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PHASCOLARCTOS CINEREUS (GOLDFUSS), IN VICTORIA, AUSTRALIA

David L Obendort’

Department of Veterinary Paraclinical Sciences, University of Melbourne, Veterinary Clinical Centre,
Princes Highway, Victoria 3030, Australia

ABSTRACT: Between 1975 and 1980, necropsy investigations Were conducted on 44 wild koalas (24 males,

20 females) from several localities in Victoria, Australia. An additional 11 (5 males, 6 females) were presented

for clinical appraisal and treatment. Traumatic injuries resulting from motor vehicle accidents and intra-

specific conflict were the commonest reason for submission (19 of 55; 35%). Keratoconjunctivitis (8 of 55;

15%), ascending urinary tract infections (6 of 20 females; 30%), ascending genital tract inflammation (10 of

20 females; 50%) and sarcoptic mange (2 of 55; 4%) were recognized as specific diseases or disease syndromes.

A peracute syndrome characterized by lassitude, depression, anorexia and coma was identified in moribund

koalas submitted from the wild and also in hospitalized animals. The condition, termed koala stress syndrome,

was thought to be initiated by intercurrent disease or trauma, long term hospitalization and frequent ma-

nipulation and treatments. Hematological observations in 54 apparently healthy wild koalas from five dif-

ferent populations and on 17 sick or injured animals are also presented. Certain blood parameters are

discussed in relation to the health status of the populations or individuals. Areas for further research into
koala diseases are also discussed.

INTRODUCTION

During the past 20 yr koalas have been the

subject of considerable scientific investiga-

tion-in particular their physiology, nutrition

and the management of captive and wild pop-

ulations (Bergin, 1978). Many studies were ini-

tiated out of concern for the continued survival

of this highly specialized marsupial.

The significance of disease was given prom-

inence by Mackenzie (1919) and Pratt (1934).

Pratt (1934) referred to ophthalmia and con-

junctivitis, nephnitis and cystitis, pulmonar�

disorders and cystic reproductive organs in fe-

males as common and serious diseases of koalas

in Queensland. Both authors considered the high

prevalence of reproductive disease as a poten-

tial threat to the species.

Backhouse and Bolligen (1961) reported

cryptococcosis, cystic reproductive tract disor-

ders and several forms of bacterial pneumonia

in koalas from the Sydney area. Dickens (1975,

1978) later reviewed known koala diseases from

the viewpoint of the practicing veterinary cli-

nician. Other reviews by Anundel et al. (1977),

Bengin (1978) and McKenzie (1981) have also

emphasized disease as important causes of mor-

tality in both captive and wild koalas.

Pneumonic conditions attributed to infec-

tions with Bordetella bronchiseptica (Mc-

Kenzie et al., 1979), Cryptococcus neoformans

(Bolliger and Finckh, 1962), Corynebacteriuni

equi (Francis, 1963; Rahman, 1957), and Strep-

tobacillus moniliformis (Russell and Straube,

1979) have been reported. McColl and Spratt

(1982) have recorded a metastrongyhid nema-

tode, Marsupostrongylus sp. in the lungs of ko-

alas from Mt. Macedon, Victoria.

Cutaneous mycobacteniosis, due to Mycobac-

terium ulcerans, has been found in wild koalas

from the West Gippsland (Bairnsdale) district

of Victoria (Mitchell and Johnson, 1981). The

condition appears to be restricted to this area,

occurring also in domestic animals and man.

This paper attempts to add to this growing

knowledge. Some of the common causes of

morbidity and mortality of koalas in Victoria

based on submissions to the Veterinary Clinical

Centre, Wernibee are reported in this paper. In

so doing, the need for future research is em-

phasized.

Animals

MATERIALS AND METHODS

Received for publication 9 September 1982.

‘Present address: Mt. Pleasant Laboratories, Tas-
manian Department of Agriculture, P.O. Box 46,

Launceston South, Tasmania 7250, Australia.

From 1975 to 1980, 55 injured, disabled, sick or

dead koalas were received at the Veterinary Clinical

Centre (VCC), Werribee from numerous Victorian

localities. They were principally submitted by offi-

cers of the Victorian Division of Fisheries and Wild-
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OBENDORF-MORTALITY AND MORBIDITY IN KOALAS 125

life, Ministry for Conservation. Some animals were
received from members of the public and some were
found by the author.

