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ABSTRACT 

,Sevc.nty ).' ~) c k h y r a x t:.~ S t hl~ :: l~ n(-: J. i:1 Pr 'JC .'-.1 v i~\ 

trapped trc)m CL enc'cmic (13)qn.1 n.:.n-2n'I.cnlic areaS (52). 

Nat U 1: 11 1 i n [ c c. t i ,j n '" i t h L e 1 ShIll ani a ~~!._h i (. ~) i c ~ \\1 e r. elF) t [u u n rl. 

either un smear 01: culture frdm n')8(:8 ()r <-'Drs uf captured 

animals .. Experimental infections wpre initiate:J in 26 hyraxes t 

3 bab00ns and a grivet monkey. Inoculatinn of hyr~xcs rcsulte,i 

in either occult symptnmless infccti~)ns, :~r failure to cstal>lish 

an infection. Twn the babocns 8n,1 the .;;:rivet ffi;)nkc>y ~r')VI:~rl 

to b~ SOSCCiJtible ancl LJrodu(',e.-l clinic<J.l lesi,)ns full(:H'ing 

infection. Cultures ()f hyrRx maer;'phages Were made nnll success-

fully infectc.d Hith L. '2.ethi(~plcE: pr,)masti~~(-}tES. 

Dclrtyed type hypersensitivity rC3cti':}llS \'lC:t2 m(>asu:t(~(t hy skin 

testin£; and were si:.;nificantly hi;~hc:t in infccte'.i nnimnls and 

animals immuni.sed with leishmaui,q ~ \.;rhe.n cqmr.'CJ.re:ed t.) uninfec. ted 

animals. H'.)\.;r(~ver) skin t(;st resp()ns(~s coulcJ )nly be elicit('_d 

with a d{)se seven times higher than that :t()utincly used in 

humans. DTH 10si')n8 Here nevet" erythcmat(·.us ~ 

Nor.mal serum ,)f hyr.8.xes contains both natural 8;jglutinins Rnd 

cytotoxic factors although these wer2 l~w~r than those found in 

man and other animals. The direct it~ulutin~tiun assay showed 

t hat ;-J n t i b (~ die s t CJ 1 (. ish TTl (l n i PI P r r) mas t i ::_'. r) t e s r' roe r :~ S S i vel y 

increas~ foll()wing infection. It is 't)ussible that ~.his assay 

could be used for cpidemi::,1()f·.i(,~<11 deter,ti()n ·:)f infections in 

Hild hyraxes. Cyt0toxic antibodies c')ull not be dem()nstratcd in 

hyraxes after infection ":llth()ur~h they HerE' pr<'cluced foll()yling 

artificial immunisation. 

San~fly biting experiments did n[.t reveRI any infcctinns 

althuugh they :.lid reveal that thE.'_ eyell"'ls, nose, liDS and 

nostrils l,'lcrc c{"".;mm:1Il fee:lin;:; sitl~S. 
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INTRODUCTION 



INTRODUCTION 

The leishmania parasite that most comlflonly CD\IS8S cutaneous 

leishmaniasis (C L ) In EthIopIa Is Leishmania The 

<lisease is kno,,,n to he zoonot..Lc among the l:ock hyraxes of tHO 

spc::cies s P):ocavia habessenica and lleterohyrax bruceJ. (Ashford, 

et al., 1973). Man is normally infected only secondarily. 

Transmission is by two species of Phlebotomine sandflies­

PhI e bot 0 m us Ion g i pes and ~. p e d i fer ( F 0 s r. e r, 1972; As h for d e t 

a1., 1<;73). These sandflies are highland species (Ashfor.d,-

1977). Also the disease is the ailment of highlanders of 

Ethiopia. Al thour,h !o.. ae thiopic~ is the parasite responsible 

for most CL in Ethiopia, other leishmania parasites could Nell 

be responsible for the hl~herto undescribed cutaneous lesions 

especially In the lowland areas. For instance, the existencc of 

!o.. major has been reported from Ethiopia (Personal communication 

from D. Humber). 

Cutaneous disease due to !o.. aethiopica has many unique epidemio-

logical features (Lemma et al., 1969; Bray et al., 1973; 

Ashford et al., 1973; Ashford, 1977) including: 

a) unlike most other species of leishmania the host reservoirs 

of ~. aethiopica are not rodents or dogs but members of the 

family Procavidae in the order. Hyracoidea. 

b) The insect vectors are two species of highland sandflies 

',hich have not been reported else",here to be vectors of 

leishmaniasis, except in mount EIRon Kellya (Mutinga, 1975). 

c) The pal"asi.te shows marked resistance to the conventional 

antimony compounds used for t~eating other types of 

Leishmania (Bray, et: al., 1973) 

d) The disease has tHO polar types, localized self-healing 
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cutaneous leishmaniasis (LCL) Dnd diffuse cutaneous 

ieishmaniasi.; (DCI.) associated with a specific immuno-

logical unrespolls!vcnesB to leisllntanial antigens. 

