Rock Hyraxes and Cutaneocus Lelshmaniasis

in

Ethiopia

A Thesis Submitted
Lo
The Srehanl nf Graduate Studiles
Addls Abaha University

In Partlald TFulfilinent of the dequircments
for the Derreo of
Master of Science in Bicl-oy

by

Asrat Hailu

VJune, 1987



ACKNOWLEDGEMENTS AR UUCEE S S S A PR

Thanks ave Jdue to my adviscor, fr. David dumber and ko his wife,
Tschay Atlaw who were helpful fn Ldentifying the project, datna

interpretation and preparavicon of rhe manuscript.

I am also zrateful ©o Dr. Yohannes Nepesse of the Armauer Hansen
Rescarch Institute for his Invaluable help wich the histclogy.
Many thanks also oo to Ato Tesfaye Getachew who was extremely
helpful In bHoth the filield and the lahoratory, His friendly and
helpful attitude 1s unforpettabhle. Thanks are also due tn Dr.
Getachew Tilahun of the Institute of TPathohicloey and his
colleagues who have hoen vory cenerous in allowinzg me £ use
their facilitics., The 1nitial phasce f this wark was finmanced
by the Institute of Pathobioslony and I again thank Wr, Tekle-

mariam Ayele.

Professcr Jonathan Kingdon and Dr., Bick Ashford deserve special
thanks fur thelr help Jdurinn thelr brief stays In Ecthi.pia. The
experiments on sandfliecs would nost have been possible without
tha cooperation of Dr, T:ferd Gemetchu snd Ato Worku Negash whao

kindly rrovided laboratoery rearcd sandflies.,

The leishmanis parasites uscd in this study were kindly donated
by the Armauer Hansen Research Institute and I would like to
thank the directnr, Dr. Roelf Xisselinp, Dr. Gennene Mengistu,

Atn Alemayehu Kifle, Hiwot G/mariam and Ac: Amare CGesscse.

I must also thank Ato Hallu Birxrle fr allowing me to use their
Iabosratory cquipments, W/t Tsise Menpistu for her help in
preparing the graphs; Ata Abebe Menkir for his valuable dilscuss-
fons; Abo Asres of ILCA for the trips we made topether to Debre
lerhane. At Debre RDerhane I thank Dr. Mohammed Bekri and his
family for looking after the hyraxes I captured in that area.
The animals in the study were well cared for by Atn Girma

Kebede.



¢ T [ ‘et
Cte T A CUTL e
! ’ . ‘ feed <r Lid oo r
i ; TS I PR
‘ IS 3 il i
'
[ '

Hy sincere thanks are due o all whe shared. thelyr. sympathies |

with me durin: the har?! times.

Finally, T thank The Ethioplan Wildlife¢ and Consgervation
Orsanlstation for the pexmit o trap hyraxes and SAREC who

supported tho study flnancially,



ABSTRACT

Seventy rock hyraxes »f ithe gencra Frocavia and Heferohyvax werve

trapped from CL endemic (18) and nin-endemic axeas (52,

Narural dnfcetdion with Lelshmania aethicpica were unnt [ound

elither on smear or culture from noses or cars of captured
animals. Experimental infections were initiated in 26 hyraxes,
3 baboons and a griver monkey. Taoculation <f hyraxes reosulted
in either occult symptomless infections, »r fallure ko askablish
an infection. Two of the babocns ans! rthe grivet monkey proved
to be susceptible and produced clinical lesions fellewling
infection. Cultures of hyrax macxsphages were made and success-
fully infected with L. acthlcpica prumasticotes,.

Dolayed type hypersensitivity reactinsns were measurced hy skin
testing and werxe siwvnificantly hisher in dnfeceted animals and
animals immunilsed with leishmania, when comrared to unlnfectaodd
animals. However, skin test responses could wnly be elicitad
with a dose seven tiwmes higher than that routinely usad in

humans. DTH lesicsns were never erxrythematous,

Normal serum »f hyraxes caontalns both natural apglutinins and
cytotoxie facktors although these were lower than thogse found iIn
man and other animals. The dircct appglutination assay showed
that antibedies to ledlshmanila promastizsotes propgrassively
increase following Infection. It 1s possible that this assay
could bhe used for cpldemiclonplecal detection of infecectlions 4n
wild hyraxes. Cytotoxile antibodies could not be demonstrakted in
hyraxes after infection altheugh they wevre preduced following

artificlial Iimmunisarion.

Sandfly biting experiments 4id not reveal any Iinfecetions
although they 11id reveal that the eyelids, nese, lins and

nostrils were commou feeding sites,
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INTRODUCTION

The leishmania parasite that most commenly couses cubtaneous
leistimaniasis (CL) in Ethiopla Is Lelshmania aethiopica. The

disease 1s known to be zoonotle amcnp the rvock hyraxes of two

specles, Procavlia habessenica and Ueterohyrax brucel (Ashford,

et al., 1973). Man Js normally iInfected only secondarily,
Transmission is by two specles of Phlebotomine sandflles-

Phlebotomus longipes and P.pedifer (Foster, 1972; Ashford et

al,, 1°%73), These sandflies are highland specles {(Ashford,-
1977). Also the disecase 1ls the allment of highlanders of
Ethlopila., Although L. aethioplca 1s the parasite responsible
for most CL in Ethlopla, other leishmania parasites could well
be responsible for fhe hirherto undescribed cutaﬁeous leslons
especially in the lowland areas. For Instance, the exlstence of
L. major has been reported from Ethiopla (Personal communication

from D. Humber).

Cutaneous disease due to L. aethioplea has many unique epidemio~
loglcal features (Lemma et al., 1969 Bray et al., 1973;
Ashford et al., 1973; Ashford, 1977) including:

a) unlike most other specles of leishmania the host reservolrs
of L. aethjopica are not rodents or dogs but members of the

famlily Procavidae In the order Hyracoidea.

b) The 1Insect vectors are two specles of highland sandflies
which have not been reported elsewhere to be vectors of

leishmanlasls, except in mount Elgon Kenya (Mutinga, 1%75).

¢) The parasite shows marked resistance to the conventional
antimony compounds used for treating other types of

Leishmania (Bray, et al., 1673)

A

d) The disease has two polar types, localized self-healing
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culaneous lelshmanilasis (LCL) and diffuse cuibaneous
leishmaniasis (DCL) associated with a speclfic immuno-

loglcal unrespounslveness o leishmanial antigens.

The cpldemiology of CL in Kthiopla is governed by the conventio-
nal four factor complex: the vector, the natural tht, man and
the environment. It is restricted to highland areas between
1700 and 2700 meters which recelve an annual rainfall above 800
mm. (Ashford, 1977). Although the anlmal hosts, hyraxes, are
nott limited by altitude the sandflies are, since they are
strletly highland specles occupylng diverse hablitats within this
attitudinal range (Ashfoxd, 1977).

The exact distribution of CL within the highlands of Ethiopla is
not well known although ik has been reported from nine of fhe 15
administrative regions of the country. Much of the Informatlon
concerning the epldemiology of CL has been obtalned f{rom
studying a number of eéndemic foel that have been described such
as Ocholo, Aleku, Kutaber and Meta Abo (Sebeta). It is apparen-=
tly restricted to rural areas,‘although a small micro—-focus 4is
present at the frlnges of Addis Ababa (unpubllished observat-

lons).