At presentation live animals were examined; in

cases with a poor prognosis the animals were killed

and examined at necropsy. Animals with significant
treatable conditions were maintained in the small
animal hospital at the VCC, some for up to 2 wk.

Koalas requiring occasional observation and/or less

frequent medical treatment were held in external
enclosures at “Serendip’ Wildlife Research Station,

Lara, the Ocean Grove Nature Reserve or the Bar-
won Heads Wildlife Shelter. Several animals with

minor injurieswere treated and released directly back

into suitable wild habitats.

Necropsy examinations

Forty-four koalas from 11 locations were exam-
ined by routine necropsy procedures. The origin and
number of animals from each locality are as follows:

Brisbane Ranges National Park (8), French Island
(2), Geelong area (7), Mt. Eliza (1), Mt. Macedon (3),
Narbethong (1), Phillip Island (12), Swan Hill (2),

You Yangs Forest Park (5),Walkerville (2) and Won-
thaggi (1).

Tissues were fixed in 10% formol-saline for histo-

pathological examination. Sterile swab and pipette

samples from the conjunctival sac, urinary bladder,

female genital tract and from other tissues and or-

gans which appeared grossly abnormal were cul-

tured by routine aerobic bacteriological methods.

Scrapings of abnormal skin were examined micro-

scopically as wet preparations mounted in mineral

oil or 10% potassium hydroxide. Urine samples were

tested for blood, ketone bodies, reducing substances

and glucose; pH and specific gravity were also mea-

sured. Centrifuged urinary sediments were exam-
ined.

Hematology and serology

Blood samples from 17 koalas presented at the VCC

as well as 54 samples taken from wild, apparently
healthy koalas from five different areas were exam-

ined. Hemoglobin, packed cell volume (PCV), red
cell count (RCC), total white cell count (TWCC),

differential white cell count (DWCC) and nucleated
red blood cell count (NRBCC) were calculated for
each sample. Results were analyzed by averaging the
parameters within the same sex and population. Blood
urea nitrogen (BUN) levels were also measured on
some samples.

Serum samples were tested for chlamydial anti-
bodies with complement fixation tests using a chla-
mydial antigen derived from cases of sporadic bo-

vine encephalomyelitis (SBE). These tests were

performed at the Veterinary Research Institute, Vic-

torian Department of Agriculture, Melbourne.

RESULTS

Blood samples from 54 wild koalas from five

different localities were collected. The hema-

tological parameters for each population are

displayed in Table 1. Variations from the “nor-

TABLE 2. Prevalence of the major diseases encoun-

tered in koalas from Victoria, Australia.

Male Female Total

Number of koalas examined 29 26 55

Traumatic injuries

Motor vehicle accidents 7 5 12

Gunshot 1 1 2

Intraspecific fighting and wounds 3 2 5

Koala stress syndrome 9 4 13
Genital tract pathology 0 10 10

Urinary tract infection 0 6 6

Keratoconjunctivitis 4 4 8

Sarcoptic mange 1 1 2

mal” were noted in some parameters of animals

from two populations (Walkerville and Phillip

Island). Mild anemia with high eosinophil counts

was encountered in animals from Walkenville.

TWCC of koalas from Phillip Island were low-

er than those in other populations with evi-

dence of a relative neutrophilia.

Of the 55 koalas submitted, 26 were dead,

29 were presented alive, of which 18 were killed

and 11 successfully treated and returned to their

original habitat. Euthanasia was carried out only

after clinical examination had indicated a poor

prognosis for recovery. The major diseases en-

countered in these koalas are summarized in

Table 2.

Traumatic injuries

The most common presentation was trau-

matic injury (19) resulting from road accidents

(12 of 19), although some injuries may have

resulted from fighting (5 to 19). Tracking cel-

lulitis,fistulated discharging abscesses and deep

suppurative wounds which were subject to sec-

ondary cutaneous myiasis (fly strike), were seen.

Lacerations to the eyelids, face, neck and shoul-

ders were thought to be associated with fight-

ing. Gun shot wounds were also evident in two

koalas.

