





a 13 x 100-mm glass tube and nre-incubated at 37
°C for 3 min. 0,1 m¢ of test pla  a was then added
to the reagent in the tube. Tii  is recorded on a
stopwatch from this point untii  gel clot forms re-
corded by a coagulation timel VLA, Electra 750,
Medical Laboratory Automatio nc., Pleasantvale,
NY, USA). Determinations are: 1ein duplicate and
expressed as mean times.

Activated partial thromboplasti  ime (APTT)

Collection and handling of spe __nens and the test
procedures are as described for PT, except that in
this instance the reagent used is coagulin-APTT
(Lennon Diagnostics, 10 Lindie 3treet, Bethliehem,
9700 South Africa). In additior 3 min after mixing
the reconstituted coagulin-APT  with the test plas-
ma, 0,1 m¢ pre-warmed calciu  chloride is added.
The time until a gel clot forms is  :corded by a coag-
ulation timer (Lennon Diagnostic 7 Fairclough Road,
Port Elizabeth, 6001 South Afri-1).

Fibrinogen

The test plasmas were diluted 1~ in prepared Coag-
ulin-Fibrinogen Buffer (Lennon iagnostics, 7 Fair-
clough Road, Port Elizabeth, 6( | South Africa) ac-
cording to the manufacturers’ rections. The test
was then run as described for =7

Fibrinogen degradation produc (FDP)

:ans of venepunc-
yolonged venous

Venous blood was collected by
ture of the jugular vein withou
occlusion, into specially prepar  evacuated tubes
supplied by the manufacturers ¢  he Thrombo-Well-
cotest (Wellcome Diagnostics, wartford, England).
Sample tubes were kept at ronm temperature for
3060 min. Sera thus obtainec vere used for the
Thrombo-Welico rapid latex tes  vhich was carried
out according to the manufacte rs’ directions.

Statistical analysis

Data for each measured variab.. were analysed by
means of the computer-based ste*stical-analysis pro-
gram "Statgraphics" (Statistical iraphics Corpora-
tion, USA, 1990). The data wer subjected to anal-
ysis by the Least Significant Di  rence (LSD) mul-
tiple-range test (Snedecor & Co~-"ran 1980) to com-
pare sampling-day mean value A difference was
considered significant at the P 1,05 level. Means
from days —13, —6, -5, —1 and were grouped as
"pre-infection” levels.
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days 11-13 were significantly lower than pre-infec-
tion levels. Globulin, on the other hand, was signi-
ficantly lower on day 13 only, >mpared with pre-
infection levels. Albumin levels therefore are more
severely affected as compared with globulin, probab-
ly since albumin is a smaller molecule and would
therefore easily pass through semi-permeable mem-
branes, compared with globulin (Ganong 1975).

Results of total and ionized ¢ ium are shown in

Fig. 8 and 9.

There was a marked drop in total calcium during the
acute stage of the disease, starting with the temper-
ature reaction. Levels of total calcii'm on days 9-13
were significantly lower, compare with those re-
corded on all pre-infection days. Ine decrease in
total calcium was similar to that of total serum pro-
tein, which is not surprising, as much of the blood
calcium is protein bound (Ganong 1975). In contra-
di nctionto this, ionized calcit  showed a marked
rise during the acute stage of the disease, followed
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FIG. 11 Results of mean haematocrit (Ht) (%) = 2 SE

by a terminal drop. lonized caicium levels were sig-
nificantly higher on days 10 and 11, compared with
all the pre-infection days. However, on the second
recording of day 13, the ionized calcium levels were
significantly lower than pre-infection levels, exclud-
ing day 0.

The results of the white-cell count (WCC) and hae-
matocrit (Ht) are shown in Fig. 10 and 11.

From Fig. 10 it is evident that there was an initial
drop in the WCC during the pre-infection period. The
initial leucocytosis was probably stress related (Jain
1986). The stress was probably caused by handling
and the new stable environment. From Fig. 10 it is
also evident that there was a terminal rise in WCC.
If days —13 and —6 are excluded, then the WCC for
both recordings on day 13 are elevated significantly
over all other pre-infection values.

Fig. 11 shows that there was a marked decline in the
haematocrit. From day 6 all Ht values, excluding the
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Clinical pathology of heartwater. IlI

first recording on day 13, were significantly lower
than all the pre-infection levels.

DISCUSSION

One of the striking features of
larity in the course of the ¢ 3:ase in the seven
sheep. Rectal temperatures of  °C and above were
recorded in all the sheep on the morning of day 7.
The height of the febrile reaction for all the sheep
occurred on days 11 and 12. One sheep died on day
12, five died or were euthanased on day 13—due
to severe clinical signs—and one was euthanased
on day 15.

s study is the simi-

This aided in relating the clinical nathological changes
observed to certain specific pe  ophysiological pro-
cesses. One such process is the laboratory evidence
of the development of a state of disseminated intra-
vascular coagulopathy duringi : acute stage of the
disease. For such a laboratory diagnosis, changes
in at least three blood-clotting parameters are re-
quired (Van Amstel, Olivier & Reyers 1987b). In this
study statistically significant changes in prothrombin
time, activated partial thromboplastin time and throm-
bocyte counts were observed. The fact that the ani-
mals had not been exposed to anticoagulants and
that there was no hepatopathy  autopsy, indicates
that the prolonged PT and APTT are probably due
to a consumption coagulopathy which is further sup-
ported by the thrombocytopaenia.

