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Infectious keratoconjunctivitis of small domestic and wild ruminants, a very common ocular disease
in the Swiss Alps, might be transmitted by flies. In the present study, the possible role of
eye-frequenting insects in the transmission of Mycoplasma conjunctivae was evaluated. Insect specimens
were caught in the fields in the proximity of domestic sheep (Ovis ammon f. dorn.), free-ranging
chamois (Rupicapra rupicapra rupicapra) and Alpine ibexes (Capra ibex ibex), in order to determine
which flies live in the vicinity of these three susceptible Caprinae species. Four genera of Muscidae
were identified as potential vectors of M. conjunctivae: Hydrotaea, Musca, Morellia, and Polietes.
The study revealed that a transmission of M. conjunctivae by flies should be considered but further
investigations under laboratory conditions are required to assess the hypothesis of a vectorial
transmission of M. conjunctivae.
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INTRODUCTION

Infectious keratoconjunctivitis (IKC) is an ocular disease which commonly
affects small domestic ruminants (Jones, 1991; Giacometti et ai, 1997), as well
as free-ranging chamois and Alpine ibex (Gauthier, 1991; Giacometti et al.,
1997). Mycoplasma conjunctivae has been implicated as etiological agent by several

authors (Nicolet & Freundt, 1975; Jones et al., 1976; Trotter et al., 1977;
Ter Laak et al, 1988; Giacometti et al., 1998). Mycoplasmal IKC is highly
contagious in a herd (Baas et al., 1977), and an interrelationship in wild ruminants and
domestic sheep has been considered (Daniel & Christie, 1963; Nicolet &
Freundt, 1975; Giacometti et al, 1997). However, the ways of disease transmission

remain unclear.
Rare anecdotal reports describe physical contacts between animals of different

Caprinae species (Huboux, 1994). However, during a systematical study on
interspecific encounters in the Swiss Alps (Degiorgis et al., submitted) physical
contacts between sheep, chamois and ibexes have been recorded only once,
suggesting a transmission of M. conjunctivae by other ways than contact. Furthermore,
IKC occurs during winter and summer, indoors and in the field, but has a more
epidemic character and affects more animals during the warm, summer months
(Mitscherlich, 1943; Van Halderen et al, 1994). Therefore, spread of M.
conjunctivae by eye-frequenting flies might be a way of intra- and interspecific disease
transmission, as postulated by Mitscherlich (1943).
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A large number of non-hematophagous flies present a considerable importance
in human and veterinary medicine as carriers of various pathogen agents (Rhodain
& Perez, 1985). Indeed, many Diptera species are accused of transmitting and
disseminating ocular diseases: Musca domestica and Musca Sorbens have been implicated

in the transmission of epidemic conjunctivitis (caused by various bacteria),
and Musca autumnalis has been suspected as vector of bovine keratoconjunctivitis
(Rhodain & Perez, 1985; Williams et al, 1985). Musca Sorbens stays in large
numbers around the eyes, nose and mouth, or on wounds; it has been reported as
carrier of Chlamydia trachomatis, which causes severe keratoconjunctivitis in man
(Rhodain & Perez, 1985). Furthermore, several Musca species work as intermediate

hosts for the eyeworm of mammals, Thelazia sp. (Kettle, 1990; Rhodain &
Perez, 1985; Meiilhorn et al., 1993). Flies can be observed in the environment of
livestock, feeding frequently on lachrymal discharge. The sheep head fly (Hydrotaea

sp.) for example swarms around the head of the host feeding at wounds, at the

eyes (Fig. 1) and mouth (Walker, 1994).
In order to investigate whether flies might play a role in transmission of infectious

keratoconjunctivis of small domestic and wild ruminants, entomological
investigations were carried out. The purpose of the present study was to determine which
flies live in the vicinity of sheep (Ovis ammon f. dorn.), chamois (Rupicapra r.

rupicapra) and Alpine ibex (Capra i. ibex) on summer pastures, in order to choose
appropriate insect species to perform laboratory experiments.
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Fig. 1. Hydrotaea irritans on the right eye of a chamois affected with infectious keratoconjunctivitis.
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Tab. 1. Diptera identified from the samples collected during summer 1996 and 1997. Identifications
are mostly based on females and remain tentative in some cases. Nomenclature according to Merz et
al. (1998).

