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Abstract

Pedicinus spp. parasitize several species of nonhuman primates. This is the first published report confirming the presence of
Pedicinus albidus (Rudow) infestation in the free-ranging macaques (Macaca sylvanus) of Gibraltar. The diagnosis of pediculosis

was based upon finding adult lice and nits on host animals.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The Rock of Gibraltar, a peninsula attached to
southern Spain, is home to the only free-ranging
nonhuman primates in Europe: Macaca sylvanus, the
“Barbary Ape”. M. sylvanus is also found in Morocco
and Algeria. The exact origin of the Gibraltar macaques
is unknown, but records dating to the 17th century
allude to their presence. When the macaque population
dwindled precipitously in the early 20th century,
additional animals were imported from North Africa.
Phylogenetic analysis suggests that the current popula-
tion is composed of long-term residents as well as
individuals whose origins can be traced to recent
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importation from North Africa (Modolo et al., 2005).
The most recent census of Gibraltar’s macaques (2005)
estimated the population at 219, divided among 5-7
groups (Perez and Bensusan, 2005). The Gibraltar
Ornithological and Natural History Society (GONHS)
is responsible for the daily management of Gibraltar’s
macaque population. GONHS traps macaques ran-
domly throughout the year in order to screen for disease,
administer antiparasitic medication using 1% ivermec-
tin IVOMEC™, Merial) and insert identifying micro-
chips. GONHS also has attempted to limit the growth of
the macaque population by implanting subcutaneous
hormonal contraceptives in females that have success-
fully reared offspring.

Gibraltar’s macaques reside in the Upper Rock
Nature Reserve and have, over the years, become a
major tourist attraction, with an estimated 800,000
tourists visiting the Reserve annually from around the
globe (Perez and Bensusan, 2005). Though the local
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Tourist Board, through GONHS and the Gibraltar
Veterinary Clinic, has erected signs that explicitly
prohibit visitors from feeding macaques many visitors
do offer food to the macaques, and some visitors use
food to lure macaques onto their head or shoulders
(Fuentes, in press).

Previous work on disease transmission between
humans and macaques in Asia suggested that transmis-
sion of infectious agents both from human-to-macaque
and from macaque-to-human occurred in contexts when
humans and free-ranging macaques came into contact
(Engel et al., 2002; Jones-Engel et al., 2001, 2004,
2005a,b). It is hypothesized that macaque bites and
scratches as well as mucosal contact with body fluids
can lead to cross-species transmission. Additionally,
vector-mediated transmission of Plasmodium knowlesi
from macaques to humans has been documented
(Sing et al., 2004; Jongwutiwes et al., 2004) where
humans are commensal. Contact between macaques and
humans in Gibraltar raises the possibility that cross-
species transmission, including vector-mediated trans-
mission, can occur in this setting.

Parasitic lice belong to the insect order Phthir-
aptera, which includes the monophyletic suborder
Anoplura known as the sucking lice. Sucking lice are
common parasites of nonhuman primates (Fiennes,
1967) and are usually passed from host to host through
a hair bridge (Georgi and Georgi, 1990) which they
grip using distinctive pretarsal claws. The size of these
claws may be related to the diameter of the host’s hair
shaft, and is a factor in maintaining host-specificity of
some species of sucking lice. Pediculus spp. infests
humans and New World nonhuman primates, but is
only known from chimpanzees (Pan spp.) among the
Old World primates. There are 14 species of Pedicinus
that parasitize Old World monkeys, amongst which P.
albidus was first characterized by Rudow in 1869 as a
parasite of M. sylvanus in Morocco (Rudow, 1869)
and was later reported by other parasitologists
collecting samples from captive M. sylvanus in
European zoological and museum collections and in
free-ranging populations in Northern Africa (Durden
and Musser, 1994; Ferris, 1951; Kuhn and Ludwig,
1967).

