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ABSTRACT

Stephanofilariasis is an infection of the skin of cattle and
less commonly other ruminants, with small filarial nematodes of the
genus Stephanofilaria.

This disease was discovered in Queensland an(

Australia for the first time in 1980 and this thesis outlines the
results of the subsequent investigation of determinants of the
disease, its pathogenesis and control, and the life cycle and
morphology of the parasite which induces disease in Queensland.
The disease was found in cattle and was manifest as
circumscribed hairless lesions in the skin.

The surface of the

lesions was usually slightly-raised, dry and hyperkeratotic with
small areas of dried blood.

Less commonly, the lesions were cracked

and scab encrusted.
Lesions were restricted to four sites: the medial canthus of
the eye, where all infected animals had lesions; the neck, where
older animals had lesions ( 41% of steers, 35% of cows and 4% of
bulls); the sternum, ( 18% of bulls, 0.6% of steers and 1% of
cows ); and head, where 0.6 to 1% of animals were infected
independently of sex, breed or age. Whether the location of
lesions reflected preferred vector biting sites or a greater
physiological receptivity of infected skin to infection than skin

in other locations was not determined. In either case, the
location of the lesion on the host animal is unlikely to be a
useful character for determining the species of Stephanofilaria
found in the present study.
Adult parasites were found either in small groups in cysts
formed from the remnants of hair follicles or singly in the
epidermis and superficial dermis.

Microfilariae were found

in the superficial areas of the dermal papillae adjacent to -
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the epidermis.

The presence of adult parasites elicited a severe

local inflammatory reaction comprising lymphocytes, histiocytes and
eosinophils and resulted in the destruction of hair follicles and
associated sebaceous glands.
Alopecia is a constant feature of stephanofilarial lesions
yet its pathogenesis has not been determined. In histological
sections, most adults were entwined in cysts formed in the base
of hair follicles but adults of both sexes were found in the
epidermis and superficial dermis.
Microfilariae recovered from the skin of cattle in this
study were confined within seai rigid vitelline membranes. Small
spherical bodies, probably yolk remnants, were also confined
within the membranes. Live microfilariae were actively motile
within the membrane but they were unable to effect any
progressive movement of the entire structure when suspended in
saline. Furthermore, no microfilariae were recovered in the
saline recovery technique. These findings strongly suggest that
the microfilariae of this Stephanofilaria sp. are incapable of
independent migration. Therefore, adult females would have to
migrate through the superficial dermis and epidermis to discharge
microfilariae in areas accessible to potential vectors. The males
found in this situation may have been migrating in search of
females. If these adults and maturing larvae re-entered other
hair follicles then the repeated invasion of hair follicles and
destruction of the germinal matrix cells would cause the local
alopecia which is characteristic of stephanofilarial lesions.
The histopathology of the

'lesion~

examined in this study

showed differences from those of lesions produced by fly feeding
alone and also to those described for lesions induced by

tv

hypersensitivity to other biting flies. This, and the
successful transmission of the parasite to produce a
characteristic lesion strengthens the conclusion that lesions
previously called "buffalo fly lesions" are stephanofilarial
dermati tis.

The following determinants of stephanofilariasis

were observed in abattoir and field studies.
(a)

Sex: Prevalence of lesions was highest in bulls, intermediate
in steers and lowest in cows for all breeds and in all areas.

(b)

Age: Prevalence of lesions increased with increasing age,
independently of sex or breed. Animals as young as 37 days of
age were found infected.

(c)

Breed: Prevalence of lesions was lower in Bos indicus
animals than in B. taurus animals. ' Within B. indicus
genotypes, animals with 75% Brahman content or >7/8 Sahiwal
content were significantly more resistant to development of
lesions than animals with lower Brahman or Sahiwal content.

(d)

Season: In some areas, the prevalence of lesions was higher
in winter (June-August) than at other times.

(e)

Coat colour: In some years prevalence of lesions was lower
in animals with lighter coat colour.

(f)

Distance from the coast: Prevalence of'the disease tended to
decrease with increasing distance from the coast. Prevalence
ranged from 95% on Cape York Peninsula to less than 5% in
southern Queensland where the occurrence was sporadic.