The epidemiology of CL in Ethiopia i. gove~ned by the conventio­

nal four factor c.omplex: the vector, the natura.l host, man and 

the enviJ:onment. It Is restricted to highland areas bett~een 

1700 and 2700 mEters which receive an annual rainfall above 000 

mm. (Ashford, 1977). r\lthough the anImal hosts, hyraxes, are 

not limited by altitude the sandflies are, since they are 

strIctly highland species occupyin~ diverse habitats within this 

attitudinal range (Ashford, 1977). 

The exact distribution of CL within the highlands of Ethiopia is 

not well known although it has been reported from nine of the 15 

administrative regiono of the country. Much of the informatIon 

concerning the epidemiology of CL has been obtained from 

studying a number of endemic foci that 118ve been described such 

as Ocholo, Aleku, Kutaber and Meta Abo (Seheta). It is apparen-

tly restricted to rural areas, althou~h a small mic):o-focus Is 

present at the frlngCcs of Addis Ababa (unpublIshed observat-

lons)o 

Natural L. aethiopica infections are almost entirely restricted 

to three genera of the order Hyracoidea with a single report of 

this parasite being isolated from the Giant Rat, Cricetomys sr. 

(11\ltinga, 1975). In addition experimental infections In 

laboratory rodents has been unsuccessful and clinical lesions 

have only been pruduced in primates such as baboons and vervet 

monkeys and the Golden Mole rat (Lemma and colleagues unpublish~ 

cd results; Ashford, 1977). This apparent narrow specificity of 

L. aethiopi<;a. to hyraxes may be considered as an indicator of an 

old system in which the co-evolution of both host and parasite 

are reflected,) 
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There are a numher of critc'l-ia lolhic.h determine tile zoonotic 

potential of res£rvoirs of I,eisl.maniasis in thB Old World (Uray, 

19iJ3), 

a) 

b) 

c::) 

d) 

e) 

constant contact witll IOGn via the vec.tor, 

good presentation of the organism to the vector, 

intimate contact with tile vector, 

major source of blood meals for the vect()r, and 

chronic susceptibility and a considerable infection 

rate (greater than 10%). 

The rock hyraxes in Ethiopia fulfill many of the above criteria. 

They have an infection rate between 13 and 20% (Ashford, et al., 

1973; Ashford, 1977 and firay, 19133), 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

iasis it is vital that the biology of the host reservoir, the 

hyrax is studied. lodate there is little information regarding 

the ecology, biology and behavior of hyraxes in Etl.iopia 

Distribution, Life History and Taxonomy of the Hyracoidea. 

llyraxes belong to the order Hyraeoidea in which two extinct, and 

one living families are found. Ther.! i9 a single extant family, 

the Procavlda0, ",hieh is c.ompri~J('d of thr(!e genera t he rock 

hyraxes (Procavia and Heterohyrax)and the tree hyraxes (Dendro­

!. y r- a x ) , The 0 r d e r is con s J. d e r ," d to h a vee v 0 I v co din .-\ f r i e a 

sometime b"fore th" Oligocene (Halker, 1975) and they no" cover 

a 1 a r g epa r t 0 f Af r.- J. c a, A r a b i a and the He d 1 t e rJ: :J. n e " n r" g ion 

C\'IHlker, 1975; Kingdom, 1971; Corbet, 1979). Hyraxes are found 

in a wide variety of habitats Dnd altitudinal ranges (above 

4650m on Hount Kenya to sea level). 

The rock hyraxes present considerable tnxonomic problems withIn 

the r,enera since. they arC? compri.sed of allopatrle forms due to 
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the hi~h dcr,r.ee of var.i.at lon resultinG from the isolation of 

habitnts witilin Africn (Corbet, 19J9). 

There are two ~enQra of rock hyraxes in Ethiopia which are 

represcrlte(1 by Pr()cavia habess.enicn and Ueterohyra~ ~rucei. , The 

former is the TariCer of the tl<O, its taxonomic position is at 

present confused dnd Ashford (19/7) considers that it includes 

more than one species ~ Corbet (1979) recognizes subspecific 

ranks for the p,enus Procavia fot· what he considers conspecific 

variants in which reproductive isolation has not been deseribed. 

