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ABSTRACT. A captive 4-year-old female red-crowned parakeet (Cyanoramphus novaezelandiae) presented with anorexia, diminished activity 
and thick, beige, crusted lesions over the cere, legs, wings and cloaca. Deep skin scrapings from various lesions identified Knemidokoptes 
pilae as the causative agent. For treatment, the crusts were debrided, and the lesions were topically treated with ivermectin, chlorhexidine 
and silver sulfadiazine. The parakeet died the day after treatment. Previous studies examining K. pilae have focused primarily on the 
morphologic characteristics of adult female mites. This study presents a more comprehensive morphologic analysis, with examination of K. 
pilae at different stages of development (eggs, larvae and adult males and females).
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Knemidokoptic mange is a parasitic disease caused by 
Knemidokoptes spp. (family: Knemidokoptidae) and is char-
acterized by dermatologic lesions, encrustation, anorexia 
and sometimes death in birds [9, 11]. Knemidokoptes spp. 
are burrowing mites that invade the feather follicles and 
skin of wild and domestic birds, spending most of their time 
under the skin [6, 12]. On the basis of recent phylogenetic 
analyses, some researchers have suggested that the family 
Knemidokoptidae should be reduced to a subfamily and in-
cluded within the family Epidermoptidae [10, 12].

The red-crowned parakeet (Cyanoramphus novaez-
elandiae), also known as the red-fronted parakeet, originated 
as a species in New Zealand and then dispersed across the 
ocean [2]. Recently, numbers of red-crowned parakeets have 
declined due to habitat loss, introduction of predators and 
psittacine beak and feather disease; indeed, the species is 
considered “near threatened” by the International Union for 
Conservation of Nature and Natural Resources [1].

Three red-crowned parakeets (two males and one female) 
were reared in O-World Zoo (36°17ʹ19.00ʺ N, 127°23ʹ52.04ʺ 
E) in Daejeon, Korea. The red-crowned parakeets were 
caged with birds of other species and fed a diet of parrot 
food and vegetables, including lettuce and cabbage, twice a 
day. The 4-year-old female red-crowned parakeet presented 
with anorexia, diminished activity and thick, beige, crusted 
lesions on the cere (Fig. 1A–1C). Physical examination fol-
lowing capture revealed similar skin lesions over the legs, 

wings and cloaca (Fig. 1D–1F).
To diagnose the causative agent, deep skin scrapings 

were taken from various body lesions and treated with 10% 
potassium hydroxide solution to induce separation of the 
mites from the host tissue. Numerous mites were observed 
by microscopy (Fig. 2A). The specific species was identified 
based on the morphology of the mites, clinical signs and host 
specificity. Broken dorsal striations forming a scale-like pat-
tern are characteristic of both K. pilae and K. mutans [14]; 
because of these similar morphological characteristics, it is 
difficult to differentiate K. pilae from K. mutans by morphol-
ogy alone [11]. One study indicated that the anal slit of K. 
pilae is seen from the dorsal view, while that of K. mutans 
is not [11]. In addition, the presence of lesions on the cere 
and beak is distinct characteristics of K. pilae infestation 
[11, 12]. The host specificity of parakeet also led us to iden-
tify the causative agent as K. pilae [6, 11].

To treat the knemidokoptic mange, crusted lesions were 
debrided with sterile forceps. Ivermectin (Ivomec 1% injec-
tion, Merial, Lyon, France) diluted 1:10 with propylene gly-
col, chlorhexidine (Hexamedine, Bukwang Pharmaceutical, 
Seoul, Korea) and silver sulfadiazine (Silmazine 1% cream, 
Dong Hwa Pharmaceutical, Seoul, Korea) were topically ap-
plied to the lesions. The red-crowned parakeet was kept in 
quarantine after treatment, but was found dead the following 
day.

Until now, description of the morphological character-
istics of Knemidokoptidae has been primarily limited to 
adult females, with virtually no description of male or larval 
morphology, especially in the case of K. pilae [6, 11, 14]. In 
this study, various developmental stages (eggs, larvae and 
adult males and females) of K. pilae were detected on the 
skin lesions (Fig. 2). Adult females were short and round, 
had eight legs and measured approximately 600 µm long 
by 500 µm wide (Fig. 2B and 2C). The legs of females, 
which were shorter than those of males, were segmented 
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and lacked suckers. As described in a previous study [14], 
the dorsal striations of K. pilae females were broken and 
formed a scale-like pattern (Fig. 2B, asterisk); however, 
triangular setae, which are characteristic of sarcoptids, were 
not observed. The ventral striations of K. pilae females were 
simple and unbroken (Fig. 2C, asterisk). On the dorsal sur-
face, there was a pronotal shield with one transverse and two 
longitudinal chitinized bars (Fig. 2B). Additional prominent 
characteristics of adult female K. pilae included an anal slit 
positioned on the dorsal aspect (Fig. 2B, black arrowhead) 
and two short setae at the terminus of the idiosoma (Fig. 2B, 
white arrowheads).