(g)

Range of Haematobia irritans exigua: The occurrence of
stephanofilariasis corresponded with the geographical range of
H. i. exigua.

It

was concluded that H. 1. exigua is the vector of

stephanofilariasis in Queensland for the following reasons;
(a)

It was shown to be capable of ingesting microfilariae,
supporting development of the larvae and transmitting
infective third stage larvae to cattle.

(b)

Females taken from infected cattle were found to contain
developing larvae of the parasite

(c)

It is the only haematophagus fly with a distribution
matching that of the parasite.

Stephanofilarial larval development occurred in the
abdominal haemocoel of the fly but a few larvae were found
enclosed within membranes attached to the fat body of the vector.
Most infected flies (91%) contained only a

sing~e

developing

larva of Stephanofilaria sp. and the maximum number of larvae
found in a single fly was four.
Adults and microfilariae of the parasite were found in a
previously uninfected animal 35 days after wild-caught flies were
first allowed to feed on that animal and 19 days after the last
fly died. This indicates a prepatent period of less than 35 days
for this parasite. Developing larvae were found within lesions
suggesting that the larvae of this Stephanofilaria sp. may not
undergo an extensive or prolonged somatic migration.
The adults of the Australian species of Stephanofilaria are
small.

The males are 2.3-3.2(2.8)mm long and 50-80(68) microns

wide and the females are 3.8-6.4(5.2)mm long and 62-93(81)
microns wide.
The mouth is surrounded by 15-16 peri buccal spines, the
cuticular striations lack a posterior frill, and the males have a
spicul e ratio of 6.8: 1.
The Australian species thus differs from all other species
in the genus in lacking cephalic spines and therefore probably
represents a hitherto undescribed species.
Prolonged treatment with avermectin caused a significant
regression in lesion size and lower prevalence of lesions in
treated animals than in control animals.
closantel was ineffective.

VI

Similar treatment with

A single dose of either avermectin. levamisole or morantel
was ineffective against adult Stephanofilaria sp. whereas a
single dose of oxfendazole appeared to have limited efficacy.

\} II

ACKNOWLEDGEMENTS

! am indebted to Tom Firth, in whose cattle I first diagnosed

this disease, for his. unstinted cooperation in the early stages of
this investigation.
The review of the literature would not have been as complete as
it is without the help of the librarians at Animal Research
Institute, Yeerongpilly.

Their uncanny ability to locate and procure

copies of papers in the 1Il0st obscure publications never ceased to
impress me and I all indebted to them for this.

Special thanks must

be given to Ria Matthews. Hans Mulder and Thasfai Kassa for their
expert translations of the vernacular.
The abattoir survey would not have been possible without the
cooperation of the managements of the works involved and of the
officers of Veterinary Public Health Branch of the Queensland
Department of Primary Industries.

I am particularly indebted to Greg

Johnston. David Plant and Rory Arthur for their assistance during the
survey.
To Andrew Kent and Karen Schroter go my special thanks for their
patient processing and histological sectioning of a seemingly
interminable supply of skin biopsies.
I am indebted to the staff of Swans Lagoon Beef Cattle Research
Station for their cooperation during trials on the station.
The taxonomic examinations were made easier through Jim Darley's
expert guidance in the use of the scanning electron microscope.
grateful to Peter

Stevens~n

I am

for supply of specimens froll Indonesia.

Ron Dickson. manager of CSIRO Lansdown is thanked for his
permission to collect flies from animals on the property.

VIII

The competent management of Alan Carrington and the cheerful
assistance of Dianne Vankan and Michael O'Shea made the functioning of
the Fletcherview trial much smoother.
Rick Parker, Gareth Jones and the photography department at
James Cook University are thanked for assistance with photography.
I am indebted to Pathology Branch, Queensland Department of
Primary Industries for the support and permission to continue the
investigation.
Mark Toleman and Ross Shepherd are thanked for their assistance
with statistical analyses.
I am deeply indebted to my supervisor, Bruce Copeman whose
enthusiastic support for all aspects of the work was a continual
inspiration and whose critical comments and perserverance with my
cryptic literary style was greatly appreciated.
My very special thanks go to. Jill Baker for her proficient
typing and word processing skills which were willingly offered and
largely contributed to the presentation of this thesis.
Finally to Bronwyn, whose deep and abiQing love is a continual
source of support and encouragement in all I do.

