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ABSTRACT: Seven female and three male common wombats (Vombatus ursinus) collected from
forested areas of Victoria (Australia) over a 10 mo period, 10 April 1997 to 22 February 1998
had at least 30% of their skin affected by severe hyperkeratotic sarcoptic mange. Mangy wombats
were grazing during the day, could be readily approached, were in poor body condition, and
lacked subcutaneous fat. The anterolateral surface of the body was most heavily parasitised with
Sarcoptes scabiei var wombati followed by the posterolateral surface, the dorsal region between
the ears, the ears, ventral abdomen, medial aspect of the legs, axillary and inguinal areas, and
the dorsal midline. Larvae were the most prevalent life-cycle stage followed by eggs, nymphs,
females, and males. Mite numbers and the severity of clinical signs, namely thickness of scale
crust and the degree of alopecia, were correlated and were symmetrical on each side of the body.
Fissuring of crust and skin only occurred when scale crust was present. Bacterial infections
occurred in three of 10 wombats within lymph nodes or the pleural cavity. Lymphoid depletion
did not occur in lymph nodes or spleens and prescapular lymph nodes contained a greater amount
of nuclear debris in germinal centres than non-mangy wombats. Seven wombats had fatty change
in their livers. Gonads of mature wombats were not active or had minimal activity. Significant
histopathological changes were not seen in the gastrointestinal tract, kidney, brain, myocardium,
spleen, thyroid, reproductive tract, and gonads. Hematocrit, mean corpuscular volume, mean
corpuscular hemoglobin, and concentrations of hemoglobin, lymphocytes, calcium, glucose, cre-
atinine, total solids, total protein, albumin determined both colormetrically and electrophoreti-
cally, and globulins were significantly lower and concentrations of neutrophils, monocytes, phos-
phorus, urea, glutamate dehydrogenase, aspartate aminotransferase and creatine kinase were sig-
nificantly higher in mangy versus captive wombats. Concentrations of erythrocytes, mean cor-
puscular hemoglobin, leucocytes, band neutrophils, eosinophils, nucleated erythrocytes, sodium,
potassium, chloride, total bilirubin, alkaline phosphatase, and gamma glutamyltransferase for
mangy wombats were not significantly different from that reported for captive wombats. Hema-
tological and pathological changes in mangy wombats were consistent with anemia, inflammation,
and changes seen with starvation.

Key words: Common wombat, life cycle stages, hematology, pathology, Sarcoptes scabiei var
wombati, sarcoptic mange, Vombatus ursinus.

INTRODUCTION

The clinical pathological and histopath-
ological changes induced by severe sarcop-
tic mange have been investigated in coy-
otes (Canis latrans), rabbits (Oryctolagus
cuniculus), domestic dogs, and foxes (Vul-
pes vulpes) (Pence et al., 1983; Arlian et
al., 1988a, 1990, 1995; Little et al., 1998).
The distribution and number of some life
cycle stages of Sarcoptes scabiei have been
determined in pigs and humans with slight
to moderate sarcoptic mange (Johnson and
Mellanby, 1942; Bartley and Mellanby,
1944; Davis and Moon, 1990) but, there

have been no studies on distribution and
number of S. scabiei on hosts with severe
hyperkeratotic sarcoptic mange, nor have
mite numbers been related to clinical signs
(Arlian, 1989; Burgess, 1994).

The pathogenesis of severe sarcoptic
mange in common wombats (Vombatus
ursinus) is not well understood despite be-
ing widespread in wombat populations and
considered to affect the abundance of
wombats (Martin et al., 1998; Skerratt et
al., 1998). The histopathological changes
in the skin and internal organs of common
wombats with severe hyperkeratotic sar-
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FIGURE 1. Mean number of mites, for 10 wom-
bats with severe hyperkeratotic sarcoptic mange, at
sites on lateral surfaces, along the dorsal midline and
on the ventral surface. The number of a site is un-
derlined and corresponds to the number in Table 1.

coptic mange have been described (Sker-
ratt, 1998), however the clinical patholog-
ical changes have not. Here, we investigate
the systemic effects of severe sarcoptic
mange on common wombats including
clinical pathology, the distribution and
number of each life cycle stage of Sarcop-
tes scabiei var wombati on common wom-
bats with severe hyperkeratotic sarcoptic
mange and how mite numbers relate to
clinical signs of mange.

MATERIALS AND METHODS

Ten wombats with severe hyperkeratotic sar-
coptic mange were collected from forested ar-
eas of the state of Victoria (Australia; 378309 to
388059S, 1448299 to 1458479E) over 10 consec-
utive months from 10 April 1997 to 22 Feb-
ruary 1998. Seven female and three male com-
mon wombats, six of them adults and four sub-
adults, were collected from Bullengarook
(378319S, 1448299E), Eden Park (378309S,
1458049E), Christmas Hills (378399S, 1458199E),
Chum Creek (378369S, 1458299E), Toolangi
(378329S, 1458299E), and Longwarry North
(388059S, 1458479E), Victoria, Australia. Wom-
bats were found grazing during the day and
could be readily approached. They were either
hand caught or tranquillised with a blowdart
containing tiletamine and zolazepam (3 mg/kg
Zoletil; Virbac, Peakhurst, New South Wales,
Australia). Two wombats were moribund and
died soon after capture and the remaining eight
were euthanased with pentobarbitone injected
into the abdomen (325 mg/kg Lethabarb; Vir-
bac). Blood was collected by cardiac puncture
after euthanasia for hematology and serum bio-
chemistry, and clotted blood was collected for
serum biochemistry from wombats that died
soon after capture. It is possible that some of
these wombats were dehydrated when blood
was collected and their hydration status affect-
ed hematological and biochemical values. The
weight of the wombat and the length from the
upper lip to the end of the tail were measured.
The sex, maturity and body condition based on
subcutaneous fat deposits, muscle mass, and
the prominence of bones were recorded. Both
lateral aspects of the wombat were photo-
graphed and the degree of crusting and alo-
pecia and whether fissuring occurred were vi-
sually assessed at 35 sites including the regions
around each site on the skin (Fig. 1). The de-
gree of scale crust thickness and alopecia at a
site were assigned to one of four categories.
For scale crust thickness these were no scale,
some thin scale, thin crust (1–5 mm thick), and

thick crust (.5 mm thick). For degree of alo-
pecia these were no hair loss, slight hair loss,
moderate hair loss, and severe hair loss.