Adult males were oval in shape, approximately 350 µm 
long by 250 µm wide (Fig. 2D). The males had eight seg-
mented legs that were longer than those of females and 
featured long, unjointed pedicels with suckers (Fig. 2D, 
white arrows and inset). Two long setae were observed at the 
idiosoma terminus in males, in contrast to the shorter setae 
observed in females (Fig. 2D, arrowhead).

Larvae had morphology similar to that of adult males, but 
with only six legs (Fig. 2E and 2F). The larvae were smaller 
than male and female adults, at approximately 300 µm long 
by 200 µm wide. Larvae had long, unjointed pedicels with 
suckers at the end of each leg, similar to those of adult males 
(Fig. 2E, inset and Fig. 2F, white arrows). There were three 
setae at the end of each leg (Fig. 2F, inset); those on the first 
and second pairs of legs were short and similar in length, 
but one seta on the third pair of legs was distinctly longer 

than the other two (Fig. 2F, black arrows). Larvae had two 
long setae at the idiosoma terminus, similar to those of adult 
males (Fig. 2D and 2E, arrowheads).

The reproductive biology of Knemidokoptes spp. has yet 
to be clearly elucidated. For example, K. gallinae is ovovi-
viparous [15], K. jamaicensis is viviparous [4], and adult 
females of other Knemidokoptidae species are larviparous 
[7]. In this study, multiple embryonated eggs (300 µm long 
by 200 µm wide) were observed (Fig. 2G), suggesting that 
K. pilae is likely to be ovoviviparous; however, the possibil-
ity of oviparity cannot be excluded. Thus, the reproductive 
biology of Knemidokoptidae clearly requires further inves-
tigation.

Knemidokoptic mange can be quite detrimental to birds, 
and clinical infestation by Knemidokoptes spp. is associated 
with conditions of stress and malnutrition [8]. We suspect 
that a stressful caged environment hastened the death of the 
red-crowned parakeet infested with K. pilae. Knemidokoptic 
mange is transmitted by direct contact between birds, and 
interspecies transmission is thought to be rare [5]. The 
cagemates of the affected bird in the present study were 
examined for knemidokoptic mange, but showed no clinical 
manifestations of infestation. This suggests that the immu-
nologic status of an individual bird could be an important 
predisposing factor for infestation by mites [8]. Since small 
birds are vulnerable to stress, early diagnosis is critical for 
the prevention of parasite transmission and development of 
disease [3]. Lesions caused by an avian poxvirus may resem-

Fig. 1. Gross appearance of knemidokoptic mange on a captive 4-year-old female red-crowned para-
keet (Cyanoramphus novaezelandiae). (A) Ventral view of infested parakeet. (B–E) Close-up views 
of crusted lesions observed over the cere (B, C), legs (D), wings (E) and cloaca (F).
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ble those caused by Knemidokoptes spp.; therefore, poxvirus 
infection should be included in the differential diagnosis [5].

In the present study, we report the diagnosis and clini-
cal course of a captive red-crowned parakeet infested with 
K. pilae and describe the morphological characteristics of 
K. pilae at various developmental stages. While previous 
studies have primarily focused on the morphology of adult 
female K. pilae [6, 11, 13, 14], our study provides valuable 
insight into the developmental morphology and reproductive 
biology of K. pilae.

REFERENCES

 1.  BirdLife International. 2014. Cyanoramphus novaezelandiae. 
The IUCN Red List of Threatened Species. http://www.iuc-
nredlist.org/details/22727981/0. Accessed on 11 August, 2015.

 2.  Boon, W. M., Kearvell, J. C., Daugherty, C. H. and Chambers, 
G. K. 2001. The Cyanoramphus genus. p. 6. In: Molecular Sys-
tematics and Conservation of Kakariki (Cyanoramphus spp.), 
Department of Conservation Wellington, Wellington.

 3. Cho, C. J., Park, J., Park, S. G., Song, K. H., Kim, D. H., Jee, C. 
H. and Kim, G. 2010. Tick paralysis in 2 German shepherd dogs. 
J. Biomed. Res. 11: 49–53.

 4. Dabert, J., Dabert, M., Gal, A. F., Miclăuş, V., Mihalca, A. D. 
and Sándor, A. D. 2013. Multidisciplinary analysis of Knemido-
coptes jamaicensis parasitising the common chaffinch, Fringilla 
coelebs: proofs for a multispecies complex? Parasitol. Res. 112: 
2373–2380. [Medline]  [CrossRef]

 5. Gaudioso, J. M., LaPointe, D. A. and Hart, P. J. 2009. Knemi-
dokoptic mange in Hawaii amakihi (Hemignathus virens) on the 
island of Hawaii. J. Wildl. Dis. 45: 497–501. [Medline]  [Cross-
Ref]

 6.  Hendrix, C. M. and Robinson, E. 2014. Arthropods that infect 
and infest domestic animals. pp. 193–265. In: Diagnostic Para-
sitology for Veterinary Technicians, 4th ed., Elsevier Health Sci-
ences, St. Louis.