Although certain wounds and injuries were

treated medically and surgically, six koalas died

during hospitalization or convalescence. The

majority of these deaths were not attributable

to the severity of the injury. They were thought

to be related to stress factors which existed im-

mediately prior to and during hospitalization

and treatment. Prolonged period between in-

jury and presentation was thought to reduce the

prospect for successful recovery.
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FIGURE 1. Relationship betWeen percent neutrophils and percent lymphocytes and monocytes for koalas

from five localities in Victoria. Symbols are as follows: open stars within solid circles = wild-caught males
(n = 23); solid circles = wild-caught females (n = 31); open stars = sick or injured males (n = 8); open cir-

cles = sick or injured females (n = 9).

Hematology was carried out in 17 sick and

injured koalas. Those with suppunative lesions

such as subcutaneous abscesses, suppurative ar-

thritis and cellulitis conditions had high WCC

(>15.0 X 10�/liter) and a relative neutrophilia.

Seven male and five female koalas which had

sustained motor vehicle trauma as well as those

with chronic disabilities such as osteoarthritis

and chronic kenatoconjunctivitis had low WCC

(males 2.6-7.4 X 10�/liten, average 5.1 X 109/li-

ten; females 2.7-7.1 X 10�/liten, average 5.7 X

10�/liten) again characterized by a relative neu-

tnophilia (Fig. 1).

The abnormalities in certain hematological

and blood chemistry’ parameters were sugges-

tive of marked alterations in homeostasis and

metabolic function. Such animals exhibited

similar clinical and pathological features as those

with so-called koala stress syndrome. This con-

dition will be discussed subsequently.

Koala stress syndrome

Wild koalas appear to be highly susceptible

to a syndrome characterized by lassitude,

depression, anorexia and a precipitous decline

in metabolic function. The etiology of this con-

dition is unknown. Males were predominately

affected in this study. They were found wan-

dering aimlessly or prostrate and comatose, with

no evidence of trauma on overt illness. Some
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OBENDORF-MORTALITY AND MORBIDITY IN KOALAS 127

affected animals were found at the base of trees

reluctant to climb on eat. A similar syndrome

was noted in animals which had undergone

prolonged hospitalization and treatment. Clin-

ically the animals were unusually docile and

easy to handle, with hypothermia (<33 C), bra-

dycardia (<30/mm) and anorexia. With hos-

pitalization, these koalas showed initial im-

provement especially after elevation of their

cone temperature. Some animals began to drink

water, but showed no interest in eating, and

there was progressive weight loss, and eventual

death.

In five cases (4 males, 1 female) hematolog-

ical parameters indicated hemoconcentration

(Hb 16.6-17.9 g/100 ml, PCV 48-55%) and

leucopenia (WCC 2.6-6.1 X 10�/liter) charac-

terized by a lymphopenia and relative neutno-

philia. Hypoglycemia (blood glucose <20 mg

%) and an elevated BUN (>60 mg %) were also

noted in three cases.

Necropsy findings confirmed the state of de-

hydration and loss of muscle bulk. Histopath-

ology findings included atrophy of lymphoid

follicles in the spleen and lymph nodes, and a

depletion in the size and number of adrenal

cortical cells. Acute tubular nephnosis was also

a common histological finding in these koalas.

Female genital tract pathology

Inflammatory lesions were noted in the re-

productive tracts of 10 of 20 female koalas from

several Victorian localities. The pathology is de-

scribed and discussed in greater detail else-

where (Obendorf, 1981). Vaginitis, pyometritis

and endometnitis were the most commonly en-

countered lesions. Cystic dilation of the ovarian

bursa, occasionally in association with hydro-

salpinx, was recorded in six koalas with con-

current inflammatory changes in the lower gen-

ital tract. The cystic lesions were considered to

have developed as chronic sequelae of previous

inflammatory processes in the ovarian bursa.

There were no pathological changes in ovaries

of these 10 affected cases.

Urinary tract infections

Ascending urinary tract infections were en-

tirely restricted to female koalas, the majority

of them being young. Clinically they showed

increased frequency of urination with dribbling

and continual wetting of the fur around the tail

and rump. The condition is colloquially re-

ferred to as “wet-tail” or “dirty-tail.” Affected

koalas were usually bright and showed interest

in eating. However, unlike their healthy coun-

terparts, these animals drank large quantities of

water. Chronically affected animals were un-

derweight with dry coarse coats. Cutaneous

myiasis (fly-strike) to the perineum and hind-

quarters was also seen.