The specific ranks used in his reference is Procavia capensis to 

which Procavia habessinlca and others are assigned to sub-

SPecific ranks. All the members in the genus found in AfricR or 

e 1 s e" her earl' p.1 ace din t his sam e s j"'! c i f i c t a x a by Hal k <e r 

(1975). In contrast four distinct species are recognised by 

other authorities such as KinHdon (1971). These are P rufice~s, 

p~ capensis t P~ habessinica Clnd P. johnstoni~ In addition, 

Ashford (1977) identifies d third species together with Hetero­

hyrax brucei and Procavia habessinica at the Bale mountains 

where he obuerved a variant which has been assigned a sub-

sj,ecific rank (~. capensis capillosa ) by Corbet (1919). As can 

b~; seen there is c_onsir:l(~r,qble confusion and disagreement 

regarding the taxonomy of hyraxes ~oJithin thE: p,enus Procavia. 

There is, therefore, an urgent need to apply modern taxonomic 

method. to this group i~ order to clarify the situation. 

In the genus li~ r:"~l:ohyr.Elx eiB,ht suhspecies have been :t:ecorded by 

lU n g non (1 9 7 1 ), a 1. tho ugh 11 a 1 k e r (l9 75) r e cop, n 1 z Eo s six S]l C C i e s 

with Heterohyrax syriacus as the type species of the p,enus. 

Killgdon (1971) gave the fol3.o"lng lIst of subspecies '11th II. 

brucei: 
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H. b. 

H. b ~ 

ll. b. 12. i ni,;,~ ( " ~~"~j~';:2J_ 
Ho bo c1ic·sneri 

1-10, b. munzneri 

H. b. lade'loanni 

The melflbers of the Benlls Hc.terohyrax, like those of ~roc.avia, 

exhibit allopatric variation (Corbet, 1979) 

Although the life style of the hyraxes is similar to many 

rodents it is in fact related to the ungulate mammals. Fossil 

evidence shows that they [Ire direct relatives of the Probosci­

deans (Sale, 1970) and because of biDlogical characteristics 

such as a very lone gestation period, thE:Y are thoup,ht to have , 
evolved from a much larger ungulate stock. Sale (1966a) 

considers that 'the elephD.nt is the largest, anJ the hyr.ax the 

smallest ",embers of this Evolutionary line ,,,ho had a common 

ances tor til the Ln te Eocene. The }lyraxes remained plantigrade 

and left the plains for rockier habItats which provided protect-

ion from prcd3tors. This chonge of habitat was accompanied by a 

reduction in body size. 

Habitat, Oabits and Adaptive Features 

Rock hyraxes Clre lar.gely diurnal ilnd arc not fossorial, but 

inhabit cnvitics and rock crevices in rocky outcrops, cliffs and 

boulders of rock form3tions, mountains and cscucpments. Select-

iOll of suitahle colony sites appears to depend on a variety of 

bIological rcquirements~ including, protectJ.on from predators 

and shelter from severe clImatIc conditions. A fEature of hyrax 

colonies is that they ;]void isolat0d holes ~nd prefer cavIties 

and holes which interconnect and have relatively nnrrow entran­

ces to provide protect)"n from rreciators (Salce, 1966b). In 

.'1ddition the CdV\;~S and crevices provide fl stable ~nieroclimate 

for the hyr'lx which has a ,oor thermoregulatory system. 

Although hyraxes occur in llabitats with a wide temperature range 
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(-SOC to oVl.:'r 41 0 C) thpir cnvc tE'lnpprattlrC only ranges bet~'lQen 

about 3 0 e and looe (SnIp, 1~66b) 

Hhile providin~ an ideal hatd.tat for the hyrax the syst,"m of 

interconnecting tunnels makes investigati()ns of Handily breed inn 

sites, colony size and behavioral studies extremely difficult. 

Hembers of the genus, Heterohyrax have undergone a secundary 

adapt ion to arboreal life. This is especially truc in parts of 

Ethiopia (".g. ZI<ay Clnd Aleku) "hen, H. brucci live entirely in 

large trc£s and are independent of rocky hnbitat (Ashford, 

1977). The tree hyrax, Dendrohyrax, l"ads an arboreal life 

completely independent of rock shelters but in beli0ved to have 

evolved from Ueterohyrn~ (Kingdon, 1971). Cavi ties, rock 

crevices, and holes not only provide: suitable habitat for 

hyrflxes but: also for the sanclflles, and in highland areas 

hyraxes nra pr0bably the mnin bl(Jod menl sources for P. pedifer 

and P. 10n8ipeo (Ashforrt et al., 1973). 

Both lI"'terohyra~ and PrOC<lVi'l di.splay s i m i.l ~ r ecological 

characteriatics J.iving in colonies and miBllt even co-exist: 

,'xcept that Heterohyrax has th" abIlity to us.:; more heavily 

vr:~getated, smaller rock formations and trees (As!-lford, 1977; 

Klnr,don, [971). 

