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HEARTWATER IN ANGORA GOATS. II. A PATHOLOGICAL STUDY OF
ARTIFICIALLY INFECTED, TREATED AND UNTREATED GOATS
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ABSTRACT

PROZESKY, L. & DU PLESSIS, J. L., 1985. Heartwater in Angora goats. II. A pathological study of
artificipally-infected, treated and untreated goats. Onderstepoort Journal of Vererinary Research, 52, 13-19

(1985).

Pathological lesions in untreated Angora goats infected with the Ball, strain of Cowdria ruminantium
corresponded with those previously reported. A severe nephrosis was the most prominent pathological lesion in
the animals treated after the 1st day of the febrile reaction. Renal ischaemia appears to be central to the

pathogenesis of the kidney lesions.

INTRODUCTION

The pathology of heartwater (HW) in cattle, sheep and
goats has been described by Steck (1928), Alexander
(1931), Pienaar, Basson & Van der Merwe (1966) and
Pienaar (1970). Reports on HW in goats (Du Plessis,
Jansen & Prozesky, 1983) are limited if compared with
those on HW in sheep and cattle. In this study they report
a high mortality in Angora goats, artificially infected
with the Ball, strain of Cowdria ruminantium and treated
after the 1st day of the febrile response. Du Plessis et al.
(1983) stressed the high susceptibility of Angoras to the
disease. Ilemobade & Adeoye (1976) did not observe
any difference between the mortality rate of HW-in-
fected brown goats treated on the 1st day of the febrile
response and those treated on the 2nd day. Treatment
after the 2nd day of the febrile response, however, was
much less successful.

The purpose of this study is to describe and compare
the gross and microscopical pathology of HW in un-
treated and specifically treated Angora goats infected
with the Ball, strain of C. ruminantium, with emphasis
on the kidney lesions subsequent to treatment.

MATERIALS AND METHODS
Experimental animals

Ten adult Angora goats were selected from a previous
study, for which the origin of the animals and the inoc-
ulation procedures have been described elsewhere (Du
Plessis et al., 1983).

Necropsies were performed at various stages of the
febrile reaction (Table 1). Eight of the 10 inoculated
goats were injected intramuscularly with a long-acting
oxytetracycline* preparation at a dosage rate of 2040
mg/kg live mass on either the 1st, 2nd or 3rd day of the
febrile reaction and again 3 d later if they were still alive
(Table 1). Three of the treated goats died and the remain-
ing 7 goats, including the 2 untreated goats, were killed
in extremis. One uninfected, untreated goat was necrop-
sied and served as a control (Fig. 4).

Clinical pathology

Prior to necropsy a blood sample was collected in a
sterile vacuum tube from each of 6 goats, including the 2
which were not treated. Blood samples from 3 additional
uninfected Angoras kept under the same conditions as
the 10 infected goats served as controls. Blood urea ni-
trogen (BUN) was determind by means of a Merckog-
nost Urea kitf. Urine samples were tested for the pres-
ence of glucose, ketones, bilirubin and blood, using
Labstix reagent stripsi.
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Microscopical pathology

Various organs, including the kidneys, liver, spleen,
brain, lungs and heart, were collected in 10 % buffered
formalin from each of the animals.

Paraffin sections were prepared from selected tissue
blocks and stained with haematoxylin and eosin (HE),
according to routine procedures. Special staining tech-
niques, such as the Pickworth’s benzidene method for
haemoglobin, Perl’s method for haemosiderin, Periodic
acid Schiff’s (PAS) reaction for mucopolysaccharides,
Schmorl’s technique for lipofuscin and Von Gieson’s
technique for collagen (Anon, 1968; Pearse, 1961), were
applied to selected kidney sections.

Brain smears

Brain smears were prepared from the hippocamp»< of
each animal according to the method described by -
chase (1945), and were stained with a 10 % Giemsa
solution for 45 min.

RESULTS
Clinical signs

Untreated goats

The incubation period ranged from 11-13 d (Table 1).
During the febrile reactions, a gradual inappetence was
noticed, and the goats were less inclined to move
around. Respiration was costo-abdominal, and the respi-
ratory rate gradually increased. A progressively unsteady
gait was noticed, and the animals eventually stood with
legs apart and head down. Terminally, the goats
hypothermic and dyspnoeic, and they died w
showing pronounced nervous symptoms, although chew-
ing movements and licking of the lips were noted.