Batural L. aethiopica Infections are almost enktirely restricted
to three genexa of the order Hyracoldea with a slingle report of

this parasite being isolated from the Glant Rat, Criceromys sp.

(ttutinga, 1975). In addition experimental infections In
labeoratory rodents has been unsuccessful and clinical lesions
have only been produced in primates such as baboons and vervet
monkeys and the Golden Mole rat {(Lemma and colleagues unpublish-
ed results; Ashford, 1977). This apparent narrow specificity of
L. aethiopica to hyraxes may be considered as an Iindicator of an
old system Iin which the co-evolution of both host and parasite

are reflected.



There are a number of criterla which determine the zoonotlic
potenktlial of rescrvoirs of Lelshmanlasis in the Old World (Bray,

1983):

a) constant contact with man via the vector,

b) good presentation of the organism to the vector,

¢) intimate contact with the vector,

d) ma joxr source of blood meals for the vector, and

e) chronic susceptiblility and a conslderable infection

rate (greater than 10%).

The rock hyraxes In Ethlopla fulfill many of the above criteria.
They have an infeetion rate between 13 and 20% (Ashford, er al.,
1973; Ashford, 1677 and Bray, 1%983), they appear to have a
chronic symptomless infection and live {in intimate contact with

both sandflies and man.

In order to develop an effective control programme for leishman-
lasis it 1is wvital that the bloclogy of the host reservoilyry, the
hyrax is studiled. Todate there 1s ldittle information regarding

the ccology, biology and behavior of hyraxes in Ethiopia

Distribution, Life History and Taxonomy of the Hyracoldea.

Hyraxes belong to the order Hyracoldca in which two extinct, and
one living families are found. There 1Is a single extant family,
the Procavidae, whieh 1s comprised of three genera -~ the rock

hyraxcs (Procavia and Heterohyrax)and the tree hyraxes (Dendro-~

hyrax). The order 1is consldered to have cvolved in Africa
sometime before the 0Oligocene (Walker, 1975) and they now cover
a large part of Africa, Arabia and the Medilterrancan regilon
(Walker, 1975; Kingdom, 19713 GCorbet, 197%9). Hyraxes are found
In a wide vardeky of habitats and altitudinal ranges (above
4650m on Mount Kenya to sea level),

The rock hyraxes present considerable taxonomic problems within

the genera since they are comprised of allopatrie forms due to
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the hiph degree of variation resulting from the isolation of

habirats within Africa (Corbet, 1979).

There are two genera of vrock hyraxes 1In Ethiopla which are

represented by Procavlia habessenica and Heterohyrax brucel. :The

former 1s the larger of the two, its taxonomle posltleon 1is at
present confused and Ashford (1977) conslders that 1t includes
more than one specles. Corbet (197%) recognilzes subspecifilc
ranks for the genus Procavia for what he conslders conspeciflic
vardants in whieh reproductive Isclation has not been described.

The speeific ranks used In hls reference Is Procavla capensis to

which Procavia habessinica and others are assligned to sub=-

speciflec ranks. All the members In the pgenus found In Afrlca or
elsewhere are placed in thils same speclifle taxa by Walker
{(1975). In contrast four distinct specles are recognised by
other authorities such as Kingdon (1971). These are P ruficeps,

P. capensls, P. habessjinlca and P, johnstonl. In addltion,

Ashford (1977) identlfies a third specles together with Hetero-

hyrax bruceld and Procavla habessinlca at the Bale mountalns

where he observed a varliant which has been assigned a sub-

specific rank (P. capensis capillosa ) by Corbat (1979). As can

be seen there 1s conslderable confusion and disagreement
regarding the taxonomy of hyraxes within the genwus Procavia.
There 1s, therefore, an urgent neced to apply modern taxonomie

methods to thls group In order to clarxify the sltuation,

In the genus Hetkterohyrax elght subspeciles have been recorded by

Kingdon (1971), although Walker {1975) recopnlzes six specles

wlith Heterohyrax syrlacus as the type specles of the genus.

Kingdon (1971) gave the followlng list of subspecles with H.

bruced:



H. b. bakerl B. b, munzncri

Heb. kempi . b, pritewirzi
B, b, hindel (albipes) o L. songeac
H. b, dicsneri H. b. ladevanni

The members of the genus Heterohyrax, 1ike those of Procavia,

exhibit allopatric variation (Corbet, 1979)

Although the life style of the hyraxes is similar to many
radents 1t 4is Iin fact related to the ungulate mammals, Fossil
gvidence shows that they ave direct relatives of the Probosci-
deans (Sale, 1%70) and because of biological characrterilstices
such as a wvery long pgestation perlod, they are thought to have
evolved from a much larger ungulate stokk. Sale (1966a)
counslders that the elephant 1s the largest, and the hyrax the
smallest members of this evolutlonary llne who had a common
ancestor {n the Late Eocene. The hyraxes remalned plantigrade
and left the plains for rockier habltats which provided protect-
ion from predators. This change of habitat was accompanied by a

reduction Iin body size.
Habitat, labits and Adaptlive Features

Rock hyraxes are largely diurnal and arxe not fossorial, but
inhabit cavitics and rock crevieces in rocky outecrops, cliffs and
boulders of roek formations, mountains and ecscacpments. Select-
ion of sultahle colony sites appears to depend on a vardety of
biologicai requirements, I1ncluding, protection from predators
and shelter from severe cllmatlc condlitions. A feature of hyrax
colonies 1s that they avold isclated holes and prefer cavlities
and holes which interconneet and have relatively narrow entran-
ces to provide protection from predators (Sale, 1966Db). In
addition thce caves and crevices provide a stable microcllmate
for the hyrax which has a woor thermorcgulatory system.

Although hyraxes occur in habltats with a wide temperature range
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(=5°C to over 41°C) their cave Lemperarture only ranges between

about 39C and 10°C (Sale, 1%66h)

While providing an 1deal habirtat for the hyrax the system of
interconnecting tunnels makes Investigations of sandfly breeding
sites, colony size and behavieoral studies extremely difficult,

Members of Lthe genus, Heterohyrax have undergone a secondary

adaption to arboreal life. This 1s especlally truc Lln parts of
Etniopla (e.g. Zway and Aleku) where H. bruceil live entirely in
lJarge trees and are independent of rocky habltat (Ashford,

1977). The tree hyrax, Dendrobhyrax, leads an arboreal life

completely Independent of rock shelters bubt is belilceved to have

evolved from Heterohyrax (Kingdou, 1971). Cavities, rock

crevices, and holes not only provide suirable habitat for
hyraxes but also for rhe sandilles, and 1Iin highland areas
hyraxes are probably the main blood meal sources for P. pedifer
and P. longipes (Ashford et al.,, 1973).

e - Sl Sivaiioy

Both Heterohyrax and Procavia dilsplay similar ccologleal

characfteristics living in colonies and might cven co—exist
exeept that Heterohyrax has the abllity to use more heavily
vegetated, smaller rock forwmations and trces (Ashford, 1977

Klngdon, 1971).