Son~C! of the adaptive features in hyraxes inelude the dorsal 

glandular spot which has both social and r~produccive functions 

(Sale., 1970); Clnd the camcuflaginr; body colorations for escape 

from predators. The pinnae of the ears are small 311d the soles 

of the feet have 3 special clinging powero 

the body is covered by long tactile hnirs. 

Tails arD vestigial; 

The vcrnaculBr nante for the Hyrklx In Ethiopi.q is "Shikoko H Hhich 

according to Druce In [790 (cited by Sale, 1970) is derived from 

th0 ~'lord for th~)rn IfAshok li representing the long hc.l:in3CeOus 

hairs on tho fur of the t~yrax. An alt~rnativ~ derivation is from 
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tlie Ho:rd IIShikuk ll (Hide and s~ek) Hhic.h amply describes their 

lIfe sty].", 

Feeding 

Feeding 

mostly 

helps 

in hyraxes is a very 

a Group activity Idth 

to avoid predation 

fast and intensive process and is 

a pattern and periodicIty that 

(Sale, 1966a). Feeding is also 

normally confined to areas very close to shelter in which refuge 

can be taken. The continuous threat of predation has resulted 

in modest feed requirements, and hyrflxes can survive in rela­

tively dry ar~a8 Idth poor vegetation. This 10\01 food intake in 

llyraxes is augmented by (Iec.r~ased activity and compensatory 

<1.ctivities such ..-)s hunbathint;o HyrnxE's are Benerally catholic 

in their food selection and if a food is regularly taken it is 

normally because it 1s locally abundant (S2.1e, 1<J66,q; Kingdon, 

1971), for example, at Z\oIay and Ocholo hyraxes regularly feed on 

fig leaves as these t:t:ees arQ relatively common. As far. as is 

knot;"n hyraxes do not ehe\>J th~ cud, accumulate food reserves, 

tefect or exhibit coprophagy (Sale,19660; Walker, 1975). 

Thermoregulation 

Thermor.egulation is poorly developed in hyrflxcs and the young 

are· especially thcrrnosensitive (Sale~ 1965; reViC\'led by Sale, 

1969) and both adult and young hyraxes regul.1rly sunbathe 

outsid~ their C8ves o In captIvity mortality due to both llyper 

and hypothermia is very high. This is especially true for young 

animalB and the smaller species in the genus ~eterohyraxo Since 

S\'leat 8lands are absent in hyraxes (Kingdon, 11)71) temperaturQ 

regulation can presumably only be achieved throllgh panting, 

changes in coat thickness (through the-:. errector pili muscles 

iltt1lched to the hair follicles) Hnd beh,gvioral activities such 

as sheltering and sunbRthinB. 

Reproductive Functions and Colony Size 

The reproductivB adaptability Rnd ~IRsticity in hyraxes is 



thought t.o have significantly conr:.ribut(:d to their \~ridespr(:ad 

distributIon in Africa a.nd th~! Hiddl>:..> East (~3ale} 1969). The 

timing of birth :Jl V<:'dl"S to be ndjusted dep(-'.ncling on cnviron-' 

mental factors such as availability of [()od and ambient tempera-

ture (Sdle, 1969)0 The gestation period of hyraxes is long 

ranging lletween 20 and 30 weeks anc! the young have a high birth 

Neight (Halker,1975; Kayanja and SalCe, 1973) 0 Although the 

average litter size for both Procavia and Heterohyrax is tNO 

( Ka y a n j a and Sal e, 1 9 7 3 ), i 1. t t e r s i z e sup to s I. x h a v e be" n 

recorded (Walker, 1975). Hyraxes ar~ relatively long lived with 

a lifc span in excess of 7 ye"rs du):lng "hich tim" they may 

attain n body weight of over 4 kgso 

Since hyraxes spcncl n Brent deal of their time in small under-

ground caves, estimation of colony size is difficult. Estimates 

given by various au thors are variable, for example, 5 to 50 is 

given by Walker (lg75), and 25 to 60 by Kingdon (1971). This is 

not only a reflection (If the variations of colony size, but also 

the difficulty of c;]rrying (':Iut accurate counts. Colony size 

might be exv~cted to vary considerably depending on the specific 

ecological setup of the rocky habitats or th" inhabitation of 

fig trees by Heterohyrax Nhich plays a part in determining 

colony size in EthiopiA. 