Treated goats

The incubation period and maximum temperatures are
recorded in Table 1. Inappetence was noted during the
febrile reaction. After treatment, the goats gradually be-
came lethargic and dehydrated, with congestion of the
conjunctivae. They became comatose, hypothermi |
dyspnoeic with occasional grinding of teeth and frc !
at the mouth (Fig. 1).

Clinical pathology

The results are summarized in Table 1. BUN v
the 3 control goats ranged from 28-52 mg/100
untreated goats it measured from 143-144 mg/
and in treated goats from 200-254 mg/100 m¢. Protein-
uria was evident in all the treated and untreated goats.

Gross pathology
Untreated goats

Respiratory system and heart: A moderate hydrotho-
rax was present in both animals, the thoracic cavi ¢
taining ¢. 400 m¢ of pale yellow fluid. The lungs w both

* Liquamycin LA, Pfizer

+ Merckognost Urea Merck
§ Bili-Labstix, Ames Company
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TABLE 1 Febrile reaction, clinical pathology and examination of brain smears of Bally-infected, treated and untreated goats

G Febrile reaction to infection Treatment Urine analysis
oat
No. ]?)i);;f l?:x:;x),osn I\t/g;;mggl Days n]?g(,)/fg Outcome Proteinuria | Glucoseuria | Haematuria m g}all(')I(I;I mé S?nr:;rr's
1 11 6 41,6 3&6 40 Killed in extremis Tt T Tt 254 Neg.
2 13 4 41,6 3 40 Killed in extremis Tt i T 200 i
3 11 4 41,4 3 40 Killed in extremis f
4 14 5 42 2&5 40 & 30 Killed in extremis Tt T 200 Neg.
5 13 4 41,4 2 40 Killed in extremis t T 200 Neg.
6 13 4 41,2 1&4 40&20 | Died N/A
7 11 5 41,8 3 40 Died N/A
8 11 3 41,9 3 40 Died T
9 13 7 42 uUT Killed in extremis Tt T 144 Tt
10 1 7 41,9 Ut Killed in extremis Tt 143 Tt
11-13 Controls 28-52

N/A : Not available

- 111 : Increasing severity (arbitrary relative units)

Neg : Negative
UT : Untreated
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A mild to moderate interstitial fibrosis was noted in
animals with more advanced lesions (Fig. 12). Apart
from fibroblasts, single or groups of neutrophils, lym-
phocytes, red blood cells and a few pigment-laden
macrophages were seen in the interstitial tissue.

Brain: Brain lesions were similar to those described in
the untreated goats (vide supra). In 3 goats, the lesions
were very mild.

Other organs: In all the goats the renal lymph nodes
were oedematous. Lesions corresponded with those de-
scribed in the bronchial and mediastinal.lymph nodes of
ur  ated goats. Apart from a mild oedema of the abo-
masum in 1 goat, no other noteworthy lesions were ob-
served.

Brain smears

Colonies of C. ruminantium were present in the brain
smears of both untreated and 3 treated goats (Table 1).

DISCUSSION

The clinical signs in the untreated goats corresponded
closely with those previously described in cattle, sheep
and goats with the acute form of HW (Alexander, 1931).
Marked nervous symptoms were not present in the goats
during this study. According to Alexander (1931), ner-
vous symptoms are usually more pronounced in cattle
than in sheep and goats. The most striking difference
between untreated and treated Angora goats was the se-
vere dehydration and comatose state during the terminal
stages of the disease in the treated animals.

Gross lesions in the untreated Angoras corresponded
to a large extent with those described in 82 untreated
goats naturally infected with HW (Steck, 1928). A neph-
r0sis was present in ¢. 25 % of the cattle, sheep and goats
(Steck, 1928). Alexander (1931) confirmed these re-
sults, although the percentage of animals with gross kid-
ney lesions in his survey is not known. Although a mild
nephrosis was present in the 2 untreated Angoras in our
study, the numbers are too limited for statistical compa-
€i1s9o; with the results of Steck (1928) and Alexander

1).