Pediculosis in domestic animals may be asympto-
matic. More severe infestations can cause significant
pruritus and produce alopecia and dermal irritation. A
generally unthrifty appearance, rough coat and lowered
production in farm animals are common. Extreme cases
of anopluran infestations can cause anemia (Aiello,
1998). There are no reported symptoms of pediculosis
in the cases among nonhuman primates in the literature.

This may be due to the fact that affected animals were
treated before symptoms developed.

The treatment of lice infestations in laboratory
colonies of nonhuman primates has previously been
described. Pyrethroid shampoo or ivermectin at 0.2 mg/
kg SC, repeated at a 14-day interval have been equally
effective in the treatment of rhesus macaques infested
with P. eurygastar (Mader et al., 1989).

2. Methods and materials

Over a 4-day period in June of 2004, as part of
ongoing research into cross species transmission of
infectious agents between nonhuman primates and
humans, 40 M. sylvanus were trapped, sedated,
examined and then recovered and released back into
their natural groups. Study and data protocols were
reviewed and approved by the University of Washing-
ton’s Institutional Animal Care and Use Committee
(3143-03).

On day 3 of data gathering a louse was found in a
fecal sample as an incidental finding, and subsequent
physical examinations of trapped and sampled maca-
ques (less than 20) included a specific search for lice
using a lice comb.

Lice were preserved in 100% ethanol and examined
microscopically by a trained parasitologist (Smith).
Selected specimens were prepared for non-destructive
DNA extraction and the exoskeletons were slide-
mounted as vouchers using the protocol outlined in
Cruickshank et al. (2001). Identification was confirmed
morphologically by reference to specimens loaned from
the collections of the Natural History Museum, London,
and by reference to the original taxonomic descriptions
of Pedicinus species in Ferris (1934).

3. Results

On the 3rd day of the study, during a fecal
examination of an adult female macaque, a virtually
complete adult louse was identified (Fig. 1). Subse-
quently, adult lice were detected on the fur of several
additional animals. No pathologic sequelae, including
anemia or secondary infection, were noted in the
infested animals. Three of the live lice were removed
from the macaques and preserved in 100% ethanol.
Morphological examination of the lice in comparison to
reference specimens held at the Natural History
Museum, London, revealed that they were Pedicinus
albidus (Rudow), a species almost identical to P.
longiceps (Piaget), and P. hamadryas (Mjoberg), except
for the female sub-genital plate, which is considerably
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Fig. 1. Unmounted adult female specimens of Pedicinus albidus collected from a free ranging macaque (Macaca sylvanus) in Gibraltar. Arrows
highlight the three paratergal plates and a large crescent-shaped subgenital plate that together with the louse’s size, distinguish this specimen from

other species of Pedicinus. Scale bar 0.5 mm.

smaller and not deeply emarginated. The specimens
were readily distinguished from P. eurygaster (Burme-
ister), another species of Pedicinus present on Macaca
sp. on account of their larger size (P.albidus is
approximately 1 mm longer than the 1.5 mm total
length of P. eurygaster) and by the presence of three
distinct pairs of paratergal plates on the abdomen (P.
eurygaster has just two pairs, see Fig. 1). Confirmation
of the identification was made with reference to a key
for the species of Pedicinus in Ferris (1951). Two adult
female specimens (one slide mounted in Canada balsam
and the other in 100% ethanol) have been deposited in
the collections of the Natural History Museum, London.

4. Discussion

Vector-borne transmission of disease from humans
to nonhuman primates has been previously suggested in
a number of contexts (de Thoisy et al., 2004; Bryant
et al., 2003; Wolf et al., 2001). Since physical contact
between Gibraltar macaques and humans is common, it
is important to consider the zoonotic potential of this
parasite. Although Pedicinus is a sister taxon of the two
genera of lice that parasitize humans (Pediculus and
Pthirus) (Reed et al., 2004), persistent infestation of a
human is unlikely because human scalp hair is
potentially unsuitable for Pedicinus and because
humans generally have far less body hair than nonhu-
man primates. Notwithstanding, it is conceivable that a
P. albidus louse, finding itself on a human, would
indulge in a blood meal.