Samples

Famil> Species Cl C2 II SI S2 S3 S4 S5 S6 S? ss S1)

Anthomyiidae Zaphne sp. x
undetermined x X X X X X X

Calliphoridae Calliphora vomitoria (Linnaeus)
C 'alliphora sp.
Lucilia caesar (Linnaeus)

X X

X
XXX

X

X

X

X

X

\

Drosophilidae Drosophila sp. X

Fanniidae Fannia sp. X \ X X X \
Muscidae IjC //(/ -sp

Dasyphorapraiorum Meigen)
Eudasyphora zimini (Hennig)
Melina sp.
Hydrotaea dentipes (Fabricius)
Hydrotea ignava (Harris)

X

X

X

X

X

X

X

X

N

Hydrotaea irritans (Fallen) X X X X

Hydrotaea militaris (Meigen) X

Hydrotaeapandellei Stein X

Hydrotaea similis Meade X X X

Hydrotaea sp. X

Musca autumnalis De Geer X X X X X

Morellia podagrica Loew) X X X X X

Morellia sp. X X

Myospila sp. X

Phaonia sp. X

Polietes domitor (Harris) X X

Polietes lardartus (Fabricius) X X X

Thricops sp. X

undetermined X X X

Piophilidae Liopiophìla varipes (Meigen) X X X

Sarcophagidae Sarcophaga caerulescens Zetterstedt X

Sphaeroceridae Sphaerocera curvipes Latreille X

Tabanidae Hybomitra sp.
Tabanus sp.

X

X X

Samples: Host

Cl Chamois
C2 Chamois

II I hex

Sl Sheep
S2 Sheep
S3 Sheep
Si Sheep
S5 Sheep
SD Sheep
S7 Sheep
S8 Sheep
S9 Sheep

Locality Altitude Ctl-coordinates Date;

Wyssgräter/Vals/GR 2620 m 728.950/157.700 21.08.96

Mulebcrgwald/St.Stephan/BE 1560 m 597.100/152.850 16.07.97

Val Martscha/lnnerl'errera/GR 2200 m 752.080/153.280 29.08.96
Val Madris/Avers/GR 2280 m 757.550/146.150 26.07.96
Val Madris/Avers/GR 2500 m 758.320/145 750 26.07.96
Val Madris/Avers/GR 2560 in 758.200/145.100 26.07.96
Les Cerniettes/Charmey/FR 930 m 578.400/160 750 16.07.97

Flösch/Lenk/BK 1880 m 598.030/145.975 21.07.97
Chenaussanne/Montbovon/FR 1130 m 566 550/144.825 24.07.97

Chenaussanne/Montbovon/FR 1130 m 566.550/144.820 31.07.97

Beauregard/Fslavannens/FR 980 m 574 200/158.450 21.08.97

Schafbärgli/Oberwil Ì.S./BE 1890 m 601140/171.375 02.09.97

MATERIAL AND METHODS

Specimens were collected in alpine and subalpine regions of three Swiss cantons

during summer 1996 and 1997 (Tab. 1). Insects were caught on the summer
pastures in the proximity of sheep, chamois and ibex affected with IKC. In the sheep,
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flies were taken either from stones close to animals (for example near a salt lick),
or on immobilized or dead animals. Free-ranging ruminants with IKC-symptoms
were shot by state game-keepers (except a young chamois found dead in the summer

of 1997); the insects, especially those around the eyes of the affected animals,
were caught just after shooting.

The flies were put in a small box containing pieces of tissues moistened with
ethyl acetate. The insects were then either directly pinned and dried (specimens
1996), or put in a hermetic container filled with 70% alcohol (specimens 1997).
The fly species were then determined by an entomologist (E. Obrecht).