A severe nephrosis was the most striking lesion in all
the goats treated for HW. This corresponded with field
observations where a marked nephrosis and a high mor-
tality were reported in Angoras after treatment. Informa-
tion related to the pathological lesions in HW-infected
ruminants subsequent to specific chemotherapy is lim-
ited. llemobade & Adeoye (1976) reported a high mor-

ity in HW-infected brown goats, treated after the 2nd
aay of the febrile reaction. According to these authors
the naturally and artificially infected goats that died
without any treatment did not show a nephrosis. It is not

ar, however, whether the treated animals that died
were examined pathologically.

Histopathological lesions in the kidneys of the 2 un-
treated Angoras included protein-rich material in Bow-
r s spaces, swelling of tubular e "““elial cells and
intratubular hyalin casts. These mild | ons correspond
to a large extent with those reported in cattle, sheep and
goats by Steck (1928). He described these lesions as
fairly characteristic, although not very marked. Contrary
to these findings, a severe acute to subacute nephrosis
was noted histologically in all the treated goats in our

. Lesions included swelling of glomerular epithelial
accumulation of protein-rich fluid in distended
powman’s spaces and tubular dilatation with the pre-
sence of numerous hyalin, granular and cellular casts.
An interstitial fibrosis with a mild to moderate neutrophil
infiltration of the interstitial tissue was noted in goats
with more advanced lesions. ] isence of pathological
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lesions in 2 uninfected Angora goats, treated at dose
rates of 2040 mg/kg live mass with the same long-act-
ing oxytetracycline* used during this experiment, ex-
cluded the drug as the cause of the nephrosis (L. Pro-
zesky & J. L. du Plessis, unpublished data, 1982).

The 2 main causes of tubular necrosis are nephrotox-
ins and ischaemia or a combined effect of the 2 (Dunhill,
1974). To asses the presence of ischaemia, endogenous
serum creatinine levels can be used as an index of the
glomerular filtration rate, since most of the urine creati-
nine is filtered by the glomerulus (Duncan & Prasse,
1981). According to Smith (1963), cited by Benson &
Williams (1974), a rise in blood creatinine occurs when

1 the functional capacity of the kidneys falls below 25 %.

Furthermore, one of the causes of increased BUN is a
diminished glomerular filtration rate (Duncan & Prasse,
1981). The high BUN levels recorded in this study,
therefore, may indicate a diminished glomerular filtra-
tion rate associated with renal ischaemia. However, in-
creased BUN may also result from passive diffusion of
nitrogen with water from the tubular lumen back into the
blood (Duncan & Prasse, 1981). A significant increase
in both serum creatinine and BUN values were recorded
in 4 untreated HW infected Angora goats 3—4 d after the
height of the febrile reaction (L. Prozesky & J. L. Du
Plessis, unpublished data, 1983). These findings suggest
a reduced renal blood flow, although the increased val-
ues may also be attributed to other factors (Duncan &
Prasse, 1981).

The nephrosis that features so prominently in the ex-
perimental animals used in this study may in all probabil-
ity therefore be associated with a renal ischaemia. This
conclusion, however, should be drawn with caution as
the possible role of a ‘‘toxin’’ in the pathogenesis of HW
cannot be excluded and may contribute to the nephrosis
(L. Prozesky & J. L. Du Plessis, unpublished data,
1984).

Clark (1962) suggested that death in HW-infected
sheep is due to a sudden loss of peripheral vascular resis-
tance (sympatholysis). In treated animals which do not
recover but pass into a state of collapse, he concluded
that the specific chemotherapy eliminates the infection in
time to prevent death from circulatory collapse, but that
irreversible brain damage had occurred. Brain lesions in
our untreated Angoras were indistinguishable from those
in treated animals and corresponded with the lesions pre-
viously reported by Pienaar et al. (1966). Only mild
brain oedema was present in 3 treated goats and therefore
it appears unlikely that the comatose state of the goats
during the terminal stages of the disease could be attri-
buted to irreversible brain damage, as suggested by
Clark (1962). The decline in peripheral resistance re-
corded in HW-infected sheep by Clark (1962) and
Owen, Littlejohn, Kruger & Erasmus (1973) may inevit-
ably result in a decreased blood supply to the kidneys.

Although prompt elimination of the infection by
means of specific chemotherapy prevents the death of the
goats from circulatory collapse, our findings suggest that
irreversible kidney damage may lead to the death of the
treated animals.
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