I~

CUlttENtS

Page No.
iii

ABSTRACT

viii

ACKlfOWLEDGEJlERTS

xv

INDEX OF TABLES

xvii

INDEX OF FIGURES

1000 GENERAL INTRODUCTION

1

2000 REVIEW OF THE LITERATURE

3

2100 TAXONOMY

3

2110 Conclusions
2200 HISTORY, DISTRIBUTION, PREVALENCE AND HOSTS

2300

7

2210

S. dedoesi

7

2220

S. stilesi

9

2230

S. assalllensis

10

2240

S. kaell

11

2250

S. zaheeri

11

2260

S. dinniki

12

·2270

S. okinawaensis

12

2280 Undetermined species

12

PATHOLOGY

13

2310 Macroscopic appearance

13

2320 Histopathology

13

2330

Lesion site

14

2331

S. dedoesi

14

2332

S. stilesi

14

2333

S. assamensis

14

2334

S. kaeli

15

2335

S. zaheeri

15

2400

S. dinniki

15

2337

S. okinawaensis

15

2338 Undetermined species

15

2339 Conclusions

16

MICROFILARIA

16

2410

Size and form

16

2420

Site

19

2500

VECTORS

20

2600

TREATMENT

22

2700
3000

2336

2610

Organophosphates

2620

Non organophosphates

2630

Conclusions

GENERAL CONCLUSIONS

ABATTOIR SURVEY

22

._ 23
24
24
27

3100

INTRODUCTION

27

3200

MATERIALS AND METHODS

27

3300

3210

Animals

27

3220

Abattoir procedures

28

3230

Laboratory procedures

29

3240

Statistical analysis

29

RESULTS

31

3310

Laboratory diagnosis

31

.3320

Distribution

32

3321

Region 1

32

3322 Region 2

32

3323 Region 3

34

3324 Region 4

34

3325 Region 5

34

)(1

3330

3400
4000

Prevalence

34

3331

Prevalence in relation to sex

34

3332

Prevalence in relation to breed

36

3333

Prevalence in relation to age

36

3334

Prevalence in relation to season

36

DISCUSSION

40

PATHOLOGY
4100

44

INTRODUCTION

44

4200 .MATERIALS AND METHODS

4300

4400
5000

45

4210

Histopathological examinations

45

4220

Aetiology and pathogenesis of lesions

45

RESULTS

46

4310

Macroscopic appearance

46

4320

Site of lesions

46

4330

Histopathology

47

4340

Aetiology and pathogenesis of lesions

53

DISCUSSION

54

EPIDEMIOLOGICAL STUDIES

79

5100

INTRODUCTION

79

5200

MATERIALS AND METHODS

79

5210

5300

Animals

79

5211

Swans Lagoon

79

5212

Expedition

80

5220

Parasite recovery

80

5230

Statistical analysis

81

RESULTS

82

5310

Development of lesions

82

5320

Diagnosis of lesions

83

X\ \

5330

Prevalence of lesions - Swans Lagoon
5331

1981

83

5332

1982

85

5333

1983

86

5334. 1984

88

1985

88

5335

5340
5400
6000

Prevalence of lesions - Expedition

DISCUSSION

90
92
94

VECTOR STUDIES

6100

INTRODUCTION

94

6200

MATERIALS AND METHODS

94

6300

6400
7000

83

6210

Vector collections

94

6220

Life cycle studies

95

6230

Transmission trials

96
97

RESULTS
6310

Vector examinations

97

6320

Life cycle studies

99

6330

Transmission trials

100

6340

Stephanofilaria sp. larval morphology

101

DISCUSSION

106
112

TAXONOMY
7100

INTRODUCTION

112

7200

MATERIALS AND METHODS

113

7300

DESCRIPTION

114

7310

Stephanofilaria sp. from Australian cattle 114
7311 ·General description

114

7312

Male

114

7313

Female

115

7314

Microfilaria

115

xiii

7320

7400
8000

Stephanofilaria dedoesl

116

7321

116

External morphology

7322 Male

116

7323 Female

117

DISCUSSION

117

TREATMENT AND CONTROL

133

8100

INTRODUCTION

133

8200

EXPERIMENT 1

134

8210

8220

8300

Materials and methods

134

8211 Animals

134

8212 Experimental design

134

8213 Statistical analysis

135

Results

135

8221

Prevalence of lesions

135

8222

8 October 1981

135

8223 11 November 1981

136

8224

136

10 February and 17 March 1982

138