The skin was removed and a 7 mm diameter
skin biopsy punch attached to a drill was used
to take cores of skin from 35 sites. The biopsies
were macerated in 10% potassium hydroxide in
test tubes placed in boiling water until the skin
had dissolved. To determine the number of
each life cycle stage of S. scabiei var wombati
the solution was made up to 10 ml with water
and an aliquot of between 1–5 ml, depending
on the density of mites and the solution’s opac-
ity, was examined under a stereomicroscope. If
the density of mites was very high, then a 1 ml
aliquot was added to 9 ml of water and an ali-
quot of between 1–5 ml of this solution was
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taken depending on the density of mites. Life
cycle stages of S. scabiei var wombati were
identified according to Fain (1968). Males, lar-
vae, eggs, and egg shells could be easily iden-
tified based on their morphology. Females were
differentiated from other life cycle stages based
on their larger size (length .350 mm), mea-
sured with an eyepiece graticule in a stereo-
microscope, and occasionally on the presence
of an egg in utero. Tritonymphs could not be
differentiated from protonymphs under the ste-
reomicroscope and all were simply classed as
nymphs. The distribution of life cycle stages in
10 ml of potassium hydroxide solution was as-
sessed for normality by dividing the solution
into ten 1 ml aliquots. A one-sample Kolmo-
gorov-Smirnov exact test was performed with
the null hypothesis being that the differences
between the observed frequencies and the
mean were normally distributed (Sokal and
Rohlf, 1997). The distribution of mites in a re-
gion of skin with similar clinical signs was as-
sessed for normality by taking five biopsies. A
one-sample Kolmogorov-Smirnov exact test
was again performed with the null hypothesis
being that the differences between the ob-
served frequencies and the mean were nor-
mally distributed (Sokal and Rohlf, 1997). Dif-
ferences between sites were assessed for sig-
nificance using a randomized block design with
the blocking variable being wombats and the
treatment variable being sites (Sokal and Rohlf,
1997). Biopsies were fixed in Bouins fixative
from 20 of the above 35 sites to measure the
thickness of crust and skin. Sites were com-
pared for significant differences using Wilcox-
on’s matched-pairs signed-ranks test (Sokal and
Rohlf, 1997). Correlations between clinical
signs and mite numbers were performed using
either Spearman’s coefficient of rank correla-
tion or Pearson’s coefficient of product moment
correlation (Sokal and Rohlf, 1997).

Wombats were necropsied and samples of
liver, lung, kidney, myocardium, brain, adrenal
gland, thyroid gland, prescapular lymph node,
mesenteric lymph node, spleen, stomach, du-
odenum, jejunum, ileum, colon, uterus, and go-
nads were fixed in 10% formalin and processed
for histological examination. Culturing and
identification of bacteria were attempted from
internal tissues suspected of being infected
with bacteria. The colonic contents were ex-
amined for nematodes and ticks were removed
from skin for identification. The proportion of
white pulp in histological sections of spleens of
wombats with sarcoptic mange were measured
using a Sigma Scan Scientific Measurement
System 1.10 (Jandel Scientific, Corte Madera,
California, USA) and compared with propor-
tions from three normal wombats using the

Student’s two sample t-test two tailed, assuming
equal variances (Sokal and Rohlf, 1997).

Hematological parameters were measured
using a Coulter Counter, Model S-Plus 4, im-
pedance hematology analyser, calibrated with
human blood (Coulter Electronics, Hialeah,
Florida, USA), and by examination with a com-
pound microscope of a blood smear stained by
the May-Gruenwald-Giemsa method (Strumia,
1963). Electrolyte concentrations were deter-
mined by the ion-specific potentiometry meth-
od (Baker and Silverton, 1985) using a Vet Lyte
electrolyte analyser (Idexx Laboratories, Zet-
land, New South Wales, Australia). Calcium,
phosphate, urea nitrogen, creatinine, glutamate
dehydrogenase, alkaline phosphatase, aspartate
aminotransferase and creatine kinase concen-
trations were determined colorimetrically with
a Cobas Mira spectrophotometer (Roche Di-
agnostics, Branchburg, New Jersey, USA) using
reagents and methods from Trace Scientific
(Baulkham Hills, New South Wales, Australia),
and albumin and total protein concentrations
were determined colorimetrically using meth-
ods and reagents from Randox Laboratories
(Crumlin, Antrim County, United Kingdom).
Values from five captive wombats collected
from Glenburn (378269S, 1458259E) (Victoria,
Australia) and held in captivity for 2 mo and
those reported by Presidente (1982) for captive
wombats from Boolarra (388239S, 1468179E)
(Victoria, Australia) were used as a comparison.
Differences were assessed for significance us-
ing the Student’s two sample t-test two tailed,
assuming either equal or unequal variances
(Sokal and Rohlf, 1997). Electrophoretograms
were carried out on Gelman super sepraphore
mylar supported cellulose acetate strips in a
Gelman semi-micro electrophoresis chamber.
The strips were stained with Ponceau S and
scanned with a Gelman ACD-18 densitometer
(Gelman Sciences, Ann Arbor, Michigan,
USA). All statistical calculations were per-
formed by hand calculator or SPSSt for Win-
dows 8.0 (SPSS Inc., Chicago, Illinois, USA).
Differences were regarded as significant when
P # 0.05.

RESULTS

Subcutaneous fat was not seen in any of
the wombats and all were in poor body
condition. The ranges and means 6 stan-
dard errors of the weights and lengths
were 10–28 (21 6 2) kg and 76–114 (100
6 3) cm, respectively. All wombats had at
least 30% of the skin surface affected with
severe hyperkeratotic sarcoptic mange.