RESULTS

Many of the flies dried in 1996 were damaged, making species determination
impossible. In 1997. the preservation of the insects in alcohol was satisfying,
permitting species determination of male flies with certainty. Unfortunately, most flies
of the samples were females, and female cyclorrhaphan flies are often almost impossible

to determine to species level.
However, 24 flies were determined in 1996 and 123 in 1997, and several

Diptera could be identified from chamois, ibex and sheep. Nine different families are
represented (Tab. 1), and four genera were found as well in domestic as in wild
ruminants: Hydrotaea, Morellia, Polietes, and Calliphora.

DISCUSSION

From nine identified families of Diptera, four are classified as insects of medical

and veterinary importance: Muscidae, Calliphoridae, Sarcophagidae, and
Tabanidae. However, Calliphoridae and Sarcophagidae are flies associated with
carrion, and Tabanidae are blood-sucking flies. Therefore, only four genera of Muscidae

can be considered as potential vectors of M. conjunctivae: Hydrotaea, Musca,
Morellia, and Polietes ace the only identified flies whose feeding habits make a
transmission of ocular pathogens possible (Hammer, 1941). Except Musca, they
were collected as well from domestic as from wild ruminants. However, it is probable

that Musca flies also feed on chamois and ibex.
Musca autumnalis was identified many times with certainty. Interestingly,

M. autumnalis has been implicated as vector of bovine infectious keratoconjunctivitis

by several authors (Steve & Lilly, 1965; Cheng, 1967; Brown & Adkins,
1972; Arends et al., 1982; Gerhardt et ai, 1982). Its feeding habits and ability to
Fly long distances in a short time make it an ideal vector for agents of infectious
keratoconjunctivitis within a herd, but also between widely separated herds
(Williams et al., 1985). Furthermore, the rough spines on its mouthparts can damage

eye tissue and predispose it to an infection (Williams et al., 1985).
In cattle, flies seem to play a role as vectors but do not appear as a necessary

factor for transmission. The situation is possibly similar for IKC, as already
suspected by Mitscherlich (1941; 1943). Excessive lachrymation is an attractive
source of proteins, salt and water for insects (Bänziger, 1972a; Büttiker & Meyer,
1974; Nicolet & Büttiker, 1975; Williams et al., 1985), and flies' feeding habits
include constant changing of hosts grazing close to each other. Furthermore, insects
have been suspected to be vectors of mycoplasmas by several authors (Bänziger,
1972b; Daniels, 1973;Nayak&Bhowmik, 1990; Gouws etal, 1995). Since

mycoplasmas cannot survive a long time in the environment (Nicolet, 1985), they have
to be transmitted in a short delay from one susceptible host to the next. However,
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the presence of mycoplasmas in the gut of eye-frequenting moths has been suspected
(Bänziger, 1972b), and further investigations are required to determine if
mycoplasmas survive, and maybe multiply, in the gut of flies.

As a conclusion, a transmission of M. conjunctivae by flies should be
considered, but the epidemiological significance of this transmission is unclear. It is
probable that flies play a role as accessorial vectors. The occurence of IKC during
cold months excludes the fly as the only route of disease transmission. However,
this role might be of primary importance in interspecific transmission on alpine
meadows, and further investigations under laboratory conditions are required to
assess the hypothesis of a vectorial transmission of M. conjunctivae. Furthermore,
other aspects of flies as a predisposing factor for IKC should also be mentioned:
eye-frequenting insects may provoke irritation (favoring an infection), and they can

carry various bacteria which might secondarily infect the eyes and aggravate the

symptoms of conjunctivitis caused by M. conjunctivae.
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ZUSAMMENFASSUNG

Die infektiöse Keratokonjunktivitis der kleinen Haus- und Wildwiederkäuer, eine in den Schweizer
Alpen häufig vorkommende Augenkrankheit, könnte durch Fliegen übertragen werden. In dieser
Studie wurde die mögliche Rolle von Augen besuchenden Insekten bei der Übertragung von M.
conjunctivae untersucht. In der Nähe von Schafen. Gemsen und Steinböcken wurden Insekten gefangen.
um das Artenspektrum in der Umgebung dieser drei empfänglichen Caprinae-Arten zu erfassen. Vier
Gattungen von Muscidae wurden als mögliche Vektoren von M. conjunctivae identifiziert: Hydrotaea,
Musca. Morellia und Polietes. Die Untersuchung zeigte, dass eine Übertragung von M. conjunctivae
durch Fliegen in Betracht gezogen werden sollte. Weitere Untersuchungen unter Laborbedingungen
sind aber nötig, um die vermutete vektorielle Übertragung von M. conjunctivae zu klären.