EXPERIMENT 2
8310

8320

Materials and methods

138

8311

Animals

138

8312

Experimental design

138

8313 Parasite recovery

139

8314

139

Statistical analysis

Resul ts
8321

Prevalence of stephanofilarial
lesions in relation to
treatment

8322 Size of stephanofilarial
lesions in relation to
treatment

Y..IV

140

140

141

8323 Growth rate of animals in
relation to treatment of
stephanofilariasis

143

8330

Recovery of parasites

148

8340

Size and prevalence of stephanofilarial
lesions in relation to genotype

150

8341

8350

8360

8400

8420

9000

150

8342 Size of lesions in relation
to genotype

152

Size and prevalence of stephanofilarial
lesions in relation to sex

152

Size and prevalence of stephanofilarial
lesions in relation to age.

152

EXPERIMENT 3
8410

8500

Prevalence of stephanofilarial
lesions

156

Materials and methods

156

8411 Animals

156

8412 Experimental design

156

Results

157

DISCUSSION

GENERAL DISCUSSION

157
162

REFERENCES

172

APPENDIX 1

192

INDEX OF TABLES

Page No.
2.1
2.2
2.3
3.1
3.2
3.3
3.4

4.1
4.2
4.3
5.1

5.2

5.3

6.1

7.1

Measurements of taxonomic characters of
Stephanofilaria spp.

8

Length in microns of microfilariae of
Stephanofilaria spp.

18

Efficacy of various compounds against
stephanofilarial infection.

26

Prevalence of stephanofilarial lesions in
slaughtered cattle in relation to sex.

35

Prevalence of stephanofilarial lesions in
slaughtered cattle in relation to breed.

37

Prevalence of stephanofilarial lesions in
slaughtered cattle in relation to age.

38

Prevalence of stephanofilarial lesions in
slaughtered cattle in relation to season of
slaughter.

39

Location of stephanofilarial lesions in relation
to age.

48

Location of stephanofilarial lesions in relation
to sex.

49

Location of stephanofilarial lesions in relation
to breed.

50

Prevalence of stephanofilarial lesions in relation
to genotype, sex and coat colour of Bos indicus
calves aged 257~21(SD) days at Swans Lagoon
in 1983.

87

Prevalence of stephanofilaria I lesions in relation
to genotype and coat colour of Bos lndicus calves
240~22(SD) days old at Swans Lagoon in 1985.

89

Prevalence of stephanofilarial lesions in relation
to coat colour of Bos indicus calves of the same
genotype and aged between 117 and 221 days at
Expedition in 1982.

91

Number of larvae of Stephanofilaria sp. found
in female Haematobia lrritans exigua taken off
infected cattle in the dry tropics of north
Queensland.

97

Measurements of taxonomic characters used in
separation of morphological groups of
Stephanofilaria spp.
xvi

119

8.1

Prevalence of stephanofilarial lesiona in young
Bas indicus animals treated with avermectin Bl
and closantel.

142

8.2

Size of stephanofilarial lesions in young Bas
indicus animals treated with avermectin Bl and·
closantel.

8.3

Change in the size of stephanofilarial lesions in
young Bas indicus animals treated with
avermectin Bl and closantel.

145

Weight of young Bas indicus animals treated
with avermectin Bl and closantel.

146

Average daily weight gain of young Bas indicus
animals treated with avermect1n Bl and closantel.

147

Recovery of Stephanofilaria sp. parasites fro.
lesion biopsies of young Bas indicus animals
treated with avermectin Bl and closantel.

149

Prevalence of stephanofilarial lesions in
relation to genotype of young Bas indicus
animals at Fletcherview in 1986.

151

Size of stephanofilarial lesions in relation to
genotype of young Bas indicus animals at
Fletcherview in 1986.