Urine contained red blood cells, pol�’mor-

phonuclear inflammatory cells, bacteria, des-

quamated transitional epithelial cells and oc-

casionally renal tubular casts. Anemia (Hb 7.1-

10.6 g/dl, PCV 21-33%) and hypoprotemnemia

(total protein 2.2-3.2 g/100 ml) were consistent

findings. Elevated BUN levels were present in

some cases, but generally did not appear to be

a feature of the disease.

A wide variety of bacteria including coagu-

lase-positive Staphylococcus sp., haemolytic

Streptococcus sp., Escherichia coli, Proteus sp.

and diptheroids as well as yeasts were isolated

from cultures of urine and swabs from the uri-

nary bladder and renal pelvis.

Macroscopically, the urinary bladder and

urethra were always affected. They showed

mucosal ulcerations and hemorrhage both into

the lumens and within the mucosae, as well as

edematous thickened walls. Several koalas had

one or both uneters thickened due to similar

inflammatory changes. These also had pyelo-

nephnitis and renal interstitial fibrosis. Small,

firm kidneys were seen in two koalas with

chronic generalized renal fibrosis.

Inflammatory changes in tissue sections were

both chronic and progressive. The urethra,

bladder and ureters showed epithelial erosions,

deep mucosal ulcerations, plasma cell infiltrates

with lymphocyte aggregations in the submu-

cosa, and the formation of proteinaceous pseu-

domembranes. Renal histology ranged from tu-

bular degeneration and proteinaceous cast

formation to focal and generalized pyelone-

phnitis with interstitial infiltrates of plasma cells

and lymphocytes. In several chronic cases,

dronephrosis, glomerular tuft atrophy and ex-

tensive renal fibrosis incorporating small focal

aggregates of lymphocytes were seen.

Keratoconjunctivitis

Eight of 55 (15%) koalas examined in this

study had conjunctival and ocular lesions con-

sistent with chlamydial kenatoconjunctivitis

(Cockram and Jackson, 1974). Bilateral lesions
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were more commonly encountered. Five cases

had mucopurulent ocular discharges which en-

crusted and at times caused eyelid closure. Two

of these koalas had red and edematous conjunc-

tivae, while three others showed villous prolif-

eration of the palpebral conjunctivae with che-

mosis completely obscuring the eye. An

additional three cases had corneal scanning, pig-

mentation and superficial vasculanization. In one

of these cases an anterior synechia was present

and was thought to be a sequel of corneal ul-

ceration. Secondary trauma to the eyelids as a

result of scratching and rubbing, with super-

imposed bacterial infections, was commonly

encountered in affected koalas.

The acute cases were seen in the late summer

and autumn. Two young koalas with acute con-

junctivitis were successfully treated with topical

oxytetracyclmne ointment. Frequent treatments

for up to 3 wk were necessary to bring about

remissions. Koalas with long standing kerato-

conjunctivitis were refractory to such treat-

ment.

In cases presenting with chemotic prolifera-

tive conjunctivae, the histological appearance

was characterized by villous hyperplasia with

plasma cell and polymorphonuclean cell infil-

trates into the subepithelial tissues. Polymor-

phonuclear cell accumulations within the con-

junctival sac were common in cases with

secondary bacterial infection. Early conneal

changes consisted of opacity due to edema and

mild episcleral congestion. Chronic corneal

changes were ulceration, vasculanization, fibro-

sis and pigmentation.

Four koalas with eye lesions thought to be

typical of chlamydial keratoconjunctivitis had

antibodies to the SBE complement fixation test

ranging from 1:128 to 1:4,096 while 11 koalas

with no obvious eye abnormalities had titers

ranging from 1:16 to 1:512 (average titer 1:172).

Sarcoptic mange

The mange mite, Sarcoptes scabiel, was re-

covered in large numbers from skin scrapings

of two juvenile koalas from Phillip Island. Both

animals had grossly thickened dry encrusted le-

sions on the foot-pads, face, nose and lips.