Some of the adaptive features in hvraxes include the dorsal
glandular spot whiech has both sccial and reproductive funetilons
(Sale, 1970); and the camouflagian hody colorations for escape
from predators. The pilnnae of the ears are small and the soles
of the feet have a specilal clinging power, Talls are vestipial;

the body 1s covered by lonpg tactile halirs,

The vernacular name for the Hyrax in Ethiopila 1s "Shikoko" which
according to Bruee In 1790 (cdted by Sale, 1970) 1s derived from
the word for thorn "“Adshok™ representing the long herinaceous

hairs on the fur otf the PByrax. An alternative derivation 1s from



the word "“"Shikuk"” (Hide and scok) which amply describes thelr

Life style.

Feading

Feeding In hyraxes {s & very fast and intensive process and is
mostly a proup activity with a pattern and periodielty that
helps to avold predation (Sale, 1%966a). Feedding 1s also
normally confined ko areas very close to shelter in which refuge
can be Eaken. The continuous threat of predation has resulted
in modest feed requlrements, and hyraxes can survive in rela-
tively dry areas with poor vegetation. This low food Intake iIn
hyraxes is aupmented by decreased activity and compensatory
activitlies such as sunbathlng. Hyraxes are generxally cathollc
in thedir food selection and if a food 1s regularly taken 1t is
normally because it is locally abundant (Sale, 1%606a; Kingdon,
1971y, for example, at Zway and Ocholo hyraxes regularly feed on
£1ly leaves as these trees are relatively common, As far as 1is
known hyraxes do not chew the cud, accumulate food reserves,

refect or exhibit coprophagy (Sale,l%66a; Walker, 1975),

Thermoregulation

Thermoregulation is poorly developed in hyraxes and the young
are.espeelally thermosensitive (Sale, 1965; reviewed by Sale,
196%) and both adult and young hyraxes regularly sunbathe
outside thelr caves, In captivity mertality due Eto both hyper
and hypothermia is very high. This is ¢speeially true for young

animals and the smaller specles in the genus Heterohyrax. Since

sweat glands are absent in hyraxes (Kingdon, 1971) temperaturec
regulartion can presumably only be achieved through panting,
changes In coat thickness (through the errector plli muscles
attached to the halr follicles) and behavioral aetlivitles such

as sheltering and sunbathing.

Reproductive Functlons and Coelony Slze

The reproductive adaptability and plasticity in hvyraxes 1Is
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thought ko have significantly contributed to thelr widesprcad
distributlon in Afrieca and the Middle East (Sale;, 1969), The
Ciming of birth appears to be adjusted depending on environ-
mental factors such as availability of food and amblent tempera-
ture (3ale, 196%). The gestatlon perlod of hyraxes 1s long
ranging between 28 and 30 wceks and the youny have a high birth
welght (Walker,1975: XKayanja and Sale, 1973). Although the

average liltter slze for both Procavia and Heterohyrax 1is two

(Kayanja and Sale, 1973), Ilitter sizes up to six have been
recorded (Walkexr, 1975), Hyraxes are relatively long lived with
a life span in excess of 7 yecars during which time they may

attain 2 body weight of over 4 kgs.

Since hyraxes spend a pgreat deal of their time in small under-
zround caveg, estimaclion of colony size 1s difficult. Estimates
#lven by various authors are variable, for example, 5 to 50 is
#iven by Walkerx (1975), and 25 to 60 by Kingdon (1971). This 1s
not only a reflectlon of the variations of colony size, but also
the difficulty of carrylng out accurate counts, Colony size
might be expccted ko vary considerably depending on the specific
ccological sctup of the rocky habikats or the Iinhabltation of

flg trees by Heterohyrax which plays a part 1in determining

colony size in Ethlopia.

Ecologlcal Importance

Rock hyraxes make up part of the grazing/hrowslng trophic level
in a relatively unoccupled niche of rocky habitats. Among the
ungulates, only the Klipspringer depends on this habitat
(Klagdon, 1%71; Sale, 1965; reviewed by Sale, 1970). Hyraxes
also makeup one of the major food sources for a variety of
carnivores such as leopards, pythons, weasels, mongooses, foxes,
etc, 1iving in rocky habitats {(Walkexr, 1975; 35ale, 1966b, 1969).
In additlon, avian predators like the eagles and other birds of
prey also feed on them. Wherce the balance between predators and

hyraxes i1s disturbed as has happened in parts of South Africa,
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hyraxes have become apricultural pests (ingdon, 14%71; Sale,

18069).

liyraxes have thick fur and support ectoparasites such as lice
and fleas and it is poessible that they may play a role 1n
disease transmission since hyraxes are known to be susceptible
to bubonic plague (Kingdon, 1971). Other Insects also depend on
hyraxes for blood meals, especlally sandflies. Ashford (1974,
1977) reported capturing 9 species of sandflies from hyra=x
CAVOS., This assocliation between sandflies and hyraxes provides
the basls for their role as animal reservolrs for cutaneous

Lelshmanlasis In Ethiopla,.

General remarks and aims

The Interactlon hetween L. acthiopica and the rock hyraxes has
resulted In a paraslitic system whose nature of Interxaction Is
described only from the theoretical point of view, The patho=-
logy and 1mmune rosponscs of Infectlons In these hosts, and
therefore the fate of the paraslte in this system are not well
known. The degree of susceptibillity of these animals and the
extent to which parasltes are presented to the vectors 1iIs also
unélear. It is well known that e¢hronie susceptibility encoura-
ges long-lived patent Infectlons In the host ¢nsuring trans-—
misslon of the parasite form host to host, This 1s true for
host-parasite systems Iin which equillibrium has been established
and the host experfences minimal damage or pathology (Moulder,
1274). Cutancous lelshmaniasis,; as a disease In man, is =
reflection of, and manifested by the accompanying immune

phenomenon.

The nature of immune responses and the resulting immuno-patho-
loglcecal processes in chronlce infections of wild animal rescor-
volrs has been poorly studied, In L. acthlopica Iinfections no
sultable animal model has so far becn described.‘It Iinfects the

hamster only with d4ifficulty and mice noil at all (Bray et al,,
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1973) although Childs e¢r al., {(1484) demonstrated symphtomless
Infectlions in 12 srrains of iobroed mice. In the wild, where an
intimate host=parasite volatdiensnlp wxists, animal leish-
manlasis, 1ncludinyg Ethiopian CL, prescnts itself morxe as an
oecult infecction than as a dlscasce (Mauel and Behin, 1682;
Ashford et al.,, 1973; Lemma et al., unpublished data), In
Ethlopla the absence of active lesicns orxr ulcers in wild caught
hyraxes from e¢ndemle areas 1s suggestive of a stable host-
parasite relationship-free from lmmunopathological consequences.
An understandlng cf the Immunologlcecal basis underlying the

natural susceptibility and subelinical infectlons would help to:

a) assess diagncstic methods {n determining natural Iinfeer-

{fon rates dn the wild,

b) provide data on leishmania infeetions 1in the animal
rescrvolr so that comparisons can be made with the infeet-

ion in man.