There have been no reports of transmission of
rickettsial diseases by lice from nonhuman primates to

humans or visa versa (Toft and Eberhard, 1998). The
significance of P. albidus infestation among Gibraltar’s
macaques is unknown. Though no sequelae were
detected among the infested individuals, deleterious
effects could not be ruled out based on the data
gathered.

In an effort to control the louse problem among the
populations of Barbary macaques the animals are being
treated with oral and injectable formulations of
ivermectin (Merial), 0.2 mg/kg. However, the fact that
the Barbary macaques are free ranging means that it is
virtually impossible to treat all the animals at the same
time. Despite repeated attempts with oral ivermectin
(IVOMEC® , Merial) injected into fruits or biscuits) and
an ongoing trap, treat and release program the louse
problem remains constant.

Uncited reference
Fuentes (2006).

Acknowledgements

The authors wish to thank Charles Perez, Dale
Lageua, Damian Holmes, and Keith Bensusan of the
Gibraltar Ornithological and Natural History Society
and the 2004 Notre Dame Gibraltar Field School Team
for facilitating this research.

References

8th ed.Aiello, S.E. (Ed.), 1998. The Merck Veterinary Manual, 8th
ed., Merck & Co., Whitehouse Station, NJ, p. 3505.

doi:10.1016/j.vetpar.2006.12.008

Please cite this article in press as: Cohn, D.L. et al., Pediculosis in Macaca sylvanus of Gibraltar, Vet. Parasitol. (2007),

187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

204
205

206
207
208
209
210
211

212
213
214


http://dx.doi.org/10.1016/j.vetpar.2006.12.008

214
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

+ Models
VETPAR 3861 1-4

4 D.L. Cohn et al./Veterinary Parasitology xxx (2007) xxx—xxx

Bryant, J., Wang, H., Cabezas, C., Ramirez, G., Watts, D., Russell, K.,
Barrett, A., 2003. Enzootic transmission of yellow fever virus in
Peru. Emerg. Infect. Dis. 8 (9), 926-933.

Cruickshank, R.H., Johnson, K.P., Smith, V.S., Adams, R.J., Clayton,
D.H., Page, R.D.M., 2001. Phylogenetic analysis of partial
sequences of elongation factor identifies major groups of lice
(Insecta: Phthiraptera). Mol. Phylogenet. Evol. 19, 202-215.

de Thoisy, B., Dussart, P., Kazanji, M., 2004. Wild terrestrial rain-
forest mammals as potential reservoirs for flaviviruses (yellow
fever, dengue 2 and St. Louis encephalitis viruses) in French
Guiana. Trans. R. Soc. Trop. Med. Hyg. 98 (7), 409-412.

Durden, L.A., Musser, G.G., 1994. The sucking lice (Insecta Ano-
plura) of the world: a taxonomic checklist with records of mam-
malian hosts and geographic distributions. Bull. Am. Mus. Natl.
Hist. 218, 1-90.

Engel, G.A., Jones-Engel, L., Schillaci, M.A., Suaryana, K.G., Putra,
A., 2002. Human exposure to herpesvirus B-seropositive maca-
ques, Bali Indonesia. Emerg. Infect. Dis. 8 (8), 789-795.

Ferris, G.F., 1934. Contributions towards a monograph of sucking lice.
Part VII. Stanford Univ. Publ., Univ. Ser., Biol. Sci. II, 471-526.

Ferris, G.F,, 1951. The sucking lice. Memoirs Pac. Coast Entomol.
Soc. 1, 1-320.

Fiennes, R., 1967. Zoonoses of Primates. Cornell University Press,
Ithaca, p. 190.

Fuentes, A., 2006. Human culture and monkey behavior: assessing the
contexts of potential pathogen transmission between macaques
and humans. Am. J. Primatol. 68, 880-896.

Georgi, J., Georgi, M.E., 1990. Parasitology for Veterinarians, 5th ed.
W.B. Saunders Company, Philadelphia, p. 460.

