiratory alkalosis as a result of excessive car
bon-dioxide loss. The data from this trial do not 
lend much support for this mechanism as the hy
poxaemia was not very severe (except in sheep 
3499) and trailed the alkalosis chronologically. 

• Loss of C02 through hyperpnoea triggered by fe
ver. In an attempt to restore normal body temper
ature by increasing evaporative heat loss through 
hyperventilation, excessive C02 would be "blown 
off" leading to a respiratory alkalosis. The data 
from this trial appear to confirm that this mechan
ism was probably responsible. Respiratory-rate in
crease closely followed the increase in tempera
ture (sheep 3437 even panting on day 8), mirrored 
by a decrease in pC02. 

There was a gradual reduction in the arterial p02 
levels during the acute phase of the disease. Except 
for sheep 3459, the p02 of all the other animals (Ta
ble 2) were clearly below the mean pre-infection p02 
levels of 85- 90 mmHg (Fig. 5). However, in an at
tempt to determine whether respiratory failure could 
be identified as the cause of death, these data do 
not, in general, support such a conclusion. Only 
sheep 3499, with a terminal p02 of 54 mmHg, ap
proaches the degree of hypoxaemia which would be 
consistent with such a mechanism (Huber 1984). 

The hypoxaemia, although not generally very se
vere, and occurring late in the acute (febrile) phase, 
appears to be only loosely (although not significantly} 
correlated with the observed volume of pericardia! 
and/or thoracic effusions. This relationship was, how
ever, particularly noticeable in sheep 3499 and 3459, 
representing two extremes. 

ACKNOWLEDGEMENTS 
The authors wish to extend their sincere thanks to 
Dr S. Vogel of the Veterinary Research Institute, 



Onderstepoort, for his help in obtaining the experi
mental animals and the "Welgevonden" stock, and 
Mrs H. van Aarde and Mrs H. Delport for the prep
aration of the manuscript. 

REFERENCES 
BUTLER, H.C. 1962. Subcutaneous relocation of the carotid artery 

for experimental purposes. American Journal of Veterinary Re
search, 23:165. 

CLARK, R. 1962. The pathological physiology of heartwater Cow
dria (Rickettsia) ruminantium Cowdry, 1926. Onderstepoort 
Journal of Veterinary Research, 29:25-33. 

DU PLESSIS, J.L. 1985. Method for determining the Cowdria rumi
nantium infection rate of Amblyoma hebraeum: Effects in mice 
injected with tick homogenates. Onderstepoort Journal of Veter
inary Research , 5:55- 61 . 

S.R. VAN AMSTEL, F. REVERS & ELSBE MYBURGH 

HUBER, G.L. 1984. Arterial blood gas and blood gas physiology, 
in Current Concepts. August 1984. The Up john Company: 55-
71 . 

ILEMOBADE, A.A. & BLOTKAMP, C. 1978. Clinico-pathological 
study of heartwater in goats. The Journal of Tropical Medical 
Parasitology, 29:71-76. 

OWEN, N.C., LITTLEJOHN, A. , KRUGER, M.M. & ERASMUS, 
B.J. 1973. Pathophysiological features of heartwater in sheep. 
Journal of the South African Veterinary Association 44 ( 4) :397-
403. 

SNEDECOR, G.W. & COCHRAN, W.G. 1980. Statistical methods. 
7th ed. Ames, Iowa, USA: Iowa State University Press. 

VAN AMSTEL, S.R., GUTHRIE, A.J. , OBEREM, P.T., KILLEEN, 
VALERIE M. & MATTHEE, 0. 1988. The clinical pathology of 
heartwater. II. Studies on cardiac and pulmonary function in 4 
calves with experimentally-induced heartwater. Onderstepoort 
Journal of Veterinary Research , 55:1 09- 116. 

49 