The aims of this study are to capture hyraxes from areas endemic

arnd non-endemic for cutaneous leishmanlasis and to:

a) Study the Dbiliology parameters of hyraxes so as Lo
provide the beginnings of a data Dbase on hyraxes 1n

Ethiopia.

b) Study the differences In immuns responsces bhetween

hyraxes from endemic and non-endemle arcas.

c) Initlate experimental infections in hyraxes in order
to determine the fate of L. aethiopica pavasites in
these andimals and to study the way In which the immune

system of hyraxes responds to these Infections,

11



CHAPTER XX

MATERTIALS AND METHODS

12



MATERIALS AND METHODS

Study Areas: Areas endemic and non-endemlc for cutanenus lelsh-
manlasis were chosen for the study Includlng, Schbeta (endemic),
Addis Ababa (probably non-endewmic), Debre Berhan (endemie) and
Wef Washa (non-endemilec) 1n Shoa and Ocholo (endemlic) and Konso

(non-endemic) Iin Game gofa.

Anlmal Trapping: Locally made snarc traps and commercially made
live traps were sat at the entrances of caves, rock holes orx
tree burrows, and at feedlng grounds, The types of traps used

Is shown below:

Harvart txap (Ossining, USA)
Tomahawk trap (USA)

Spring loor trap {(make unknown)
Hellow wooden traps {France)

Stecel wire snares (Locally made)

The most effectlve method of capture was unbaited steel wire
snareg traps used by frhe local pecple and most of the animals
used In this study wexe captured using them. Commerclally
manufactured, and halted traps were much less successful and no
hyrax were captured in ecither the Harvart traps or the Hollow
wooden traps and only onc hyrax in each of the other makes.
However, snare traps cccasionally killed or injured'the hyraxes.
Animals were also captured by hand and also flushed iInto traps
uslng smoke cartridges (Tradoc, U.K,). In generxal; baiting wvas

unsuccessful and no bait was ldentlfied that attracted hyrax.

After capture all anlmals were sexed, welphed and given 1denti-
flicatlion ear tags. The animals were examined for the presecnce
of ectoparaslites and then treated with a dip insecticlde

{(Asuntol, Germany).
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Maintenance of Hyrax: Initizl experience with borh large (7m X
2m) and small outdoor cages showed that thesc were unsuitable
for madintenance of hyraxes sinee the death rate after capture
was axceedingly bigh, Subsequently, all aunlmals were kept
indoors in heatcd rooms malntalned at between 18 and 250C forx
the highland Procavia and between 25 and 320C for the lowland

HHeterohyrax. During the day cages were often taken cutside and

placed in a sunny locatlon so that animals could sunbathe, The
regular fced was cabbage, supplemented with french beans,
carrots, and ovecaslonally grass., Initially drinking water was
vrovided but since animals were never observed drinking this was
discontinued (except when young were bormn). However, desplte
this, coplous urine was produced (presumably from the large
quantities of cabbage consumed = approximately 12 kg per hyrax

per week).

Once animals were subjected to laberatory Infection, thelr cages
were covered with a fine mesh ecloth In order toe avold any

uncontrolled transmission between animals and Lo humans.

Parasitology: All animals werc screened for infection with

endoparasites.

a) Peripheral bleood films werce stalned with Geimsa and
examined for the prescnce of hacmo-parasites,

b) Fecal pellets were processed accoerdling to the methods
described in Tcchnical bulletin Wo. 18 by the HMinistry of
Agriculture, Tilsherics, and Food Development, London (un-~
dated). Feecal ecultures were set up to study the thirxd
stage larvae of nematode Infections, although unsuccessful,

c) Normal skin from the bare patches on the nose and ear were-
sterilized with 70% alcohol and smears and samples for
culture were taken with a 23 gauge ncedle (Hendrilcks, et
al,, 197%9) and either fixed and stained with Celmsa or

Inoculated into NHNN wmedium., Cultures were Incubated at
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24%C and e¢xamined weekly for 4 wecks beforc discarding.
flematology: Haemcplobin levels were determlned using Sahli’s
{(Acld Hewmatin) method (Palla and Mehta, 1982), Total white ccll
counts werce made and differential ecounts performed on Glemsa

stalned preparations.

Histology: Skin blopsics were taken from normal skin, Inoculated
sites and skin test sites usding a 3 mm bilopsy punch (Baker-
Commins, USA). Necropsles were also uvbhtained from lymph node,
splecn, and liver. Tissues were fixed in 10% buffered formalin

=

and sectioned at 5 um after reutine processing. Tissue scectlons

were stained with hematoxylin and ecsin.,

Paraslte Culture: The diphasic medium HNHN with Locke’s solution
as an overlay was routinely used for parasite malntenance and
cultivation. One hundred units of penlicillin and 100 ug of
streptomycdn were added to 1.0 ml «<f the overlay to control
bacterial cuntamlinants. The statlionary phasc promastigotes were
harvested from 9 to 11 day old cultures incubated at 249C,
Farasites were also routinely subpassaged cvery two wecks in

this medium.

Antidgen Preparatlon: Statlonary phase promastigotes dorived from
a patlent with locallzed cutancous lelshmanlasls were agrown on
NNWN medium, harvested by centrifugation (2225 ) at 4°C and
washed 3 times with saline. The washed promastigotes were

killed with 0.5% phenol-saline and adjusted to 1.5 x 108/ml.

Skin testing: Cell mediated Immune responses were assayed by
routine skin ftestinyg using the antigen preparation described
above and the dlameter of the skin reaction was measured at 24,
48, and 72 hours after testing. Hoewever, slince there 1s no
established dose of promastigotes for use edther In humans or

other animals dese response curves were constructed (Flgure 2).
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Appropriate dllutions of the skin test antigen were prepared in
0.5% phencl saline and 0.1ml «f the suspension was 1Iinjected
intra~-dermally Inkto the shaved rump v Ehdlph (in dinitial
experiments Lhe hind feoot pad was used but this was fcqnd Lo be
unsatisfactory silnce the CV was up to 175%). Following this
cxperiment a dose of 7.5 x 106 promastigotes was adopted as the
dose of antigen in all subsequent experiments tozethex with the

standard human dose (0.5 vo 1.0 x 106 promastigotes).

Antibody Titratiomns: Doubling dilutions (final wvslume 50 ul) of
heat {nactivated (56°C for 20 minutes) test antlsera were made
with phosphate buffered saline 1In flat bﬁttomed microtitre
plates (Flew Laboratories, U.K.), To each well contalning
diluted antisera 50 ul of a llve, statlonary phase, promastigote
suspension (5 x 106/m1) was added, For the determination of
agglutinating antlbudies these plates were incubated for 1-2
hoeurs at 24°C (although agglutination was stdll present 1in
positive wells after 24 hours). After dincubation agplutinaticon
was scorxed by mlero and macroscople observation of the promasti-
zote suspenslon. Wells containing no test antisera and antilsera
from immunized hyrax and rabbits were roubtinely included as
controls. The agglutination end point was taken as the dilution

of the last well which contained agpglutinated promastigotes.

In experiments designed to derermine the presence of complement
fixing antibody the assay (IAEA, 1982) was modlfied by the
addition of a complement source (see results section) followed
by a one hour iIncubation at 24°C and a further hour at 370C to
allow the complement toe become activated, Immunized hyrax and
rabbit serum werc included In all assays as a positive control,
The end point was taken as the dilution of the last well in

which 507 of the promasticutes were lysed.