153

Size and prevalence of stephanofilarial lesions
in relation to sex of-young Bos indicus
animals at Fletcherview in 1986.

154

The partial regression coefficient(b) and the
standard error of b, for the variable, number
of days from 1 January, 1985 to the birth date
of the animal in relation to the prevalence
and size of stephanofilarial lesions in young
Bos indicus animals at Fletcherview in 1986.

155

144

8.4
8.5
8.6

8.7

8.8

8.9

8.10

INDEX OF FIGURES

Page No.
3.1
-3.2
3.3
4.1

4~2

4.3

4.4

4.5

4.6

4.7
4.8
4.9
4.10
4.11
4.12

Map of Queensland showing regions used in
statistical analysis of abattoir survey data.

30

Map of Queensland showing the distribution
and prevalence of stephanofilariasis.

33

Map of Queensland showing endemic buffalo fly
distribution and area of seasonal extension.

43

Head of Bos taurus calf showing hairless
area normally present on the medial canthus of
the eye.

62

Young Bos indicus calf showing early
stephanofilarial lesion developing on the edge
of the hairless area on the medial canthus
of the eye.

62

Head of Bos indicus calf showing
stephanofilarial lesion progressing anteriorly
from the medial canthus of the eye.

63

Head of a young Bos indicus animal with a
stephanofilarial lesion expanding from the
medial canthus of the eye.

63

Head of Bos taurus bull showing an extensive
stephanofilarial lesion near the medial canthus
of the eye.

64

Head of a Bos indicus steer with a
stephanofilarial lesion extending dorsally
around the eye.

64

Bos indicus bull showing multiple
stephanofilarial lesions on the neck.

65

Neck of 6 year old Bos indicus bullock showing
extensive stephanofilarial lesions.

65

Bos indicus cow with ulcerated stephanofilarial
lesions on the neck.

66

Neck of Bos indicus steer with a regressed
stephanofilarial lesion.

66

Stephanofilarial lesion anterior .to the prepuce
of a Bos indicus bull.

67

Head of a Bos indicus bUll snowing a
stephanofilarial lesion on the dorsal midline
of the face.

67

xviii

4.13 . Section of skin showing hyperkeratosis,
acanthosis, loss of hair follicles and
sebaceous glands and containing adult
Stephanofilaria sp. in cysts surrounded
by inflammatory cells.
4.14
4.15

4.16

4.17
4.18
4.19
4.20

4.21

4.22

4.23

4.24
4.25

4.26

68

Skin section from a stephanofilarial lesion
showing mononuclear cell aggregation.

68

Section of skin showing adult Stephanofilaria sp.
within a cyst and surrounded by histiocytes
and eosinophils.

69

Section of a stephanofilarial lesion with
ulcerated surface showing focal loss of
epidermis and heavy neutrophil infiltration.

69

Section of skin with adult Stephanofilaria sp.
adjacent to a hair shaft.

70

Section of skin with adult Stephanofilaria sp.
migrating through the epidermis.

70

Section of skin with a necrotic tract in the
superficial epidermis.

71

Section of skin with microfilariae of
Stephanofilaria sp. in superficial areas of
dermal papillae and epidermis.

71

Section of skin with microfilariae of
Stephanofilaria sp. within the epidermis of
a rete peg.

72

Microfilariae of Stephanofilaria sp. with
numerous spherical eosinophilic bodies and adjacent
to superficial capillaries.

72

Cross sections of gravid female Stephanofilaria sp.
showing microfilariae enclosed within vitelline
membranes inside the uteri.

73

Section of skin with microfilariae of Onchocerca
sp. lying free within the superficial dermis.

73

Minimal inflammatory cell reaction to the
presence of microfilariae of Stephanofilaria sp.
within the superficial dermis.

74

Section of a stephanofilarial lesion in which
parasites were not detected. Histological
changes evident are hyperkeratosis, acanthosis,
moderate inflammatory cell infiltration and
loss of hair follicles and sebaceous glands.

74

xix

4.27

Section of a regressing stephanofilarial lesion
showing acanthosis. absence of hair follicles
and sebaceous glands, minimal inflammatory cell
infiltration but retention of apocrine sweat
glands.