Ecological Importance 

Rock hyraxes make up part of the grazing/browsing trophic level 

in a relatively unoccupied niche of rocky habitats. Among the 

un~~ulat2s, only the Klipsprinrer depends on this habitat 

(Kingdon, 1971; Sale, 1965; reviewed by Sale, 1970). Hyraxes 

alsD makeup one of the major food sources for C1 variety of 

carnivores such as leopards, pythons, weasels, mong~os0s, foxes, 

etc. livinH in rocky habitats (Halker, 1975; Sole, 1966b, 1969). 

In adJltion, avian predators 'like the ,"agles and other birds of 

prey also feed on them. Where tIle bAlanc~ between prc1lators and 

hyrc\xes 18 disturbed as has happened In p,nts of South Africa, 
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hy:tHxes have become arr,1:icultur:al pests (Kinr,don) 1971; Sale" 

1 %9) • 

lIyraxes hi;lve thick fur and sUPllort ectop<1:tDsites such as lice 

nnd fleas and it is possil.1. that they may pl~y 8 role in 

disease' transmi.ssion since hyraxes are knololn to be susceptible 

to bubonic plague (Kingdon, 1971). Other Insects also depend on 

hyraxes for blood nleills, especially sandfli"s. Ashfot-d (1914, 

1977) reported capturlnH 9 species of sandflies from hyrax 

caves. This association between sandflica and hyraxes provides 

1:he basis for tlle!r role as animal reservoirs for cutaneous 

leishmaniasis in Ethiopia. 

Gener.al remarks and aims 

The int"raction hetw""n L. ,,~thiopicil nnel th," rock hyraxes has 

resulted in 3. par.asitic system Hhose nature 

described only from th~ theureticnl point of 

logy and immun(~ r(.!sIJonses of infections in 

(If int~rAct:ion is 

view. The piltho­

these hosts, and 

therefore the. fate 

kno"oln <> The degree 

of 

of 

the pRrasite in this system are 

susceptibility of these anilnals 

not >11011 

and the 

extent to which parasitE.'s a1:(: present(;d to th(-: vectors is also 

unclear. It is well known that chronic susceptibility encoura­

ges long-liv(--d patent infections in the host "nsuring trans­

mission of the parasite fo),m host to host. This is true for 

h0st-p3~"site systems in which equilibrium has been established 

<1n(l the host eX1)ey.iencr~s minimal dflmage or pathology (Boulder, 

1974). Cutaneous l"ishmeniRsis, as a diseas" in man, is a 

reflection of, Rnd manifested by the accompanying immune 

phenomenon~ 

The nature of immune 

lugicai processes in 

vail'S has been poorly 

l'C'sponses and the 

chronic infections 

studied. In L. 

r.esulting immuno-patho­

of wild animal r"ser.­

aethiopica infections no 

suitable animal model has so far bC0n described. It infects the 

hamster only with difficulty an~ mice nut at nIl. (Brny Dt al. 
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1973) althuugh ChLlds ct al., (193 1,) dcmonstr.'lted symptomless 

inf~ctions il\ 12 strains uf inbrl:d litlce~ In the wild~ wllere an 

i n tim a t Q h 0 s t - pi I t {1 sit e r -~ 1 ;j t i u n 8 hip xl s t s, ;\ 11 i m.:1 lIe i 8 h -

mdniusis, includint~ EthiopiClI1 CL~ presC!nts itHelf morc as an 

occult Infection than (NelUel and llchin, 

AshfcHd 

Ethiopia 

et al., 1973; 

the abs('ncG: of 

as a disease 

Lemma et al., 

actJ.ve lesions 

unpublished data) 

or ulcers 1£1 wild 

1982; 

In 

caught 

hyr3xes from ondemic 

parasite relationship 

An understanding of 

natural susceptibility 

areas Is suggestive of a stable host­

free from immunupathological consequenCES. 

the immunologic;]l bnsis underlying the 

and subc],inical infections would help to: 

a) assess dingncstic meth()ds in determining natur~l infect­

ion rates in tile wIld. 

b) provide dota on leishmania infections in the animal 

resc~voir so thdt comparisons can be made with the infect­

ion in mano 

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

DIld non-endenlic for cutaneous leishmaniasis and to: 

a) Study the bioloGY parameters of hyraxc3 so as to 

provide th2 beginnings of a dAta base on hyraxes in 

Ethiopia. 

b) Study the diffeJ:C!nces in immun2 responses he tween 

llyraxcs from endemic and non-endemic areas. 

c) Initiate" Expel"iment"l J.nf2ctions in hyraxes in order 

to detct'mine the fate of L~ aethiopic[l parasites in 

these aninluls and to study the way in which the Immune 

system of hyr8xes resl10nds to these infections. 
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MATERIALS AND HETHODS 

Study Areas: AreAs endemic onel nOIl'-E~ndcmlc for cutaneous Ie lsh-

manlasis were chosen for th~ study 

Addis Ababa (r,,-ub3bJ.y non--"nd(!lIlic), 

Vlef Hasha (non-endemic) in Sho11 and 

(non-endemic) in Gama gofo. 