The reason why fibrinogen-degradation products
(FDP) were not elevated may possibly rest with the
principle on which the test is based. Specific immu-
noglobulins against human fibrinogen fragments D
and E are used in this test. It aves, therefore, an
open gquestion as to whether this test is suitable for
use in sheep. In addition, FDF  agments may com-
plex with fibrinogen or fibrin monomers, which will
result in the test being negative (Slappendel 1989).

It is well recognized that ruminants can produce
large amounts of fibrinogen (Jain 1986). It is there-
fore quite feasible that the coa¢  ation process pres-
ent in these cases was not se re enough to have
consumed sufficient fibrinogen  >roduce below-nor-
mal plasma levels. High fibrinogen levels can also
be expected with chronic DIC or in cases where DIC
is preceded by inflammatory conditions (Slappendel
1989).

Several compounds involved in normal blood clotting
have been associated with an increase in capillary
permeability, including alpha thr  1bin, fibrin and plas-
min, through neutrophil and complement activation
(Ferro & Malik 1989).

Both the involvement of endotoxin which can initiate
DIC, and an increase in capillary permeability (Van
Amstel et al. 1988a; Johnstone 1986) and comple-
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ment (Du Plessis, Malan & Kowalski 1987) in cases
of experimentally induced heartwater, have been
demonstrated.

It therefore seems likely that the increase in capillary
permeability observed in natural and experimentally
induced heartwater is brought about by interrelated
processes which include derangements in blood clot-
ting, endotoxaemia, complement activation and other
inflammatory products.

The presence of the abnormalities in bloodclotting
as recorded in this study may be related to the
pathogenicity of the infective agent as Du Plessis &
Van Gas (1989) found the "Welgevonden" stock of
C. ruminantium to be highly pathogenic. Itis possible
that the laboratory changes associated with the pres-
ence of DIC found in this study may not develop if
other stocks of C. ruminantium are used in experi-
mentally induced disease.

The presence and severity of the microvascular per-
meability defect was again demonstrated by the
marked decline in protein, especially albumin, during
the acute and terminal stages of the disease.

The fall in total calcium paralleled that of protein, as
approximately 60 % of the total calcium is in the
bound form (Belonje 1976b). Changes in ionized cal-
cium levels did not, however, follow those of total
calcium. There was a significant increase over pre-
infection levels during the acute stage of the disease
and this was followed by a significant decline during
the terminal stages. The reason for this increase in
ionized calcium is not immediately apparent. (Belonje
1976b) demonstrated a correlation between blood-
calcium levels and blood pH in sheep. He found a
definite rise in total calcium which was paralleled by
ionized calcium after infusion with lactic acid. In this
study ionized calcium rose, despite the presence of
a slight respiratory alkalosis during the acute stage
of the disease (Van Amstel, Reyers, Sacks, Guthrie,
Killeen, Myburgh & Pretorius, unpublished data 1993).
The contribution of the terminal drop in ionized cal-
cium to the death of these sheep is unclear. Further
studies need to be carried out in this regard.

Although the total leucocyte count dropped during
the course of the disease, a true leucopenia was not
observed as previously reported (llemobade & Blot-
kamp 1978; Van Amstel et al. 1987 a). Figures for
total white-cell count during the acute stage of the
disease could be regarded as low normal (Jain
1986), whereas total leucocyte counts obtained dur-
ing the terminal stage of the disease indicated a defi-
nite leucocytosis.

The reason for this terminal leucocytosis is not obvi-
ous, but it could be inflammatory or cortisol-induced.
Van Amstel et al. (1988b) found elevated levels of
cortisol in a calf with experimentally induced heart-
water on the 2 d preceding death. Other factors as



yet undetermined, may also play a role as some of
the eicosanoids will cause neutrophil aggregation
and chemotaxis (Bottoms & Adams 1992).

A substantial drop in the haematocrits of the sheep
was again demonstrated. In a previous study, Van
Amstel et al. (1988b) also observed a progressive
drop in both haemoglobin and the haematocrit, coin-
ciding with the initial temperature reaction. In this and
the afore-mentioned stud there were no changes
in either the red-cell mean corpuscular volume (MCV)
or the mean corpuscular haemoglobin concentration
(MCHC), indicating a normocytic normochromic anae-
mia (Jain 1986). These authors speculated that the
cause of this anaemia might be a bone-marrow de-
pression, on the basis that this type of anaemia was
also accompanied by both a neutropenia and an eo-
sinopaenia. The possibility of a transient bone-mar-
row depression in clinical cases of heartwater should
still be investigated as other causes of a normacytic
normochromic anaemia seem unlikely in this disease
(Van Amstel et al. 1988b).
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