REFERENCES

Arends, J.J.. Barto, P.B., & Wright, R.E. 1982. Transmission oi Moraxella bovis in the laboratory
by the face fly (Diptera: Muscidae). J. Econ. Entomol. 75: 816-818.

Baas, E.J., Trotter. S.L.. Franklin. R.M.. & Barile. M.F. 1977. Epidemic caprine keratoconjunc¬
tivitis: Recovery of Mycoplasma conjunctivae and its possible role in pathogenesis. Infect.
Immun. 18: 806-815.

Banziger. H. 1972a. Biologie der lacriphagen Lepidopteren in Thailand und Malaya. 5. Ethologisch-
ökologischer Teil. Revue Suisse Zool. 79: 1414-1438.

Bänziger. H. 1972b. Biologie der lacriphagen Lepidopteren in Thailand und Malaya. 7. Physiolo¬
gisch-pathologischer Teil. Revue Suisse Zool. 79: 1450-1455.

Brown, J.F. & Adkins. T.R. 1972. Relationship of feeding activity of face fly (Musca autumnalis
DeGeer) to production of keratoconjunctivitis in calves. Am. J. Vet. Res. 33: 2551-2555.

Büttiker. W. & Meyer. J.H. 1974. Beobachtung über das augenbesuchende Verhalten von Pyrgus
malvae malvoides Elw. & Edw. (Hesperiidae. Lep.) in der Schweiz. Revue. Suisse Zool. 81:
1019-1025.

Cheng. T.-H. 1967. Frequency of pinkeye incidence in cattle in relation to face fly abundance./ Econ.
Entomol. 60: 598-599.

Daniel. M.J. & Christie. A.H.C. 1963. Untersuchungen über Krankheiten der Gemse (Rupicapra
rupicapra L.) und des Thars (Hemitiagus jemlaicus Smith) in den Südalpen von Neuseeland.
Schw. Arch. Tierheilk. 105: 399-411.

193



MARIE-PIERRE DEGIORGIS ETAL.

Daniels. M. 1973. Plant disease and mycoplasmas. New Scientist, 6 Dec. 1973: 705-707.
Degiorgis, M.-P.. Ingold, P., Tenhu, H., Tébar, A.M., Ryser, A., & Giacometti, M. (Submitted).

Encounters between individuals of different Caprinae species as a predisposing factor for
transmission of Mycoplasma conjunctivae.

Gauthier, D. 1991. La kérato-conjonctivite infectieuse du chamois 7 Etude épidémiologique dans le
Département de la Savoie 1983-1990. Thesis Veterinariae Medicinae, Université Claude
Bernard de Lyon (France), 107 pp.

Gerhardt, R.R., Allen, J.W., Greene, W.H., & Smith, P.C. 1982. The role of face Hies in an episode
of infectious bovine keratoconjunctivitis. J. Am. Vet. Med. Assoc. 180: 156-159.

Giacometti, M., Degiorgis, M.-P., Mayer, D., Krawinkler. M., Meier, W., & Nicolet, J. 1997. Epi¬
demiologie des infections à Mycoplasma conjunctivae chez le bouquetin, le chamois et le mouton

dans les Alpes Suisses. Bull. Soc. Neuchâtel. Sci. Nat. 120: 24-34.
Giacometti, M., Nicolet, J.. Frey, J.. Krawinkler, M., Meier, W., Welle, M., & Degiorgis, M.-P.

1998. Susceptibility of alpine ibex to conjunctivitis caused by a sheep-strain of Mycoplasma
conjunctivae. Vet. Microbiol. 61: 279-288.

Gouws, J.E, Coetzer, J.A., & Howell, P.G. 1995. A comparative microbiological study of clinically
healthy eyes and those affected by ophthalmia in cattle and the association of noctuid
eye-frequenting moths. J. South Afr. Vet. Assoc. 66: 160-169.