including, SebL't,J (endemic), 

Debrl' llerhl1n ("ndemic) and 

Ocholo (endemic) I1nd Konso 

Animal Trapping: Locally made Bnare traps and commercially ml1de 

11v(.-! traps \oJ'er.e se.t at the entrflnCeS of caves, rock holes or 

tree bUrrOYlS, <.lnd a t feeding grounds. The types of traps used 

Is sh(J\oJl1 bl:'low~ 

Harvart trap (Ossining, USA) 

Tomahawk trap (USA) 

Upring ,loor trap (make UnIcOi-Hln) 

llollow wooden tr,llls (France) 

Steel wire snarES (Locally mode) 

The most effective method of capturE W.::l.S unbaited steel ~·]ire 

snare traps used by the loc.al people and most of the animals 

used In this study loJeT.12 captured using them. Commel:clally 

rnnnufactur.cd, and halted traps were much less successful and no 

hyrnx were cnptur.,d 1n either the Harvart traps or the Hollow 

wooden trclps and only one hyrClx in ec-1ch of the other makes. 

However, snnre traps occasionally killed or injured the hyraxes. 

Anlmnls HC:r(' also cnpturE'u by hand and also flushed Into t:raps 

usIng smoke cartridn8s (Tradoc, UoK.). In general, baiting was 

unsuccessful and no bait wns identified that attracted hyrax. 

After c.C1[.lture 

fication ear 

all nllimais were sexed, 

tagso The animals 1.;rere 

weighed and given identi­

examined for the presence 

of ectoparasites and th~n trented with R dip insecticirle 

(Asuntol, Germany). 
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Maintenance of Hyrax: Initinl experience with both larBe (1m x 

2m) Clnd sIIu111 outdoo"(" c.ar;cs ShOHlC'-rl thal these ~·lCr.c: unsuituble 

for. maintcIl:lnc(: of hYl:::lXCS si.nce: the death rate a[tc.:t: capture 

was ;!xceedingly lligh. Subsequ0ntly, all. 3Ilifnals were kept 

1n(10.:.)T.8 in hcatc.:o rooms maintaiacd at betHl:!Cn 1B and 250C for 

the hiuhland Procavia nnd 25 and 320C for the lOlY'land 

netcrohyrax. During tIle day cages w~ru often taken cutside and 

placed in a sunny location so th3t animals could sunbathe. The 

regular feed Has cabbage t supplf~mented with french beans, 

carrots, .:lnd uccAsionally Brass. InItial.ly drinking "ater was 

~rovidad but since animals were n('vcr observed ctrinlcing this was 

discontl.nued (except when young Her.:c born). HOlH:!ver, despite 

this, c.opious urine \-13S produced (presumably from the large 

quantlties of cabbage consumed 

per I',eek). 

approximately 12 kg per hyrllx 

Once animals were su1)jected to laboratory infection, their cages 

\ol(!re covered 1,-1ith a fine mesh cloth In order to 8void any 

uncontrolled transmission between animAls and to humans. 

Parasitology: All animals wer~ screened for infection with 

endoparasltc:sQ 

a. ) Per 11-' her a I b 1 " 0 d f i l m S I"" r to s t a in e d wit h G" i m s a and 

examined for ~he preG~nce of ilBumo-parasites. 

b) Fecal pell(~ts Here proc.essed Hccordiup, to the methods 

described in Technical bulletin N,,, 13 by the Hinistry of 

Agriculture, Fisheries, "nd Fc,od Development, London (un--

dated). Fec"l cultures Here set up to study the third 

stage larvae of nematode infections, althou~h unsuccessful. 

c) Normal skin from thE.' bare pf\tches ;)n the nosE' and ear Here' 

sterilized with 70% :Ilcohol and smears :1nrl samples f,)r 

culture 1'I(,r" taken Idth a 23 g'lUge needle (Hendricks, et 

al., 1979) and 8ith,'r fixed and stained with Gelmsa or: 

inoe:ulated into NNNN medium. Cul ture:s were incubated at 
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24°C anrl examined w~ekly for 4 weeks b~f0rc discnrding. 

Hematology: HnemcEl.:bin levels \-1I.-~;-C d~~terrnin\.~d us.i.nr; Snhl:i.'s 

(Acid Hemntin) metilod (PaliR ond Mehta, 1982). T()taJ. \,hite cell 

counts 'were ffir:1d8 and diffl-!rentinl counts perf0rml2d un Giemsa 

stained IJreparatlons. 