Immunlzation: Hyraxes and rabblts were immunized with 5 x 107

promastipoies which had been fixed with 1% formalidn, washed, and
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emulsificd with Complete Freund’s Adjuvant (DPifeo, U.5.a.). The
animals were dmmunized subcutaneously in 3 sites (neck, flank
and rump), Weckly bouoster Injections were gilven with whole
killc? promastigotes (5 x 107) or the same number sonlcated for
3 £to 5 minutes at 110 to 150 watts at 4°C (Labline Ultratip
Labsonie system, U.X,). The two preparations of antigen were
used on alternate weeks, Booster injections were glven tngether

with Incomplete TFreunds Adjuvant.

Speciles Identification: Hyrax skins and skulls have been sent
‘to the Natural History Museum (mammal scetion) U.K, for confir-
mation of ddentification. In addition, 1live animals and museun
speecimens were e¢xamined by Dr. Dick Ashford, Liverpool Tropilcecal

Medicine and dyglence during his recent visit to Ethlopla.

Ectoparasite and endeparsites were alss sent to the Natural

History Museum, U.K. for full identification.

Experimental Animal Inoculation: Experimental animals, hyraxes

(18 Procavia and 6 Heterohyrax), 3 gelada babhoons, one olive

baboon and a grivet monkey were Iinfoected by subcutaneous
injection of 5 x 106 stationary phase promastigotes of L.
aethiopica which had been recently isolated from patients with
LCL (Isolates 1336/86, 1627/86 kindly provided by Dr. Genene

Menglstu, Armauer Hansen Research Institute).

Experdimental Macrophage Infectlon: HMononuclear macrophages were
obtained from hyrax spleens cclls (2.5 x 106/ml) cultured on
coverslips 4in 24 well tissue culture plates (Flow Laboratorles,
U.K.) dn RPMI 1640 (Flow Laboraturies, U.K.) supplemented with
10% foetal calf serum and penicillin and streptomycin., After 3
days «f culture at 37Y“C in an atwmosphere of 5% COp in ailr, the
nen-adherent cells were washed ff and fresh medium added to the
macrophapes., Statlonary phase promastigotes of (iswlare

1336/86) werce then added at an anproximate parasite Lo macroph-
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age ratlsa of 18:l. The culturces were Incubated at 379C and

samples werce taken evoery 25 minutes for fixing and staining.

Sandfly Bitdng Experlments: Laboratory rearcd and wild collec-
tad (from Addils Ababa) P. longipes were elther forced cr allowed
to feed on the nouses 0of hyraxes that had been experimentally
infected with L. ac¢thlopica using previously described methods
(Foster, 1972) and using a modifled version of Barraud’s cage.,
Engorped sandfliecs were malntained under conditiuns deseribed by
Foster, et al., {(1970) and dissceted and examined for the

presence 2f promastigotes 2 to 8 days later.

Field Observations: In the ficvld hyrax colondes were initially
loecated by pellet heaps or urine sentinels in rock formations.
Tracks, paths, caves and feedins areas were identlficed by whole
day observation perlods, Colony sizes were estimated by total
counts of flocks led by famlly heads., This was especlally
poessible when colonice were less isclated and when there were
few lone stray hyraxcs, Ccunts were also made by forceing herds
to evacuate thelr caves as a vesult of exeessive human actiQity

durdng trapping.
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CHAPTER III

RESULTS AND DISCUSSION
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RESULTS AND DLSCUSSTON

Trapplng and Malntenance

The number of hyraxes captured at the different sites between
October,1986 and May, 1987 L1s shown in Table 1. A total of 70
hyraxes were capturazd most of whieh were caupght using steecl
snare traps (73%). It is apparent from Lthe table that fewer
animals were caught In endemic areas and this reflects the
difficulty of the terraln ian these areas, higher human habi-
tation densitles and possibly lower densitles of hyrax. In
arcas such as Wef Washa where hyrax density was high and human
interference was minimal the hyrax were relatively tame and up
to elght hyrax a day were captured. In contrast, 24 days
trapping at Ochela, Gamo Gofa, only resulted 1n the capture of

tw. animals., In sreneral, Heterochyrax were more diffilcult to

trap as mewmbers of this senus were wore timld and were casily

alarmed by human activity.

Table 1 ~ Numbers of hyraxes captured at different localities

Location Hales Females Not Sexedl Genus

Hef Washa 15 ‘ 14 5 Procavia
(3600 m)

Debre Berhan 4 12 3 Procavia
{2750 m)

Konso o 10 5 - Heterohyrax

{1400 m)
Ochnlo 1 1 - Heterohyrax
(210C m)

Figures In parenthesis represent the altitude Iin meters a.s.l,
Hyraxes could not be capturet at Sebeta and Ad-dls Ababa.

1 Animals escaped before sexing

20



The overall male Lo female sex ratdo of the capturxe? animals was
"1:1.1 and there was therxefore no trapplng blas in favor of oue

particular scx.

General Hyrax Blology

The mean values for haemoplobin and total and differential white
cell count is shown Iin Table 2. The major featurce of the
hematolapgiecal pilcture of the hyrax is the absence of basophils,
a feature that 1s also present {in labovatory mice (Hudson and
Hay, 1980). It is not likely that the basophils were missed
slnce 4n the ccurse of the investipatlion over 4000 white cells

were examined.

The hematnlogical changpes durinyg leishmania Infections descxibved
previnusly are variable and depend on whether the parxasdite is
rostricted Lo cutanenus leésions, metastasizing nydules ox is a
viscerallzing strain (Meischer and Belehu, 1982), In this study
the only sizsniflcant change was an increase in the proportion of
eosinophils from a ranye of 0% to 4%Z in uninfected animals to
1.57Z to 26.5% in infected animals (pn < 0,05),. Hewever, 1t 1s
rossible that this {increasce is not directly Jue to infection
with leishmania, bubt may be the result of increased helminth

infection due to captive conditions,

The body welghts of each animal were recorded soon after capture
and the mean values and ranzges are shown in Table 3. The mean
adult welght for Procavia was approximately 2.5 k7 and that of

Hetexrohyrax 1.0 kg, Althcugh a number of Procavia young were

born din captivity none of them survived more than 35 days. The
mean body weizhts of newborn Procavia was 238 g for females and
207 g for males and up to 35 days there was a lineat increase in

welpht with time (correlation coefficient = 0.82),

Hyraxes kept in rooms where the overnight temperature fell below
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Table 2 - Hematological data of Heterohyrax and Procavia

Yaramefber Heterohyrax Frocavia
Malcs Females Halcs Females

Hab in y% 9.8 + 2,5 9.6 + 0.9 1.4 + 1.1 10,2 + 1.7
WBC count 8413 + 380% 10400 + 0.0 10856 + 4551 8795 + 2715

Vifferential Count (Z2)

Neutrophil 12 ~ 85 25 - 51 47

~ 79 45 - 82
Lymphoeyte 14 ~ 838 HA 13 = 44 16 -~ 52
Monceyte I -3 1 - 4 1 =10 2 =6
Eusincphil NA 0 ~ 4 0 ~ 4 0 -3

Valucs sh.own + 1 standard deviatlion.