There was no evidence that life-cycle
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TABLE 1. Mean numbers of Sarcoptes scabiei per square centimetre at 35 sites on 10 wombats with severe
hyperkeratotic sarcoptic mange from Victoria, Australia. (See Fig. 1 for position of site on body)

Site Males Females Nymphs Larvae Unknown Total Eggs Egg shells

1
2
3a

4
5
6a

7
8
9

10

10
270

60
100

50
90
40
40
80

180

50
350
500
320
180
240
80
20

520
440

80
400
370
370
400
430
80

100
470
540

130
2,950
1,380
1,090
1,460
1,110

70
100

2,180
1,490

10
350
580
230

50
170

30
0

260
80

280
4,320
2,890
2,110
2,140
2,040

300
260

3,510
2,730

30
1,640

850
1,020

510
630
170
120

1,560
1,020

60
7,120
5,060
1,970
3,200
1,420

30
20

10,550
6,560

11
12
13
14
15
16
17
18
19
20

140
50

100
180
110

10
10
70

150
10

270
80

220
500
400
20
70

150
230
170

210
230
340
460
980
90

100
310
420
380

1,250
260

1,350
1,670
2,960

110
110
320

1,570
710

130
40

120
290
110

20
10
90

270
170

2,000
650

2,130
3,100
4,560

230
300
930

2,630
1,440

840
90

530
910
810

0
100
220
550
630

4,330
200

4,260
6,680
6,170

10
70

170
1,990
4,880

21
22
23
24
25
26
27
28
29
30

0
120
140

50
30
10

230
90

0
0

10
290
200
40
40
10

160
160
40
10

80
270
420
340
160
150
490
390
110
10

170
1,330
3,310

390
130
100

1,160
810
210
20

20
80

740
70
30
10

150
110

20
30

280
2,080
4,810

890
390
280

2,190
1,570

390
60

10
540
340

60
30
10

300
320

60
0

0
2,890
2,060

40
20

0
1,710
1,140

140
0

31
32
33
34
35

50
90
80
20
10

40
120
240
10
20

140
390
300
60
60

170
610
970
100
90

10
120
120

10
10

410
1,340
1710
200
180

70
320
460

10
30

160
720

2,410
0

10
Mean 80 180 290 910 130 1,580 440 2,170

a Mean numbers for sites 3 and 6 represent the number of mites from both the inner and outer surfaces of the pinna.

stages were not normally distributed in the
potassium hydroxide solution (P exact two-
tailed 5 0.826). There was no evidence
that mites were not distributed normally
in a region of skin with similar clinical
signs (P exact two-tailed 5 0.949). When
considering the mean or median number
of each life cycle stage of S. scabiei for the
10 wombats, larvae were the most preva-
lent life-cycle stage followed by eggs,
nymphs, females, and males (Table 1). The
anterolateral part of the body was most
heavily parasitized followed by the pos-
terolateral, the dorsal region between the

ears, the ears, ventral abdomen, medial as-
pect of the legs, axillary and inguinal areas,
and the dorsal midline (Fig. 1, Table 1).
More than 1,000 mites per cm2 were
found at all sites on the lateral sides of the
body except those near the rump which
had fewer than 400 mites per cm2. The
ears had 1,000 mites per cm2 on each side
of the pinna. Sites along the dorsal midline
varied greatly in intensity of infection. The
site between the ears was heavily infected
(2,140 per cm2) whereas the site on the
rump was the least infected site on the
body (60 mites per cm2). Mite numbers
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TABLE 2. Percentage of wombats (n 5 10) from Victoria, Australia that had a certain qualitative category of
crust thickness and alopecia and that had fissuring of crust and skin at 35 sites on the body (See Fig. 1 for
position of site).

Percentage of wombats

Categories of crust thicknessa

A B C D

Categories of alopeciab

A B C D Fissuring
Site increasing thickness → increasing hair loss → present

1
2
3
4
5
6
7
8
9

10

40
0
0

10
0

10
70
60

0
0

10
20
20
10
10
10
30
40
10
0

50
40
40
30
60
40
0
0

50
60

0
40
40
50
30
40
0
0

40
40

90
10
20
10
30
10
70
60
10
10

10
40
10
20
30
20
30
40
20
10

0
10
30

0
20
10

0
0

10
20

0
40
40
70
20
60

0
0

60
60

0
20
20
10

0
0
0
0

40
50

11
12
13
14
15
16
17
18
19
20

0
10

0
0
0

70
70
30
10

0

0
10
0
0

10
30
30
40
10
10

30
40
30
50
50
0
0

20
60
60

70
40
70
50
40
0
0

10
20
30

10
10
10
10
10
60
60
30
10
10

0
20
10
10
10
40
40
10

0
10

20
30
10
20
40

0
0

60
40
20

70
40
70
60
40

0
0
0

50
60

50
10
50
50
60

0
0

20
50
50

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

40
0

10
30
80
80
10
10
30
30
30
10

0
70
70

30
10
20
40
20
20
0
0

20
50
30
0

10
30
30

30
60
50
30
0
0

60
50
40
20
40
50
60
0
0

0
30
20
0
0
0

30
40
10
0
0

40
30
0
0

40
20
10
30
60
60
10
10
60
70
60
20
10
60
40

20
0

10
20
40
40
20
10
10
20
10

0
20
40
60

30
10
20
40

0
0

30
30
10

0
0

50
40

0
0

10
70
60
10

0
0

40
50
20
10
30
30
30

0
0

0
60
40

0
0
0

40
40
20

0
10
40
30

0
0

a A 5 no crust, B 5 some thin scale, C 5 thin to moderate (1–5 mm) crust, D 5 moderate to thick (.5 mm) crust.
b A 5 no alopecia, B 5 slight hair loss, C 5 moderate hair loss, D 5 severe to complete hair loss.

were just below 1,000 per cm2 on the ven-
tral abdomen. Mite numbers were low, be-
low 400 per cm2, on the medial aspect of
legs and in the axillary and inguinal sites.
The site on the dorsal midline between the
ears and those on the ears and lateral sur-
faces, apart from those high on the hind-
limb near the rump, were 5 to 100 times
more heavily infected than sites on ventral
surfaces and the dorsal midline (P , 0.05).