Histology: Skin bic)psies were t~kon fruIn normal skin, Inoculated 

sites and skin test sites usinll a 3 mm biopsy punch (llaker-

Commins, USA). Necropsies ,,,ere also uhtained from lymph node, 

splo~n, and liver~ Tissues were fixed in ]0% buffered formalin 

and secti()ned at 5 urn after rt:utine processing. Tissue sections 

were stained with hematuxylin and eosin~ 

Parasite Culture: The diphaslc medium NNlIN with Locke's solution 

as [in over1;1Y was r()utin~ly us~cl fur parasite maintenance nnd 

cultivation. One hundred units of penicillin and 100 ug of 

streptomycin Here added to 1 ~O ml ·:,f the overlay to control 

bacterinl cl~nt~minants~ The statir)n3ry phase promnsti~otes were 

harvested from 9 to 11 day old cultures incubated at 24°C. 

Far.:::tsites were 11so routinely sUhpossC3ged ev(~ry two weeks in 

this medium. 

Antigen Preparation: Stntionary phase pr:1mastigotes fi0riveJ from 

a p n tie n t wit h i 0 cal i zed cut fl n e 0 u s Ie ish nw n i a sis "1 Q r (! groW' n :) n 

NNNN lnedium, harv"stad by c02ntrifngati()n (2225 g) at 4°C and 

washed 3 times with saline. The washed promasticotes were 

killed with 0.5% phenol-saline and Hdjust~d to 1.5 x 108/ ml. 

Sk1.n testing: Cell mediated immune responses "ere assayed by 

rOll tin e ski n t est i n !~. us i n g the rt n t i g en pre par a t i \) n des c r i h e d 

ab()ve and the diameter of the skin rencti(ln was measured at 24, 

'-18, <lnu 72 hours i1fter testing. He, w eve r, sIn c e the r 2 'i s n :) 

estahlished dl,)se uf {Jromastigotes fur use either in humans or 

other ~nimRls dose rcsp()nse curves were c()nstructed (FiJure 2). 
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Appropriate dilutions of the skin test Dnti~en were prepared in 

0 .. 5% phenol saline and O.1ml ':f tht: StlspLnsion Has injected 

1. n t 1:" a m~ d c r m n 11 yin t. u the s h fl V '-'- d :r U III lJ ~ ): I: hie h (1n ini tinl 

experiments tile hind fo()t pad was us~rl but this was f·Jund to be 

unsatisfactory since the CV was up te. 175%). F .. Jll!)Hing this 

experiment a dose of 7.5 x 10 6 promastiS0tes was adopted as the 

dose of ontigen in 011 subsequent experimEnts t03ether with the 

standord humon dose (0.5 to 1.0 x 10 6 promastigotes). 

Antibody Titrations. Doubling dilutions (final volume 50 ul) of 

heat inactivoted (56 Q C for 20 minutes) test antisera were mode 

with phosphote buffered saline in flot bottomed microtitre 

plates (Flc>w Laborat"ries, U.K.). To eac.h well containinll 

diluted antisera 50 ul of a live, stationary phase, promastigote 

suspension (5 x 10 6 /ml) was a<lded. F')r the determination of 

agglutinating antibuoies these plates were incubated for 1-2 

hours at 24°C (althouf:h afq~lutin,'"ti()n was still present in 

positive wells after 24 hours). After incubation aaelutination 

was scorce) by micro and macroscopic observation 0f the promasti-

gate suspension. Wells containing nl) test antisera and antisera 

from immunized hyrax and rabbits were routinely included as 

controlso Thu agglutination end point was taken as the dilution 

of the last well which contained agalutinated promastigotes. 

In experiments desi80ed to d0termine the presence of complement 

fixing antibody the assay (IAEA, 1982) was modified by the 

addition of () COml)l\~ment source (sec results sectir)n) follo~yed 

by a one hour incubation at 24 u C and a further huur at 370C to 

allow the complement to become activated. Immunized hyrax and 

rabbit serum were included In all assays as a positive control. 

The end point was taken as th,< dilution of t he! las t Hell in 

which 50% of the promasti~utes were lysed. 

Immunization: Hyraxes ,"nd rCibbits Here immunized Hith 5 x 10 7 

promastigotes which hod been fixed with 1% formalin, woshed, ond 
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emulsifi~d with Complete Freund's Adjuvant (Difca, U.S.A.). The 

animals H2l:C immunized 8ubc.utant'ClusJy in 3 sites (nec.k, flC1.nk 

and l.-urnp). \12ckly 

killed promastig0tes 

1)I)ostcr Injecti()ns were ~iV{!11 with wht)le 

(5 x 10 7 ) ur the.;:' S<lnle number snnicnted for 

3 to 5 minute,s at 110 t,) 150 watts flt 4"C (Lahline Ultratip 

Lahsonic system, U.K.). 

used on alternate weeks. 