75

Section of a regressed stephanofilarial lesion
showing thickened epidermis, fibrosis of
superficial dermis and complete absence of hair
follicles and sebaceous glands.

75

Section of stephanofilarial lesion 36 days after
feeding infected H. i. exigua.

76

Section of stephanofilarial lesion 36 days after
feeding infected H. i. exigua showing marked
acanthosis and early necrosis of a hair follicle.

76

4.31

Higher power view of early hair follicle destruction.

77

4.32

Oblique section of stephanofilarial lesion 36 days
after feeding infected H. i. exigua showing
more advanced destruction of a hair follicle and
sebaceous glands.

77

Section of a lesion produced by feeding 1000 2000 uninfected H. i. exigua on a steer for
16 days.

78

4.34

Higher power view of the same section.

78

5.1

Prevalence of stephanofilarial les.ions in
relation to genotype of Bos indicus calves
9 to 12 months of age at Swans Lagoon in 1981.

84

4.28

4.29
4.30

4.33

5.2

Prevalence of stephanofilarial lesions in relation
to genotype of Bos indicus calves aged
181:t.33(SD) days at Swans Lagoon in 1 9 8 2 . 8 5

5.3·

Prevalence of stephanofilarial lesions in relation
to genotype of Bos indicus calves 170:t.23 (SD)
days old at Swans Lagoon in 1984.

89

Infection rate of female Haematobia irritans
exigua wi th larvae of Stephanofilaria sp.
in different months of the year at Lansdown in
north Queensland.

98

Proboscis of female Haematobia irritans exigua
containing an infective third stage larva of
Stephanofilaria sp.

103

Third stage larva of Stephanofilaria sp.
enclosed within a connective tissue capsule
from the abdomen of a female Haematobia
irritans exigua.

103

6.1

6.2

6.3

6.4

6.5

7.1
7.2
7.3

7.4

7.5

7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14

7.15

Developing larvae of Stephanofilaria sp.
recovered from wild caught Haematobia irritans
exigua.
Developing .larvae of Stephanofilaria sp.
recovered from the skin of cattle.

104
105

Head of adult Stephanofilaria sp. from
Australia. SEM.

124

Oblique enface view of adult
sp. from Australia. SEM.

124

Step~anofilaria

Cuticle of adult Stephanofilaria s~. from
Australia showing striations and prominent
lateral ala.
SEM.

125

Anterior end of adult female Stephanofilaria
sp. from Australia showing absence of cuticular
striations immediately posterior to head. SEM.

125

Tail of adult female Stephanofilaria sp. from
Australia showing lack of cuticular striations
on distal tail region. SEM.

126

Anterior end of adult female Stephanofilaria sp.
from Australia. SEM.

126

Lateral view of tail of adult male
Stephanofilaria sp. from Australia.

127

Ventrolateral view of tail of adult male
Stephanofilaria sp. from Australia. SEM.

127

Posterior end of adult male Stephanofilaria sp.
from Australia.

128

Vulva of adult female Stephanofilaria sp.
from Australia. SEM.

128

Anterior end of adult female Stephanofilaria
sp. from Australia.

129

Posterior end of adult female Stephanofilaria
sp. from Australia.

129

Microfilaria of Stephanofilaria sp. from
Australia.

130

Head of adult female Stephanofilaria dedoesi
from the skin of a cow in north Sulawesi.
Indonesia. SEM.

130

Anterior end of adult female Stephanofilaria
dedoesi from the skin of a cow in Sulawesi,
Indonesia. SEM.

131

X~I

7.16

7.17

7.18

8.1

Cuticle of adult female Stephanofilaria dedoesi
from the skin of a cow in Sulawesi, Indonesia,
showing posterior serrated frill on cuticular
striations in anterior 1/3 of body. SEM.

131

cuticle of adult female Stephanofilaria dedoesi
from the skin of a cow in Sulawesi, Indonesia,
showing smooth cuticular striations on mid body
and posterior body. SEM.

132

Tail of adult female Stephanofilaria dedoesi
from the skin of a cow in Sulawesi, Indonesia.
SEM.

132

Change in the prevalence of stephanofilarial
lesions in young Bos indicus animals following
6 consecutive monthly treatments wi1;h levamisole.

137