Mite numbers at any site did not differ
significantly from those at the symmetrical
site on the other side of the body (P .
0.05).

Scale crust thickness and severity of al-
opecia were correlated with mite numbers
(Table 2). The r values for qualitative crust
thickness, qualitative alopecia, and quan-
titative crust thickness versus numbers of
mites were 0.69, 0.71 and 0.61, respective-
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ly (P , 0.001). Crust thickness was also
highly correlated with severity of alopecia
(r 5 0.75; P , 0.001) (Table 2). Fissuring
in crust and skin only occurred in approx-
imately one half of the wombats when
scale crust was present (Table 2). There
were no significant differences in scale
crust thickness and degree of alopecia be-
tween sites and their symmetrical sites on
the other side of the body (P . 0.05).
Hence, the amount of scale crust and the
degree of alopecia on each side of the
body were symmetrical. Crust thickness
was not correlated with skin thickness (P
5 0.247).

Three wombats with low albumin con-
centrations had ascites. Two wombats had
focal areas of mixed, but predominantly
mononuclear, inflammatory infiltrate with-
in lungs. The right lung and the extremi-
ties of the left lung of one of these wom-
bats were dark red and firm and oozed
blood when cut. In another wombat a light
growth of gram negative organisms was
obtained from fluid in the pleural cavity,
although few leucocytes and no bacteria
were seen in a smear of the fluid. Mod-
erate multifocal mononuclear inflamma-
tion occurred in myocardium and mild in-
terstitial mixed inflammatory infiltrates
were seen in renal cortex. On gross ex-
amination this wombat had more than 10
ml of pink fluid in its left pleural cavity, a
rough left pleural surface and left thoracic
wall and adhesions between the pleura and
thoracic wall. The mitral valve had irreg-
ular soft red material attached to its caudal
margin. One wombat had abscesses con-
taining gram negative coccoid bacteria in
submandibular lymph nodes and fibrous
lesions with mononuclear inflammation in
the kidney consistent with chronic infarc-
tion. Another wombat had an abscess (5
mm diameter) containing gram negative
cocci in a prescapular lymph node and a
small, multifocal, mixed but predominant-
ly mononuclear, inflammatory infiltrate in
myocardium. One wombat had many small
foci of mononuclear inflammation in the
myocardium. One wombat had a cataract

in the right eye and the mucosa in the first
10 cm of the colon was thickened with gas
and congested. Two wombats had focal en-
dogenous lipid pneumonia at the periph-
ery of lobes.

Seven wombats had vacuolation of he-
patocytes consistent with fatty change of
the liver. Eight wombats had multifocal ar-
eas of inflammation and necrosis of the liv-
er consistent with bacteria entering the
body, possibly from breaks in the integrity
of the skin due to mange, and causing re-
active hepatitis. Testes contained little or
no sperm and ovaries had few or no folli-
cles. One wombat had old corpora lutea.
Prescapular lymph nodes, mesenteric
lymph nodes and spleens from wombats
with mange (n 5 10) were similar to those
from free living wombats without mange
(n 5 3) in terms of the frequency, size and
cellular density of germinal centres and
the density of parafollicular tissue. There
was no significant difference in the pro-
portion of white pulp in histological sec-
tions of spleens of wombats with mange
compared to normal wombats, 12.2% and
11.5%, respectively (P 5 0.845). There ap-
peared to be more nuclear debris in ger-
minal centres of the prescapular lymph
nodes from wombats with mange. The his-
topathological changes present in the skin
were similar to that described by Skerratt
(1998) for wombats with hyperkeratotic
sarcoptic mange. Histopathological lesions
were not seen in the gastrointestinal tract,
brain, spleen, thyroid, reproductive tract,
and gonads of wombats.

The mean corpuscular volume, mean
corpuscular hemoglobin and concentra-
tions of lymphocytes, calcium, creatinine,
total solids, total protein and albumin, de-
termined electrophoretically and by the
bromocresol method, of wombats with
mange were significantly lower and con-
centrations of neutrophils, monocytes,
phosphorus, urea, glutamate dehydroge-
nase, aspartate aminotransferase and cre-
atine kinase were significantly higher than
those of captive wombats without mange
in this study (P , 0.05) (Tables 3, 4). He-
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TABLE 3. Hematological values for healthy captive wombats in this study and that of Presidente (1982),
compared with wombats exhibiting severe hyperkeratotic sarcoptic mange.

Parameter

Captivea

(n 5 5)

Mean 6 SE Range

Captive (Presidente, 1982)b

(n 5 8–12)

Mean 6 SE Range

Sarcoptic mangec

(n 5 8)

Mean 6 SE Range

Hemoglobic (g/dl)
Hematocrit (%)
Erythrocytes (31012/l)
MCVg (fl)
MCHh (pg)
MCHCi (g/dl)
Leucocytes (3109/l)
Bands (3109/l)
Neutrophils (3109/l)
Lymphocytes (3109/l)
Monocytes (3109/l)
Eosinophils (3109/l)
NRCj (/100 leucocytes)
Total solids (g/l)

11.9de 6 0.7
35.2de 6 1.0

5.1d 6 0.3
68.8d 6 2.1
23.2d 6 0.2
33.6d 6 1.2
12.5d 6 0.7
0.0d 6 0.0
4.0d 6 0.5
8.3d 6 0.7
0.0d 6 0.0
0.2d 6 0.1
0.2d 6 0.2
69d 6 2