Cracking and moist exudation was evident along

the skin folds of the paws and digits. The fore-

limbs, chest, face and abdomen also contained

numerous scab-like lesions. Alopecia was not a

feature of the condition. Severe prunitis was ev-

ident causing the animals to lick and bite their

paws.

DISCUSSION

The results of this study indicate that motor

vehicle accidents represent a significant cause

of mortality among koalas in certain sanctuaries

in Victoria (e.g., Phillip Is.) and national parks

(e.g., Brisbane Ranges National Park). In all

these wildlife sanctuaries speed restrictions and

wildlife warning and crossing signs need to be

erected and stringently policed.

Intraspecific trauma may result from hier-

archy conflicts and aggressive interactions, es-

pecially during the breeding season. Biting to

the head, neck and shoulders are recognized

fighting behavior of koalas (Smith, 1980). Lac-

erations and scratches to the face, eyes, and

limbs are possibly due to clawing and trauma

resulting from falling while climbing in trees.

Certain diseases of koalas have been consid-

ered significant causes of morbidity and mor-

tality within specific populations. Individual

sporadic cases of kenatoconjunctivitis appear to

be common, although there are reports of high

prevalence of this disease in certain popula-

tions. Keratoconjunctivitis was thought to be as-

sociated with the decline in koala numbers in

Queensland between 1885 and 1930 (Pratt,

1934). Chlamydial keratoconjunctivitis still rep-

resents a major disease of koalas across their

range (Cocknam and Jackson, 1974, 1976, 1981;

Dickens, 1978; McKenzie, 1981). The mode of

infection is unknown, though flies may act as

mechanical vectors. The impairment of vision

caused by this disease adversely affects the

feeding of koalas and may also predispose to

trauma from motor vehicle accidents. The du-

ration of the disease is unknown, however, the

finding of three koalas with chronic ocular le-

sions may be an indication that partial recov-

eries in the wild may occur.

The etiology of ascending urinary tract in-

fections in female koalas is not known. Dickens

(1978) suggested that the bacteria isolated from

�wet-tail” cases may be of secondary impor-

tance, and this is borne out in this study. He

has suggested that the causative agents may be

Mycoplasma, chlamydiae or viruses. In the cur-

rent study, four of six koalas with “�vet-tail”

from Phillip Island also had ascending genital
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OBENDORF-MORTALITY AND MORBIDITY IN KOALAS 129

tract lesions suggesting that the two conditions

may be associated. Preliminary findings suggest

that chlamydia may be incriminated as the

causative agent of the genital tract lesions

(McColl, pens. comm.). If so, it may be that

chlamydia infections are responsible for the as-

cending lesions in both of these systems. This is

likely since the external openings of the urinary

and genital tract are in close proximity.

At Phillip Island there is a high prevalence

of genital tract pathology. Martin (1981) has

demonstrated a significant reduction in the re-

productive efficiency of this population with a

resultant domination of the population by older

individuals due to lack of juvenile recruitment.

The long-term effects of this tendency on the

survival of this population are considered seri-

ous. Therefore, it is evident that further inves-

tigation into the etiology and source of the gen-

ital tract pathology is required.

Both the urinary and genital tract conditions

in females are cause for some concern in rela-

tion to translocation and repopulation of koalas

from Phillip Island to other suitable habitat

areas. Since both these conditions may share a

similar etiology and may be transmitted vener-

eally, the immediate health of the tnanslocated

females and the long-term breeding prospects

of such newly established populations may be

in jeopardy. On this basis, the use of Phillip

Island specifically as a nucleus sanctuary for

future translocation of breeding animals should

be seriously reconsidered.

The leucopenia characterized by a relative

neutrophilia may relate to the higher preva-

lence of urinary, genital and ocular disease in

this particular population. Consequently, the

L+M : N % ratio may be a useful indicator of

the health status of this population.

Sarcoptic mange has been previously report-

ed in a juvenile koala which had been hand-

reared with a wombat (Banker, 1974). Wild

wombats, Vombatus ursinus, are known to har-

bor S. scabiei, and in this reported case, was the

likely source of infection. Sarcoptic mange has

also been reported in captive koalas from

Queensland (Brown et al., 1982). Barker (1974)

suggested that scabies infection of Australian

marsupials may represent a comparatively re-

cent infection derived from man and his do-

mestic animals. Cross infection studies using

canid-denived and marsupial-derived S. scabiei

in a range of hosts have not been carried out.