NA = Resuits not avallable

Table 3 - Body welpghts and temperatures 1In Heterohyrax and

Procavia
Yarametar Hetbteroshyrax Procavia
Hales Females Males Females
Welzht in g 756 + 247 1004 + 134 2652 + 608 2449 4+ 850
Temperaturel 37.5°C 37.5"C

e am e e R e ) AE Am AR TH e bmm ey O o e D4 i mmm N A M sl e s W AXT S MO AW S Tam G3 AN M mm WYtk e TR Ak 7 R RSR Ao St KA de e e e e eem Ly

Rectal temperature did not Jlffer between scexes and the results
have been poslad, Body welysht values arce shown + 1 standard

deviaticon.

22



7°C ha? extremely blazh mortality rates (over 20%Z) especlally
when Jaytime temperatures J1d not rise sufflelently 2x the
anlmals were unable to sunbathoe. In both Heterchyvax oand

Yrocavia, the normal body temperature was 37.57C (Table 3),

however, in animals Jlyin: of hyoothermia the hody kemperature
steadlly fell as 1law as 274C, althouph in wne case a hyrax
recuovered after Lts body temperature had fallen to 329C, It
appeared that the hyrazes ecomlng from hotter areas such as Konso
were more sensitive to low temperatures especlally so for the

smaller specles of Hetervhyrax.

Colony size was an extremely difficult parametex to determing
and nnly rough estimates could be made from day lonpg observa-
tisns of indlvidual ‘enlonies. The estimated colony sizes were

varlable, ranging from about 12 hyraxes (lleterohyrax) pex colony

at Ocholo to 40 hyraxes (Procavia) per colony at Wef Washa,
Depending on the Jlocal density of the human vopulation hyraxes
colonies way be within a few meters of human bhabitation (e.g.

Ochola).

The hyraxes observed in this study dld not appear to show any
foed preferences but fe:! onmn any locally abunidant vezetation.
Limited examlnation of hyrax caves at Wef Washa 314 net reveal

the presence of any sandflics.

Hyrax Parasitology

The results «f endr, and ectoparasite ecxaminatiosns are shown in
Table 4. No informatlon has yet bLeen recelved from the British
Natural Histary Museum and thercfore no firm identification to

the specles level 1s given.

Examination of steol materlal and/or gut contents of 18 hyraxes

4 of these hyraxes reveale?! that the commonest narasite was

Trlchastrongylaldes which was present in both Hetcrohyrax and
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rrocavia from 211 of the locatlions studled, This 1s a common

Table 4 ~ Endoeparasltes and cctoparasite of Heterohyrax and

Pracavia

Yarasite Stages praescent Numbeyxr paositive
Ascaris cersflarva/atults 2/181
Trichostronsyloeldes cors/larva g/131,2
Tapewnrms scolex/yroglortids 2/181,2
Toxuecara e s 2/181
Fleas adults 2673512
Lice atults 21/302

L - Heterohyrax 2 - Procavia

parasite of herbhiveraous anlmals {(Beaver et al., 1984). The two
Heterchyrax examined had Ascaris ova, larva and adults and one

was multliply infected with Trichostonsyloides, dscards, tape-

worms and Toxocara. Cyclovhyllllean tapeworm dnfeetilons were

also found; the scolieces, and proplottids were recovered from
the put of both jencra (the seollices had faur suckers and
rostellum wlithout hooklets). The tapeworms recovered from the

two grenera are probably twa different specles,

Repeated smear and culture examination of skin frum the noses
and ears for natural ledishmania infceticen did not reveal any
infected animals, evien 4in anlmals from endemic areas. It is
possible that infections.were not detected In the two animals
captured from the endemic area of 0Ocholo, hecause of the small
number dinvolved; and although an infeetion rate of between 13
and 20% has been reported for hyraxes from this area, by chance

these tws animals might have been unirfected. The other endemic
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area, from which andimals were capturced was Debre Berhan. However,
in the erappins area over 2 two year pexiosd, snly two cases of
human leishmaniasis were recorded {ovne active leslon and one
scary) and Jt 1s therefore unlikely that the Infectdion yrate of

hyraxes was high.

Clinilcal Aspects of Experimental Tnoculation
Experimental inoculation with L. aethicvplca was carried out in

26 hyraxes (8 Heterohyraxz and 18 Procavia) 4 batoons and one

privet monkey. The animals were examlned for pross pathological
changes at regular dntervvals up to 160 days after incculatciocn,
The results are summarized Iin Table 5 and 4t 1ls eclear from the
data that Incculation with L. acthlopica parasites caused very
little cldnical chanpes In the hyraxes 1in contrast to the
chanpes observed in the primates. This apparent situation of
gsub-clinical intceeticrn In the hyrax conflirms previous reports on

natural L, azthjopica infections in hyrax (Ashferd, et al.,

1973). Lemma, ¢t al., unpubllished report) was also unable to
produce ohvious c¢lindecal symprkowms In experdimentally iInfecter

captive anlwals.,

It is evident froem Table 5 that o¢nly benlgn or unnotlceable
patholoqy developed dn the experdimentally inceculated hyraxes.

In the experimental dncculations, tiny papules, bumps, scars,
and patches develouped; and since parasites couuld not be lsuvlated
LY identified in thesc¢ lesions it is possible that they were due
to other causcs. This 1is In parallel with the observations made

on naturally infected hyraxes (Ashford ot al., 1973),

It ds very Sifficult t. oxplaln why rprarasite could not be
{identifiel nr 1sclated {5llowing cxyerdimental Invculations
although previcus investlzators were als, unable to Iscolate
Leishmanla parasites by smear and histolooy technlgues (Ashford
et al., 1973). The same inoculum was uscd to Infect two baboons

and one monkey, and lesions were producoed as carly as 8l days In
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Tzble 3. Summary of clinical features

. Crusts, . Sunken/raised Tiny papules Largsr papules PCErs
Animal Sp. Tlakes &
NAD tiny scars Induration patches Bumps (<2.5mms } {Z.5~5mms ]
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babouns ant 112 lays In 2 ~rivet monkay. The slishtly lonperx
time taken for the development of the lesisn in the grivet
monkey Is probably due to the fact that It was given a divided
dosc of 5 % 109 in three sites. The lesion un the grivet monkey

formed a crust within twe weaks of the lesion appearing.

Smears and cultures fraom these lesdons werxe positive for
leishmanla parasites., The nedular lesions frxrom the babuons
started to regress within 8 weeks without forming ulcers or
sores. During and after healing the lesions vwere smear and
culture negative. The immuncleglical changes In these animals

have not yet been investipgated.

Since n: paraslites could be 1dentified or isolated from the
lesions in hyraxes an in vitro approach was used to examine the
initial iateraction lbetween the parasite and the hest, Macro-
phase cultures derived from splecen coells were Infected with
statlionary phase L. aethiopica promastigotes at an approxlmate
parasite to macrophage ratle of 18:1. Samples were taken every
25 minutes for a series of 12 periods and then fixced and stained
in Geimsa stain. The percentage of macrophages infected during
the experiment I1s shown In Flgure 1. Most macrophages were
infected between 25 and 50 minutes and then Infectlon stabllized
until the macrophagus bepgan to die off. Only a small pruportion
of the macrophapes (< 10%) remained uninfected after the flrst
25 minutes. At rhe end of the experiment (275 minutes) the
majority (98%Z) were packed with amastigsgotes and many had burst
releasing amastigotes Inte the medium. The rapld dncrease in
the percentage of infected macroaphages towards the end of the
experiment may be due to relnvasion by released amastipgotes.
The rate of untake of the promastipgotes by macrophages was very
rapid and eclcarly <demonstrates that hyrax macrophages are
capable of supportine the amastigote stage of L, aethiopica in
vitro, Hyrax macrsphages take wp L. aethiopieca promastipotes

much more rapldly than human macrophapses since even after 2
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hours incubation at a simllar porasite to macreophage ratio over
40% of human peripheral bleod wacrnphases remain uvninfected (D,

Humber, perscnal communicacion).

it is apparcent therefore that the faflure to isolate parasites
from the slte of inoculation of hyraxes 1s probably not due ko a

fallurxe of hyrax macrsphages to take up the parasites.