Hammer, O. 1941. Biological and ecological investigations of Hies associated with pasturing cattle
and their excrement. Vidensk. Meddel. Dansk Naturhist. Foren. 105: 1-257.

Huboux, R. 1994. Un comportement anormal: l'accouplement de chamois avec des brebis. Bull. Mens.
O.N.C 190: 26-29.

Jones, G.E. Infectious keratoconjunctivitis. 1991. In: Martin, W.B. & Aitken. I.D. (eds). Diseases

of sheep, pp. 280-283. Blackwell Scientific Publications, London.
Jones, G.E., Foggie, A., Sutherland, A.. & Harker, D.B. 1976. Mycoplasmas and ovine keratocon¬

junctivitis. Vet. Ree. 99: 137-141.
Kettle, D.S. 1990. Medical and veterinary entomology. CAB International, Oxon. 658 pp.
Mehlhorn, H.. Düwel. D., 8c Raether. W. 1993. Diagnose und Therapie der Parasitosen von Hatis-

Ntttz- und Heimtieren, 2nd edition. Gustav Fischer, Stuttgart, 529 pp.
Merz, B., Bächli, G., Haenni, J.-P., & Gonseth, Y. (eds). 1998. Diptera - Checklist. Fauna Helve¬

tica 1, 369 pp.
Mitscherlich. E. 1941. Die aetiologische Bedeutung von Rickettsia conjunctivae (Coles 1931) für

die spezifische Kerato-Konjunktivitis der Schafe in Deutsch-Südwestafrika. Z. Infekt. Kranich.
57: 271-287.

Mitscherlich. E. 1943. Die Übertragung der Kerato-Conjunctivitis Infectiosades Rindes durch Flie¬

gen und die Tenazität von Rickettsia conjunctivae in der Aussenwelt. Dtsch. Tropenmed. Z. 47:
57-64.

Nayak, N.C. & Bhowmik, M.K. 1990. Goat flea (Order Siphonaptera) as a possible vector for the
transmission of caprine mycoplasmal polyarthritis with septicaemia. Prev. Vet. Med. 9:
259-266.

Nicolet, J. 8c Buttikek, W. 1975. Observations sur la kératoconjonctivite infectieuse du bovin en
Côte d'Ivoire: 2. Etude sur le râle vecteur des lépidoptères ophtalmotropes. Rev. Elev. Méd.
Vét. Pays Trop. 28: 125-132.

NlCOLET, J. 1985. Kompendium der Veterinär-medizinischen Bakteriologie. Pareys Studientexte Nr.
45. Berlin & Hamburg, 280 pp.

Nicolet, J. & Freundt, E.A. 1975. Isolation oi Mycoplasma conjunctivae from chamois and sheep
affected with keratoconjunctivitis. J. Vet. Med. B 22: 302-307.

Rhodain, F. 8c Perez, C. 1985. Précis d'Entomologie Médicale et Vétérinaire. Maloine s.a. éditeur.
Paris, 458 pp.

Steve, P.C. & Lilly, J.H. 1965. Investigations on transmissability oi Moraxella bovis by the face fly.
J. Econ. Entomol. 58: AAA-A4b.

Ter Laak, E.A., Schreuder, B.E.C.. Kimman, T.G., & Houwers, D.J. 1988. Ovine keratoconjunc¬
tivitis experimentally induced by instillation of Mycoplasma conjunctivae. Vet. Quart. 10:
217-224.

Trotter, S.L., Franklin, R.M., Baas, E.J.. & Barile, F. 1977. Epidemic caprine keratoconjunctivi¬
tis: experimentally induced disease with a pure culture of Mycoplasma conjunctivae. Infect.
Immun. 18: 816-822.

Walker. A. 1994. Arthropods of humans and domestic animals. Chapman & Hall, London. 213 pp.
Williams. R.E., Hall, R.D.. Broce, A.B., & Scholl, P.J. 1985. Livestock entomology. John Wiley

and sons, New York, 335 pp.

(received June 11. 1999; accepted July 10. 1999)

194


	The possible role of eye-frequenting flies in the transmission of Mycoplasma conjunctivae