Such investigations may help to determine the

host origins of the marsupial derived form.

Treatment of sarcoptic mange has been suc-

cessfully carried out by whole body immersion

in 0.2% Malathion or 0.25% Amitnaz aqueous

solutions repeated two or three times at 10 day

intervals (Barker, 1974; Brown et al., 1982).

Koala stress syndrome was diagnosed both in

animals presenting from the wild and several

traumatized koalas which developed the syn-

drome while undergoing hospitalization and

treatment. Males were more prone to the con-

dition than females. It is suspected that the con-

dition is stress related. In hospitalized and con-

valescent koalas, surgical intervention,

anesthesia, post-operative handling and medi-

cal treatment were thought to be the stress fac-

tors.

After several attempts to treat, maintain and

release koalas, it became apparent that certain

hematological and biochemical parameters were

of prognostic value. A shift in the leucocyte

ratio favoring polymonphonuclear leucocytes

coupled with a low WCC (<6.0 X 10�/liter), and

elevated BUN (>60 mg %), hemoconcentration

(Hb> 16.0 g/100 ml) and hypoglycemia (<20

mg %) were considered poor prognostic param-

eters. The age and severity of the injury, the

degree of impairment to locomotion, chewing

and feeding and the general alertness at pre-

sentation were considered important prelimi-

nary factors for deciding whether treatment and

hospitalization would be attempted. Mature

males showed a poorer recovery rate than fe-

males and juveniles. Prolonged hospitalization,

regular handling and manipulation in the course

of treatment reduced the probability of suc-

cessful rehabilitation of these injured koalas. The

factors which initiate this syndrome and rea-

sons for the drastic alteration in homeostasis and

metabolic function, as indicated by the clinical

presentation and hematological parameters, are

not known. The term, koala stress syndrome

was used in response to the perceived increase

in “stress factors” acting on these koalas and is

not intended as a physiological explanation for

the condition.

The extent of injuries, treatment options and

post-operative cane may have to be considered

in the light of the chances for a successful re-

covery, as this syndrome proved uniformly fa-
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tal. Handling and transit stresses during capture

and translocation of koalas, particularly in re-

spect to mature male animals, should be mini-

mized to prevent the possible development of

acute signs of koala stress syndrome.

The most consistently useful hematological

parameter for assessing the health status of the

koala was considered to be the ratio percentage

of lymphocytes and monocytes to neutrophils

(L+M : N ratio). Significantly injured or sick an-

imals presented at the VCC had low L+M : N

ratios (35:65) in comparison with normal ani-

mals bled from wild populations (70:30). The

mild anemia and relative eosinophilia evident

in koalas from Walkerville was attributed to

heavy infestations of the tick, Ixodes tasmani,

during the spring and autumn periods. A com-

parison of PCV, hemoglobin concentration and

RCC of Walkerville koalas in August 1980 and

January 1981 has demonstrated a significant re-

duction in these parameters with an elevation

in eosinophil counts in the January sample as-

sociated with increases in tick numbers.

Much of the research into the koala has been

initiated out of concern for the continued sur-

vival of this marsupial in the face of diminish-

ing habitat, infertility problems and the threat

of disease. Across its natural range, the koala is

fully protected and is no longer considered en-

dangered. The use of Phillip Island as a sanc-

tuary for koalas has been part of a long-term

plan for the conservation of this unique mar-

supial. Nevertheless, the small size of the island

and of its individual koala reserves has created

certain managemental problems. In the past

decades, translocation of surplus animals to oth-

er suitable habitats in Victoria occurred as the

island population increased. Overuse of the

available favored habitat and, in some cases,

food tree depletion make management of this

island population difficult. The popularity of

Phillip Island as a tourist resort has led to ad-

ditional problems for koalas. Main roads bisect-

ing koala sanctuaries have made motor vehicle

accidents common while the continuous close

exposure to humans may represent a further

stress factor.

Sound management of koala populations in

sanctuaries, national parks and forest habitats is

vital for their continued survival. It is hoped

that this study will provide the stimulus for a

greater understanding of the role diseases may

have in this regard.
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