Histological Features

Histolopleal material obtained from experimental incculation
sites was examlned after fixatfon processing and staining in
hematoxylin and eosin. In hyraxes, the specific features of
tissue responsces to lelshmania that are found in man wecre nok
shoewn throuphosut the flrst 15 weeks of dnocculation.Only non-
specifiec dnflammatory cclls were seen dn the infllrorate., In
addition, th¢ dnoculated promasti«-teg could only be detected
extracellularly up to I hour afrer Inoculation ; after this
period nedither promastirotes nor amastivotes could be detected,
Dermal scrapinss and cultures from sites of axperimental
inoculation didnntreveal che ﬁresence nf Lelshmanlia parasites.
It 1s possible that L. aethiocpica Infeections Iin hyraxes do not
localize superficially 4dn the skin at the slte of inoculation
but that they are disseminated clsewhere 4dn the body, possibly
by blrnod born macrophages, Alterunatively loeocalized dinfection
may result from repeated Incculatlion in the same area by

Infeeted sandflies.

In eoantrast to the findings In e¢xperimentally inoculated
hyraxes, materials obtained from iIinfected monkey and baboons
showed elthoer lymphoeyte in the infiltrate or amastigofes inside
macrophages. The histolozical findings arce summarlzed in Table
6.
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One {nterestin- histouloesxlcal shservation is the presence of
gweat plands In the skin of hyraxes, slnce in nrevious lnvesti-
pations these have veen repoarted as abscnt dn the hyrax (King-

don, 1971).,

Delayed Type Hypersensltivity

Optimizatlion of skin test dose -~ The data obtained using
differcant doscs of killed promastigotes is shhwn din Figure 2.,
Analysis of varilance between the means of the variable doses-
showed gipgnificant differences (F = 8,5, CV = 27%). The optimum
duose was determined to be 7.5 x 100 promasticotes per test since
reactlons plateau abeve this dose. Througheut these experiments
two doses woere used, the standard human dase (0.5«1.0 x 106) and

the higher optimal hyrax dose determined In this study,

DTH in Hyraxes = Animals were repeatedly tested (biweekly) over
the entire observation period. The time cuurse of the reactions
presents a typical DTH reaction with the slze of the lesion
remaining relatively constant hetween 24 and 72 hours, No
immediate reactions were observed, A characteristic feature of
the skin test reactions was that 1induration was rarely accom-

panied hy erythema.

The maximum mean induration in promastipote Inecculated hyraxes
was 2.5 + 0.2 and 4.1 + 0.1 millimeters at the low and high
doses respectively, Althougsh in humans, indurations of 5 mm and
above are generally taken as poslitive (Mansun-BDahr, et al.,
1959; Manson=-Bahr, 1961; Fuller ot al., 19%30; Leeuwenburg et
al., 1983) these small responses ware significantly different
from unincculated controls (p < 0.05 - Filgpure 3 - hipgh dese).
In comparisan with response te ledishmanila antigens in humans
these results appear to he very 1sw, althoupgh 1t is possible
that DTH responses In seneral in hyraxes are aot well pro-

nounced.,
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It iy difficult to explain the abrupt change In the DTH respon-
ses late after incculation since there dis als. a conenmitant
changze in the unincculate! controls. Cone possible explanacicn
could ardse from batch differences fn the skin test antigen.
Another possible explanation is that these animals were progres-
sively sensitized throush repeated (hiweekly) antigen
administration, However, desplte the changes Iin rhe control
animals there 1s still a significant difference resulting from
parasite Iincculation. In contrast €0 the findings Iin this
study, Ashferd et al., (1973) were unable to demonstrate
positive DTH reactions In hyraxes collected from endemic arcas,
including animals from which parasires were disonlated. This
difference in results may be due to the low dose of skin test

antigen used by Ashford and his collcagues.

Immunization of beth rabbits and hyraxes with Llcishwmanlial
antizens resulted 1in the development of strong DTH reactions

(Figure 4).

Positdlve DTH rcactions {un ledlsbmania patients are generally

strony (altheugh Jless sc in L. aethiopica infectiovns) an

indurations may be as larse as 18 mm (Wyler, ct 2al., 1979), In
the infecte?l pgrivet monkey an iloduration of 14 mm was recorded
at the ulccratlive phase of the lesion. The nature of the BDTH
respeonse to lelshmania antigzens following Inoculatlon therefore
appears tu be different In hyraxes and primates. Whether‘this
is an dntrinsic Jdifference 1in the Immune responses of these two
groups or wherther 1t 1s specifile to leishmania infections is not
clear. Ashford et al,, (1%73) claimed that thc immune processus
to leishmanial dinfections were unilque in hyraxes, bhuk It is not
¢clear whethexr this assumption 1s wvalid since CHI was ncoct

carefully assessed.
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Humoxal Immunity

Cytolytic assay = Fresh nr frozen (~707C) hyrax scrum countalned

a heat=labilce tacter which when incubate! wiih promastigotes
resulted In lysls. The eytolyile cffcets of nurwmal hyrax scra
were compared with sera of other anlmals and wman. The dilutinns
of the vardous sera causing 50% lysis are shown in Table 7 and
it 1is apparent that din all other animals tested, that the

natural cytolytle activity was preater tham that in hyraxes.

Falilure or success to Iinfeect host cells probably depends onthe
balance between extracellular lysis and opsonizarion (Musser and
Delson, 1984), both of which ara mediated by coemplemeni at high
and low concentrations respectively, The lower titre of

toxielfty in hyrax scrum might be relevant 1In discussing the

Table 7 Summary of comparatlive serum cytotoxiecity,

Serum source Log 2 reelprocal tltre (50%Z1ysis)
Human (4) 8.5 + 0.6
Bahoon (2) 7.0 + 0.0
Kabbit (3) 6.0 + 0.0
Guineca rig(3) 6.0 + 0.0
Hyrax (5) 4.0 + 0.0
Contr~l (P38) No lysis

M A e cox GER e wR e M O O S Am R R W R e N S e e T AT e e ke oy e G T S S FE N Aes we M e LA A Mae A ey W MR M3 el =W —w e

Numbers in parentheses are numbers of animals,

€¢quilibrium within the host=-parasite system of L. acthiopica and

rock hyraxes.