10.1–14.2
32.0–37.0

4.4–6.0
62.0–73.0
23.0–24.0
32.0–38.0
10.4–14.0

0.0–0.0
3.1–5.5
6.5–10.5
0.0–0.0
0.0–0.5
0.0–1.0
64–76

13.7d 6 0.3 (8)f

38.1d 6 0.9 (8)
5.7d 6 0.2 (8)

66.0de 6 1.0 (12)
22.5d 6 0.5 (12)
34.1d 6 0.5 (12)
12.9d 6 1.2 (12)

—
5.3d 6 0.8 (12)
6.5d 6 0.9 (12)
0.6e 6 0.1 (12)
0.4d 6 0.2 (12)

—
—

11.2–14.6
34.0–42.0

4.4–6.6
62.0–76.0
20.0–25.8
32.3–36.8

7.5–19.9
—

2.4–10.8
1.9–12.8
0.1–1.0
0.0–0.6

—
—

11.5e 6 0.3
34.5e 6 0.9
5.5d 6 0.2

62.9e 6 1.4
20.9e 6 0.5
33.5d 6 0.3
14.0d 6 1.1

0.0d 6 0.0
9.7e 6 1.2
3.8e 6 0.5
0.4e 6 0.1
0.0d 6 0.0
0.5d 6 0.4
61e 6 1

9.8–12.8
29.0–37.0

4.9–6.2
57.0–69.0
18.0–23.0
32.0–34.0
10.3–20.9

0.0–0.2
5.4–16.1
1.5–6.5
0.0–1.3
0.0–0.1
0.0–3.0
55–66

a Four female, one male, three mature and two immature wombats.
b When (n 5 8) eight female, five mature and three immature wombats. When (n 5 12) eight female, four male, seven

mature and five immature wombats.
c Six female, two male, four mature and four immature wombats.
de Means in a row not sharing an identical superscript letter were significantly different from each other (P , 0.05).
f Number of wombats in parentheses.
g MCV 5 mean corpuscular volume.
h MCH 5 mean corpuscular hemoglobin.
i MCHC 5 mean corpuscular hemoglobin concentration.
j NRC 5 nucleated red cell.

matocrit and concentrations of hemoglo-
bin, erythrocytes, mean corpuscular he-
moglobin, leucocytes, band neutrophils,
eosinophils, nucleated erythrocytes, sodi-
um, potassium, chloride, glucose, total bil-
irubin, alkaline phosphatase, gamma glu-
tamyltransferase, and electrophoretically
determined alpha 1 and 2, beta and gam-
ma globulins of wombats with mange were
not significantly different from those of
captive wombats in this study (P . 0.05)
(Tables 3, 4). Corpuscular hemoglobin, he-
matocrit and concentrations of hemoglo-
bin, lymphocytes, calcium, glucose, total
protein and electrophoretically deter-
mined albumin and globulins of wombats
with mange were significantly lower and
concentrations of neutrophils, phosphorus
and aspartate aminotransferase were sig-
nificantly higher than those reported by
Presidente (1982) (P , 0.05) (Tables 3, 4).
Mean corpuscular volume and concentra-
tions of erythrocytes, mean corpuscular

hemoglobin, leucocytes, monocytes, eosin-
ophils, sodium, potassium and chloride
were not significantly different from those
reported by Presidente (1982) (P . 0.05)
(Tables 3, 4).

Seven of eight wombats had some he-
matology values outside the range of val-
ues reported by Presidente (1982). Two
had lower concentrations of hemoglobin,
two had lower hematocrits, three had low-
er mean red blood cell volumes, one had
a lower mean red blood cell hemoglobin
level and one had a lower mean red blood
cell hemoglobin concentration. Two wom-
bats had one to three nucleated red blood
cells per 100 white blood cells. Three
wombats had slight anisocytosis of red
blood cells, three had polychromasia of a
small to moderate number of red blood
cells, one had hypochromasia of red blood
cells and one had stomatocytes.

Six of eight wombats had blood leuco-
cyte concentrations outside the range re-
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TABLE 4. Biochemical values for healthy captive wombats in this study and that of Presidente (1982), compared with wombats exhibiting severe hyperkeratotic
sarcoptic mange.

Parameter

Captivea

(n 5 5)

Mean 6 SE Range

Captive (Presidente, 1982)b

(n 5 5—9)

Mean 6 SE Range

Sarcoptic mangec

(n 5 5–10)

Mean 6 SE Range

Sodium (mmol/l)
Potassium (mmol/l)
Chloride (mmol/l)
Calcium (mmol/l)
Phosphate (mmol/l)
Urea (mmol/l)
Creatinine (mmol/l)
Glucose (mmol/l)
Total Bilirubin (mmol/l)

145d 6 3
5.3d 6 0.3

103d 6 2
2.7d 6 0.1
1.0d 6 0.2
8.6d 6 0.8

0.07d 6 0.00
3.8d 6 0.1
3.6d 6 1.1

141–155
4.7–6.1
98–110
2.5–3.0
0.6–1.4
6.9–11.8

0.06–0.09
3.5–4.1
1.0–7.0

139d 6 2 (9)g

4.5d 6 0.1 (9)
96d 6 3 (9)
2.6d 6 0.1 (9)
1.7e 6 0.2 (9)
5.2e 6 0.7 (9)

—
5.1e 6 0.4 (9)

—

128–154
3.8–5.2
80–112
1.7–3.3
0.8–2.6
3.2–9.5

—
2.6–6.3

—

144d 6 3 (10)
5.7d 6 1.0 (10)
99d 6 2.2 (10)
1.9e 6 0.2 (10)
3.4f 6 0.6 (10)

16.5f 6 1.8 (10)
0.05e 6 0.00 (10)
2.8d 6 1.1 (5)
3.8d 6 0.7 (10)

130–164
2.9–10.4
91–110
1.3–2.9
2.0–8.6
8.4–23.1

0.03–0.07
0.6–6.4
0.0–7.0

Glutamate Dehydrogenase (U/l)
Alkaline Phosphatase (U/l)
g-glutamyltransferase (U/l)
Aspartate Aminotransferase (U/l)
Creatine Kinase (U/l)
Total Protein (g/l) Biureth