 7. Jackson, B., Heath, A., Harvey, C., Holyoake, C., Jakob-Hoff, 
R., Varsani, A., Robertson, I. and Warren, K. 2015. Knemido-
koptinid (Epidermoptidae: Knemidokoptinae) mite infestation in 
wild red-crowned parakeets (Cyanoramphus novaezelandiae): 
correlations between macroscopic and microscopic findings. J. 
Wildl. Dis. 51: 651–663. [Medline]  [CrossRef]

 8. Koski, M. A. 2002. Dermatologic diseases in psittacine birds: 

Fig. 2. Microscopic examination of Knemidokoptes pilae isolated from a red-crowned parakeet (Cyanoramphus novaezelandiae). (A) Numer-
ous K. pilae (black arrows) are observed in a deep skin scrape of a lesion. (B) Dorsal view of an adult female, showing broken dorsal striations 
forming a scale-like pattern (asterisk) and an anal slit (black arrowhead). The legs are segmented, shorter than those of males and lack suckers 
(inset to B). Two short setae are present at the idiosoma terminus (white arrowheads). (C) Ventral view of an adult female, showing simple, 
unbroken striation (asterisk). (D) An adult male with legs having long, unjointed pedicels and suckers at the ends (inset to D, white arrows). 
Two long setae are observed at the idiosoma terminus (white arrowhead). (E, F) Larvae with legs having long, unjointed pedicels and suckers 
at the ends (inset to E, white arrows). Three setae are present on each leg, but one seta on the third pair of legs is distinctly longer than those 
on the first and second pairs of legs (inset to E, black arrows). Two long setae at the idiosoma terminus are observed (white arrowheads). (G) 
Embryonated eggs of K. pilae. Bars represent 500 µm in A and 100 µm in B through G.

http://www.ncbi.nlm.nih.gov/pubmed/23563901?dopt=Abstract
http://dx.doi.org/10.1007/s00436-013-3402-7
http://www.ncbi.nlm.nih.gov/pubmed/19395759?dopt=Abstract
http://dx.doi.org/10.7589/0090-3558-45.2.497
http://dx.doi.org/10.7589/0090-3558-45.2.497
http://www.ncbi.nlm.nih.gov/pubmed/25973626?dopt=Abstract
http://dx.doi.org/10.7589/2014-10-251


K. KIM, S. LEE AND D. KWAK512

an investigational approach. Semin. Avian Exotic Pet Med. 11: 
105–124.  [CrossRef]

 9. Mete, A., Stephenson, N., Rogers, K., Hawkins, M. G., Sadar, 
M., Guzman, D. S., Bell, D. A., Smallwood, K. S., Wells, 
A., Shipman, J. and Foley, J. 2014. Knemidocoptic mange in 
wild golden eagles, California, U.S.A. Emerg. Infect. Dis. 20: 
1716–1718. [Medline]  [CrossRef]

 10. Mironov, S. V., Bochkov, A. V. and Fain, A. 2005. Phylogeny 
and evolution of parasitism in feather mites of the families Epi-
dermoptidae and Dermationidae (Acari: Analgoidea). Zool. Anz. 
243: 155–179.  [CrossRef]

 11. Morishita, T. Y. and Schaul, J. C. 2008. Parasites of Birds. pp. 
217–302. In: Flynn’s Parasites of Laboratory Animals, 2nd ed. 

(Baker, D. G. ed.), Blackwell Publishing, Ames.
 12.  Mullen, G. R. and OConnor, B. M. 2009. Mites (Acari). pp. 

433–492. In: Medical and Veterinary Entomology, 2nd ed. (Mul-
len, G. R. and Durden, L. A. eds.), Academic Press, London. 

 13. Oldham, J. N. and Beresford-Jones, W. P. 1954. Observations 
on the occurrence of Cnemidocoptes pilae in budgerigars and a 
parakeet. Br. Vet. J. 110: 29–30.

 14.  Taylor, M. A., Coop, R. L. and Wall, R. L. 2007. The laboratory 
diagnosis of parasitism. pp. 831–832. In: Veterinary Parasitol-
ogy, 3rd ed., Blackwell Publishing, Oxford.

 15.  Taylor, M. A., Coop, R. L. and Wall, R. L. 2007. Parasites of 
poultry and gamebirds. pp. 531–533. In: Veterinary Parasitology, 
3rd ed., Blackwell Publishing, Oxford.

http://dx.doi.org/10.1053/saep.2002.123981
http://www.ncbi.nlm.nih.gov/pubmed/25271842?dopt=Abstract
http://dx.doi.org/10.3201/eid2010.140504
http://dx.doi.org/10.1016/j.jcz.2004.10.001