Although naturally ocecurring eytolyle factors (possibly

complement factors) were present In hyrax serum, Lt was not
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Table 8 Summary of cytolytic assays with hyrax and rabbit
jimmune gera

cl Sourcee Immuns< Antiscera ddlutions
and
test dose Serum Law Hi¢h

LR A RS W R mr gy Rae e mm v Bid Ao ma e S Ak ok ma B W rm mr w EE T L aom A E AR Ak M M ST R om R R LM i e e L RS R m e SR R e e mm D e Lo wm ST e e

Killing ¢l dose

ANGS (1/64 - 1/32) infected hyrax - +

¥NES (1/32 - 1/16) immunized hyrax + +

¥NHrS (1/8 = 1/4) immunized rabbit + +
Won killine ¢l dnsc

NGS (1/128) Infected hyrax - -

NES (1/64) {immunized hyrax + -

NHrs (1/16) {fmmunizesd rabbit e -

I

*HGS = Normal Guilneapils serum; S Normal rabbilt serum;
NHrS = Normal hyrax serum + = lysis; - = no 1lysis

Table 9 Antibody titres of immune sera from hyraxes and
rabhits.,
Antiserum Complioment Antibody titres
snurce source and dose Avsclutinating Cytolytle

B ok gy e e SR R e T Sam R Y bom wm Y M wm e KR fa e o rs e xR W e S Tar mrw WS M el BA R T AT A A ey e BA R S e T MR G e e R e e e

NGSs (1/128)
Immunized NRS (1/64) 1/512 1/128
Ralhhbit NHrS (1/16)

NGS (1/128)

Infeected MRS (1/64) 1/512 trace
hyrax NEBxS (1/16)

NGS (1/128)
ITmmunized Niis (1/64) 1/256 1/64
hyrax NHrs (1/16)

e s 3 T LW S E LA Ak ke S L wom e B LY i mr MW A dee mp B S e e anr e be} R e R e et e e it a mm e T TEM ke A o mm P ek Tmh e e e v T ma e =
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possible to Jdemonstrate complement fixiang antibodles to L,
aethiopica pavaslies afrer Jnosculaticn (Table 8). In contrast,
Immunization »f hyrvaxes 411 produce eytolyitic anti-lelishmanial
antibodics that would lyse promastigotes in the presencce of
Guinea v»ig complement, although the titres were lower than the
agglutination ticres and only aboaut half of EKhe eytolytie titres

found in dmmunized rabblits (Table 9).

Apnlutination Assay - Naturxrally occurring, heat stable, agglu-

tination faetors were prescent In normal hyrax serum and the
titres of 44 hyrax sera ranged between 1:16 and 1:64, with a
c

mean log 2 reeciproeal titre of 5.1 + 0.7, The titre was much

lower in newborn hyraxes (2.0 + 1.7).

Antihody tltrations inecreased durding the filirst 12 weeks after
incculation and the time curve of antibody responses after
inoculation 1is shewn In Filgure 5. Analysis of varlance Indi-
cates a sdiagnificant differcence among the mean tikres of sera
collectod at 3 week intervals (F = 17.95, €V = 12.8%). Using an
LSD at 5%, sipgniflcant iInecreases in antibody titres occurred
during the 6th weck of inoculabion, From the data presented 1in
Figure 5 1t is pussiblé to eshimate a cut-uff titre (at a titre
0of 1:85) which migzht be uscful in diagnosing lelshmania infecti-

ons in hyraxes.

Titration of three sera obtained from two human cases of LCL and
une NDCL showed tiltres of 1:256, 1:512 and 1:1024 respectivzly.
Mean titres as hlgh as these were found In hyraxes 9 weeks post
inoculation. Immunized hyraxes 2lso produce agglutinating
antibedies(Fig.6). Titres comparable to 6 weeks post Iincculat-

ion were attained aftexr the third immunization ( 3 weeks).

The rxole of antibodles In cutaneous lelishmanlasis 1s not elear

although various properties of antibodies have been lomcnstrated
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includine, anaphylaxis, agplutinacion, complement fixation,
lysis, inhibiidon f varasite growth (Turk and Bryccessn, 1971)
and enhancement of infection, Towporal suppression of CHI o dn
visceral dJdlsease, and the {ncrecased severlty of cubaneous
Jesions in guinea plgs predmmunisced with antigenlc extracts of
leishmania (Zuckerman and Ladinson, 1977) are attributed to
enhancement by circulating antibodies. Whatever the fate of the
parasites which were lnoculated experimentally into the hyraxes
the antibody titre did not declince suggesting that parasite
antigens are still present. In addition, these antlhodies may
play a role in either modulating the Immune:responsce agailnst the
parasites or even alding thoelr uptake by macrophages. The
abscnce of cytolytic antibodies in the experimentally infected
hyraxes may also be significant in the survival of the parasite

in these animals,

Sandfly Biting Experiments

Laborxatory rearcd and wild conllected VYhlebotomus longipes were

allowed to feed on hyraxes. Forced feeding with the use of test
tubes (Feoster et al., 1970) was unsuccessful, However, sand-
flics kept Iin a modified BDarraud’s cape, fed readily on restra-
ined hyraxes. Feeding took place from the nese, nostrils, lips
and c¢ycelids. In retrospect, all of these sltes should have bean

sampled in the wild caupht animals.

Sixteen sandflies were fed on inoculated hyrazres ant 85% of the
flies digested thelr blood meals within 8 days. Since, waptive
gravid fliles might die after oviposdition (Gemetchu, personal
communication), all were dissected before or on the 8th day., No
infections wexc seen In the :dlssccted flies. Although this
finding may be due to the sandfliesgs feedinpg at uninoculated
sites, 12 of the sandflies fed from the nose and 4 from the
I1ips, A single fly required about 12.4 + 7.7 minutcs te become
envorged, TFeedinpg was continuous fn all bites. It was calcula-

ted that 6 cm” of bare skin could suppert 7 bitine inseets.,
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SUMMARY AND CONCLUSTIONS

1)

2)

3)

4)

[
S’

Kock byraxes Proecavia su. aad Heterobyyax sp,. llve prlmarvi-
Iy in well protected xrocky habirtarts in which they are safe
from predaccrs and cxternal climatice lnstabilitides. The
roek holes and caves provide a thermally stable micro-
climate whieh L{s hichly suitable for hyraxes which are poor
thermorepulators. The locatlon of hyrax colonies in rocky
habltats mcans that trappiny’with conventional live traps
is unsuccessful although local snare kraps were relatlvely
efficient in some locations.

Maintenancs and breedine of hyraxes could be undertaken ‘on
a lonp term basls, Althoush the i1deal conditions forx
establishins a8 culony have not becon analyzed in this study,
one Important requirement 18 the necd for thermally

regulated housding.

Endoparasites of hyraxes found in this study include the

ascarilid worms (Ascarils and Toxocara), Trichoestrongyloides

and Cyclophyllidean Etapeworms. These helminths and the

ectoparasites have not yvet been ifdentificd to the specles

level,

Experimental inocuiatlon of hyraxes with L. acthiopica 4i1d
nuot result in cvert eclinical lesions. In addicicn,
parasites e¢auld not be isalated or ebserved {in lesions
except immediatcly after inoculation, It must be assumed
that these parasites are elther very rapidly remoeved from
the site of incculation or are kilied by the hyrax immune

system.

Whatever the reason for the lack of parasites within the
inoculated sites 1t 1s eclear that hyrax macrophases readlly

take up promasticsotes and that these subsequently Eransform
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