Albumin (g/l) Bromocresoli

Electrophoreticj

Total Globulins (g/l)
Alpha 1 (g/l)
Alpha 2 (g/l)
Beta (g/l)
Gamma (g/l)

11d 6 2
227d 6 37
8.4d 6 0.9
34d 6 5
83d 6 23
68d 6 2
32d 6 1
31d 6 0.5

37de 6 2
2.4d 6 0.2
7.7d 6 0.7
23d 6 1
3.4d 6 0.7

7–17
142–320
7.0–11.0
22–47
31–136
62–72
28–35
29–32
30–41
1.7–2.9
6.4–10
21–28
1.7–5.3

—
—
—

55d 6 13 (5)
—

71d 6 2 (9)

29d 6 1 (9)
42d 6 2 (9)

—
—
—
—

—
—
—

19–97
—

58–83

25–47
30–52

—
—
—
—

81e 6 24 (10)
160d 6 21 (10)
7.7d 6 0.5 (10)
188e 6 32 (10)

1,192e 6 271 (10)
59e 6 2 (10)
26e 6 1 (10)
24e 6 1 (10)
34e 6 2 (10)

3.3d 6 0.4 (10)
6.4d 6 0.4 (10)
23d 6 2 (10)
2.3d 6 0.4 (10)

12–263
60–270
6.0–11.0
74–361

280–2,716
50–67
20–33
16–28
26–41
1.9–5.2
5.0–8.1
11–30
0.9–4.4

a Four female, one male, three mature and two immature wombats.
b When (n 5 9) five female and four male wombats. When (n 5 5) three female and two male wombats.
c When (n 5 10) seven female, three male, six mature and four immature wombats. When (n 5 5) three mature female and two mature males.
def Means in a row sharing an identical superscript letter were not significantly different from each other (P . 0.05).
g Number of wombats in parentheses.
h Determined by the biuret method.
i Determined by the bromocresol green method.
j Determined electrophoretically.
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TABLE 5. Number of mangy wombats with or with-
out elevated glutamate dehydrogenase concentra-
tions, reactive hepatitis, and fatty change in the liver.

Elevated
glutamate

dehydrogenase
concentrations

Yes No

Reactive Hepatitis Yes
No

6
2

2
0

Fatty Change Yes
No

5
3

2
0

Reactive Hepatitis and
Fatty Change

Yes
No

3
5

2
0

ported by Presidente (1982). Two wom-
bats, one with pneumonia and another
with abscesses in submandibular lymph
nodes, had a neutrophilia and one also had
a lymphopenia and the other had activated
lymphocytes (increased amounts of baso-
philic intensity of cytoplasm). One wombat
had a monocytosis, increased concentra-
tions of band neutrophils and activated
lymphocytes. This wombat had a small ab-
scess in its axillary lymph node. Two wom-
bats had either activated or very large lym-
phocytes; one of these had pneumonia and
the other had endogenous lipid pneumo-
nia and some renal tubular necrosis. One
wombat had slight basophilic granulation
of the cytoplasm of neutrophils indicating
‘‘toxic’’ change. This wombat had bacterial
infection of the pleural cavity and inflam-
mation of myocardium and kidneys. Three
of six wombats with abnormal blood leu-
cocyte values had bacterial infections in in-
ternal organs and all six had inflammation
in organs other than skin. The two wom-
bats with normal blood leucocyte values
had no visible lesions other than sarcoptic
mange.

All 10 wombats had some biochemical
values outside the ranges reported by
Presidente (1982) (Table 5). One wombat
had an elevated sodium concentration,
four wombats had higher potassium con-
centrations, four wombats had lower po-
tassium concentrations, three wombats
had lower calcium concentrations, four

wombats had higher phosphate concentra-
tions, nine wombats had higher concentra-
tions of urea, two wombats had lower con-
centrations of glucose, one wombat had a
higher concentration of glucose, eight
wombats had higher concentrations of glu-
tamate dehydrogenase, eight wombats had
higher concentrations of aspartate amino-
transferase, five wombats had lower con-
centrations of total protein, and three
wombats had lower concentrations of al-
bumin. On electrophoresis five and three
of ten wombats had lower concentrations
of albumin and globulins, respectively,
than the reference intervals reported by
Presidente (1982). Presidente (1982) did
not measure concentrations of glutamate
dehydrogenase, alkaline phosphatase, and
creatine kinase.

Seven of the 10 wombats had between
1 to 20 ticks attached to ventral areas with-
out severe mange. These were the com-
mon wombat tick (Aponomma aurugi-
nans), Ixodes tasmani, and Ixodes cornu-
atus. Strongyloides spearei was seen in his-
tological sections of the duodenum and
jejunum of six wombats. Eimeria arundeli
was seen in histological sections of the je-
junum and ileum from five wombats. Cil-
iates were seen in histological sections of
the colon from eight wombats. Seven of
the 10 wombats had strongylid nematodes
in their colon. A minimal to moderate
mixed inflammatory infiltrate was present
in the small intestines and colons of wom-
bats. No parasites were seen in stomachs
nor was there evidence of infection with
Fasciola hepatica in livers.

DISCUSSION

Wombats with severe sarcoptic mange
which were found grazing during the day
were used in this study. Wombats are gen-
erally nocturnal hence our selection of
mange affected wombats was biased. De-
spite this biased selection of wombats,
they provided valuable information.