Jones-Engel, L., Engel, G.A., Schillaci, M.A., Babo, R., Froehlich,
J.W., 2001. Detection of antibodies to selected human pathogens
among wild and pet macaques (Macaca tonkeana) in Sulawesi
Indonesia. Am. J. Primatol. 54, 171-178.

Jones-Engel, L., Engel, G.A., Schillaci, M., Froehlich, J.W., Papu-
tungnan, U., Kyes, R., 2004. Prevalence of enteric parasites among
pet macaques in Sulawesi Indonesia. Am. J. Primatol. 62, 71-82.

Jones-Engel, L., Engel, G., Schillaci, M., Rompis, A., Putra, A,
Suaryana, K.G., Fuentes, A., Beer, B., Hicks, S., White, R.,

Wilson, B., Allan, J., 2005a. Primate to human retroviral trans-
mission in Asia. Emerg. Infect. Dis. 11 (7), 1028-1035.

Jones-Engel, L., Engel, G.A., Schillaci, M.A., 2005b. An ethnopri-
matological assessment of disease transmission among humans
and wild and pet macaques on the Indonesian island of Sulawesi.
In: Patterson, J., Wallis, J. (Eds.), Primate Commensalism: The
Primate-Human Interface. pp. 196-221.

Jongwutiwes, S., Putaporntip, C., Iwasaki, T., Sata, T., Kanbara, H.,
2004. Naturally acquired Plasmodium knowlesi malaria in human,
Thailand. Emerg. Infect. Dis. 11 (12), 2211-2213.

Kuhn, HJ., Ludwig, H.W., 1967. Die Affenlduse der Gattung Ped-
icinus. Ztschr. Zool Syst. Evolutionsforschung 5 (162), 144—
296.

Mader, D.R., Anderson, J.H., Roberts, J., 1989. Management of an
infestation of sucking lice in a colony of rhesus macaques. Lab.
Anim. Sci. 39, 252-255.

Modolo, L., Salzburger, W., Martin, R.D., 2005. Phylogeography of
Barbary macaques (Macaca sylvanus) and the origin of the
Gibraltar colony. Proc. Natl. Acad. Sci. 102, 7392-7397.

Perez, C.E., Bensusan, K.J., 2005. Upper Rock Nature Reserve: A
Management Action Plan. A Gibraltar Ornithological & Natural
History Society Publication, Gibraltar.

Reed, D.L., Smith, V.S., Hammond, S.L., Rogers, A.R., Clayton, D.H.,
2004. Genetic analysis of lice supports direct contact between
modern and archaic humans. Plops Biol. 2, e340.

Rudow, E., 1869. Einige neue Pediculinen. Zeitschrift fiir die gesamm-
ten Naturwissenschaften (Halle) (N.F. 2) 34, 167-171.

Sing, B., Sung, L.K., Matusop, A., Radhakrishnan, A., Shamsul, S.S.,
Cox-Singh, J., Thomas, A., Conway, D., 2004. A large focus of
naturally acquired Plasmodium konwlesi infections in human
beings. The Lancet 363, 1017-1024.

Toft, J., Eberhard, M., 1998. Parasitic diseases. In: Bennett, T., Abee,
C., Henrickson, R. (Eds.), Nonhuman Primates in Biomedical
Research. Academic Press, San Diego, pp. 111-206.

Wolf, N.D., Kilbourn, A.M., Karesh, W.B., Rahman, H.A., Bosi, E.J.,
Cropp, B.C., Andau, M., Spielman, A., Gubler, D.J., 2001. Syl-
vatic transmission of arboviruses among Bornean orangutans.
Am. J. Trop. Med. Hyg. 63 (5-6), 310-316.

doi:10.1016/j.vetpar.2006.12.008

Please cite this article in press as: Cohn, D.L. et al., Pediculosis in Macaca sylvanus of Gibraltar, Vet. Parasitol. (2007),

252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290


http://dx.doi.org/10.1016/j.vetpar.2006.12.008

	Pediculosis in Macaca sylvanus of Gibraltar
	Introduction
	Methods and materials
	Results
	Discussion
	Uncited reference
	Acknowledgements
	References