The ratio of female to male S. scabiei
var wombati (2:1) suggests that males may
mate with several females or that females
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live longer than males. Heilesen (1946)
found that S. scabiei males seek females
and Arlian et al. (1984, 1989) found that
females survive longer than males off the
host. The ratio of larvae and eggs to fe-
males (11:6:2) is lower than expected since
S. scabiei var hominis females lay 2 to 4
eggs per day and S. scabiei var canis larvae
and eggs last for 3 to 4 and 2 to 3 days,
respectively (Neste and Lachapelle, 1981;
Arlian et al., 1988b). The ratio of nymphs
to females (3:2) is much lower than ex-
pected given that nymphs last 5 to 7 days
according to Arlian et al. (1988b). This
suggests that there is either a large mor-
tality of nymphs and moulting larvae or
that nymphs leave the host in search of
new hosts. Alternatively, the nymphs of S.
scabiei var. wombati could have a shorter
life span. Misclassification of nymphs and
females while counting was unlikely to ac-
count for such a large discrepancy be-
tween the expected ratio of nymphs to fe-
males and the ratio reported here, given
the life cycle of the mite.

The consistent difference and symmetry
in the degree of parasitism between sites
on the body suggests that there is site pre-
dilection for the mite, namely the antero-
lateral surfaces of the wombat’s body. Site
predilection has been reported for S. sca-
biei in pigs and humans (Davis and Moon,
1990; Johnson and Mellanby, 1942; Bartley
and Mellanby, 1944). Davis and Moon
(1990) suggest that the faces and ears of
pigs are more readily infected because pigs
explore with their noses. They also suggest
that the face and ears provide a more fa-
vorable environment because the creases
in skin and coarse hair may prevent re-
moval of mites by abrasion. In humans, the
hands and feet are more frequently in-
fected than other parts of the body (John-
son and Mellanby, 1942; Bartley and Mel-
lanby, 1944). Johnson and Mellanby (1942)
stated that the reaction to mites in these
areas was comparatively slight. The factors
affecting S. scabiei site predilection in
wombats were not apparent. Skin thick-
ness was not inversely correlated with par-

asitism although the thickest skin, the
rump, had the lowest intensity. Severe hy-
perkeratotic S. scabiei infection should al-
ways be visible, even from a distance given
that clinical signs of mange, namely thick-
ness of scale crust and severity of alopecia,
were highly correlated with each other and
with the number of S. scabiei. Skerratt
(1998) found that hair follicles were atro-
phic in common wombats with severe hy-
perkeratotic sarcoptic mange suggesting
that the thick scale crust prevents hair re-
growth. A view of one side of a wombat is
sufficient to assess the severity of mange
since clinical signs of severe sarcoptic
mange were symmetrical. These findings
are relevant to the interpretation of obser-
vations made in the field on wild wombats.

In contrast to this study, Skerratt (1998)
did not report bacterial infections in nine
common wombats with severe hyperkera-
totic sarcoptic mange from the shire of
Healesville (Victoria, Australia) in 1992 al-
though one had Pneumocystis carinii in-
fection concurrent with lymphosarcoma. It
is probable that bacterial infections in the
dermis, which occur following fissuring as-
sociated with scale crust, allow bacteria to
infect internal organs. Secondary bacterial
infections have been reported in rabbits
and humans with scabies (Arlian et al.,
1990; Burgess, 1994). While the immune
response in the dermis towards severe S.
scabiei infection in wombats is slight
(Skerratt, 1998), there was no evidence of
lymphoid depletion in lymph nodes or
spleens in the wombats reported here.
Lymphoid depletion has been reported in
marsupials, seasonally in rainforest pos-
sums (Speare et al., 1984), following
breeding in male antechinus (Barker et al.,
1978) and in possums, in poor condition,
held in captivity (Presidente and Correa,
1981). The greater quantity of nuclear de-
bris in the prescapular lymph nodes is
probably a consequence of the local im-
mune response to severe S. scabiei infec-
tion.

Several pathological changes suggest
that wombats were using their energy
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stores to meet the imbalance between the
energy requirements associated with se-
vere hyperkeratotic sarcoptic mange and
their nutritional supply. Wombats were in
poor body condition, lacked subcutaneous
fat, had low concentrations of protein, al-
bumin and globulins in blood and had low
concentrations of creatinine indicating a
low muscle mass (Duncan et al., 1994).
The high concentrations of urea in blood
suggest increased protein catabolism and
fatty change in the liver is consistent with
wombats mobilizing their peripheral fat
stores but lacking sufficient protein syn-
thesis to generate lipoprotein (Jubb et al.,
1993). The wombats with severe hyper-
keratotic sarcoptic mange reported by
Skerratt (1998) were generally emaciated.
Similar changes were seen in coyotes and
rabbits with severe hyperkeratotic sarcop-
tic mange, .50% and 10 to 30% of body
affected, respectively, except rabbits had
low blood urea nitrogen and high total se-
rum protein while coyotes had normal to-
tal serum protein concentrations (Pence et
al., 1983; Arlian et al., 1988a). The absence
of these changes in dogs and foxes with
short term advanced sarcoptic mange is at-
tributed to the brief duration of the mange
(Arlian et al., 1995, Little, 1998). The low
concentrations of blood glucose in wom-
bats have also been seen in coyotes but not
in rabbits with severe hyperkeratotic sar-
coptic mange nor dogs and foxes with
short term advanced sarcoptic mange
(Pence et al., 1983; Arlian et al., 1988a,
1995; Little, 1998). Presidente (1982) re-
ported reduced glucose and albumin con-
centrations in a common wombat with se-
vere hyperkeratotic sarcoptic mange.

Arlian et al. (1988a) demonstrated that
severe mange can increase the energy de-
mands of rabbits leading to weight loss but
did not attribute these energy demands to
mite consumption. However, the energy
demands of scale crust production and ex-
udation from fissures in skin must be large.
Wombats are nocturnal but those with se-
vere mange will graze during the day
(Skerratt, 1998) possibly because of energy

demands or for thermoregulatory reasons.
They may also be unable to compete with
healthy wombats for resources at night.
Presidente (1982) and Doube (1982) sug-
gested that wombats with severe sarcoptic
mange may have impaired powers of mas-
tication and may starve. It is possible that
wombats with severe sarcoptic mange eat
less.

Wombats with severe mange are intent
on grazing, take little heed of their sur-
roundings, and therefore can be more
readily approached. Alados et al. (1996)
found that the complexity of exploratory
behaviour was reduced in Spanish ibex
(Capra pyrenaica) with S. scabiei infec-
tion. Vision and hearing may also be re-
duced in wombats with severe sarcoptic
mange (Skerratt, 1998). Gonads of mature
wombats were not active or had minimal
activity suggesting that wombats with se-
vere mange are unlikely to reproduce. It
is unlikely that wombats were collected
only during the non breeding season given
the long duration of the wombat breeding
season and the 10 month period of collec-
tion (McIlroy, 1973).

Wombats with severe sarcoptic mange
had a lower hematocrit, mean corpuscular
volume, mean corpuscular hemoglobin
and concentrations of hemoglobin than
captive wombats. This may have been due
to sarcoptic mange as rabbits and dogs
with severe and short term advanced sar-
coptic mange respectively have developed
anemia, and chronic disease can cause
anemia (Arlian et al., 1988a, 1995; Duncan
et al., 1994). However, the low mean cor-
puscular volume in some wombats sug-
gests that the anemia may have been due
to dietary insufficiency (Duncan et al.,
1994). Arlian et al. (1988a) suggests that
iron deficiency may be involved in some
way. The presence of nucleated and poly-
chromatic erythrocytes in the blood of a
few wombats indicates that a regenerative
response was possibly occurring in bone
marrow (Duncan et al., 1994).

The immune system of wombats with
severe mange was responding to either the
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bacterial infections in internal organs and
skin or the S. scabiei infestation given their
higher concentration of neutrophils and
monocytes, the presence of band neutro-
phils, transformed lymphocytes and neu-
trophils, and the lower concentration of
lymphocytes in the blood compared with
captive wombats (Skerratt, 1998; Duncan
et al., 1994). Endogenous corticosteroid
production and release by adrenals could
also be contributing to these changes in
the blood (Duncan et al., 1994). Similar
leucocyte changes occurred in rabbits and
dogs with severe and short term advanced
sarcoptic mange but not in coyotes with
severe mange (Arlian et al., 1988a, 1995;
Pence et al., 1983). Foxes with short term,
severe hyperkeratotic sarcoptic mange had
a neutrophilia and eosinophilia (Little et
al., 1998). Total globulins were low in
wombats with severe mange although con-
centrations of each type of globulin; alpha
1 and 2, beta and gamma, were normal.
Total globulins were high in rabbits and
normal in coyotes, dogs and foxes with
mange (Arlian et al., 1988a, 1995; Pence
et al., 1983). Although globulin levels re-
mained normal in coyotes, gamma globu-
lins increased with severity of mange and
alpha globulins decreased (Pence et al.,
1983).

The hyperkalemia in some wombats
may have been an artifact due to the delay
between sample collection and measuring
potassium concentrations as prolonged
contact between serum and the blood clot
can lead to mildly elevated potassium con-
centrations (Duncan et al., 1994). The hy-
pokalemia in other wombats may have
been due to anorexia (Duncan et al.,
1994). Potassium concentrations did not
deviate from normal in rabbits, dogs and
foxes with sarcoptic mange (Arlian et al.,
1988a, 1995; Little, 1998). The low calci-
um concentrations were sometimes asso-
ciated with low albumin and protein con-
centrations and were probably partly due
to less protein bound calcium (Duncan et
al., 1994). Similar low calcium concentra-
tions were reported in rabbits and coyotes

with severe sarcoptic mange but not in
dogs or foxes with short term advanced
sarcoptic mange (Pence et al., 1983; Arlian
et al., 1988a, 1995; Little, 1998). Hypocal-
cemia was also often associated with hy-
perphosphatemia and may be partially due
to hypoparathyroidism (Duncan et al.,
1994). The higher concentrations of glu-
tamate dehydrogenase were probably not
due to the reactive hepatitis or fatty
change seen in livers since the relative risk
of elevated concentrations due to reactive
hepatitis and fatty change or both were
0.75, 0.71, and 0.60, respectively (Table 5).
Elevated concentrations of liver enzymes
suggestive of liver damage occurred in rab-
bits with severe hyperkeratotic sarcoptic
mange but not in dogs or foxes with short
term advanced sarcoptic mange (Arlian et
al., 1988a, 1995; Little, 1998). Arlian et al.
(1990) found that rabbits with severe hy-
perkeratotic sarcoptic mange had amyloid-
osis, hepatocellular swelling and necrosis,
and cholangitis of livers. Elevated lactate
dehydrogenase concentrations in coyotes
were attributed to skin and not liver dam-
age (Pence et al., 1983). The high concen-
trations of aspartate aminotransferase in
the blood of wombats may have been due
to liver damage but also may have been
associated with muscle damage indicated
by the high creatine kinase concentrations
(Duncan et al., 1994). Since healthy wom-
bats which were captured and restrained
had high concentrations of aspartate ami-
notransferase and creatine kinase (L. Sker-
ratt, unpubl. obser.), the muscle damage
may have been due to the capture, re-
straint and transport of wombats. Eryth-
rocyte, mean corpuscular hemoglobin, so-
dium and alkaline phosphatase concentra-
tions were similar in wombats whether or
not they had sarcoptic mange, as is the
case in rabbits, dogs and foxes (Arlian et
al., 1988a, 1995; Little, 1998). Wombats
with severe hyperkeratotic sarcoptic
mange, reported by Skerratt (1998), had
similar internal and external parasites to
those reported here, although prevalences
and intensities of infection differed. Sker-
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ratt (1998) found that the number of spe-
cies of internal parasites and intensity of
infection did not differ between wombats
with severe sarcoptic mange and healthy
wombats. However, he did find that wom-
bats with mange had fewer species of ec-
toparasites than healthy wombats. In sum-
mary, S. scabiei are more abundant in an-
terolateral areas of the wombat’s skin, are
highly correlated with thickness of scale
crust and degree of alopecia, cause ema-
ciation when numerous and predispose
wombats to bacterial infection.
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