The tHO preparations of antigen tY'ere 

B(Joster injections were given together 

with Incomplete FreunJs Adjuvant. 

Species Identifiaation: Hyrax skins and skulls have been sent 

to the Natural Histcry Museum (mammal section) U.K. for confir-

mation of identification. In addition, live animals and museum 

specimens were examined by Dr. Dick Ashford, Liverpool Tropical 

Medicine and HYRiene during his recent visit to EthIopia. 

E c t i.J P II r a sit can den d 0 P £l r sit e s ,oJ Ere a 1 s ,) sen t tot heN a t u r a 1 

History Museum, U.K. for full identification. 

Experimental Animal Inoculation: EX}Jerimental animals, hyraxes 

(18 Pr'_'cavL~ and 6 llet"ruhyrax), 3 gelada bClh',)ons, one "live 

haboon and a grivet monkey were inf~cted by suhcutaneous 

injection of 5 x 10 6 statiunary phase: promastigotes of L. 

aethiopica "'hich had been recently isolated fr.om patients ,>lith 

LCL (Isolates 1336/86, 1627/86 kindly [H')vider] by D1". Genene 

Mengistu, Armauer Hansen Research Institutc)o 

Experimental Macrophage Infection: Mononuclear macrophagcs were 

obtained from hyrax spleens cells (2.5 x 10 6 /ml) cultured on 

coverslips in 24 well tissu0 cultura plates (Flow Lab"ratorics, 

U.K.) in RPHI 1640 (F10w Lab,)ratvrics, U.K.) supplemented ,dth 

10% foetal calf serum and penicillin and streptomycin. Af t e r 3 

days elf culture at 37"C in an atmosphere of 5% C02 in air, the 

n(Jn~c.ldhercnt cells ",ere washE:d (o·ff and fresh medium added tn the 

macrophages. S tat 1 t) n a r y p 11 a s e tJ r .) mas t i.:1 0 t e s u f ( is :...;1 [t t G 

1336/86) Her.e then added at an a!,pr'lxim"te ,larasit" to macr',Jph-
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The cultures \'lcre incuhnted at 37')C and 

samples were takeIl every ~5 minlltes f~lr fixj.n~; Hnd staininl~. 

Sand fly Biting Experiments: Lal",l'atory re.arcd and ",ild collec­

ted (frum Addis Abaha) ~, l"nbil'eS Here eith,or forceJ cor allowed 

tD fl:ed on the n·-.!ses of hyraxes that had been experimentally 

infected "lith L. a"thi'~piea using prEviously described methods 

(F"ster, 1972) iJnd using a m,)dified versi'm of Barraur\'s cage, 

EnUi)r~ed snndfliEs were maintained under conditiuns described by 

Foster, et ale (1970) and dissected and Qxnmined fc;r the 

presence ')f pr(lmastiL"::Jtcs 2 t;) 8 :lays later. 

Field Observations: In 

locAted by pellet hea~Js 

Tracks, paths, caves and 

day observatilJn periudso 

the fi~ld hyrax col~nies Hern initially 

U1' urIne sentinels in r("lck formations. 

feedin;~ nreas l,oler0 identified by ,~hl)lc 

Col~""ny sizes W€l'e estimated by total 

counts of flocks le~ by family hea~s. This was especially 

1)Ossiblc when c0lcnius 

few lone stray hyraxes. 

to Gvacuate their caves 

during trapping. 

Here less is(.latcd an~ \.,hcn there were 

Counts were also made by forcing herds 

as a l:csult .)f excessive human activity 
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RESULTS AND Dl5CUSSION 

Trapping and Maintenance 

The nurnb.-:r (~£ hyraxes captured at the different sites bpt\Ycen 

Octuber,191.16 and Hay, 1987 is shuwn in Tnblc 1. A total uf 70 

hyraxes HerIJ captur;..::d lfi!)st -:)f Hhich t'lere caught using steEl 

snare traps (73%). It is .'l;'parent. from the tnble that fc,"er 

animals were caught in endemic are3S ani this reflects the 

diffic.ulty d£ the terrain i-o thl:~se areas, higher human habi­

tation :lenslties anll p'Jssibly InT,ver nensitics of hyrflxo In 

areas such as ~'ll2f Hasha ~.,here. hyrax ctensi-ty '\'las hiEh anii humaTl 

interference was minimal the hyrax were 

t~ ei~ht hyrax a day were C8[ltured. 

relatively tame and U
" I-

In contrast, 24 days 

tr<-lpping at Ocheln, Garno Gofa~ only resulted in the cnpture ,;f 

t w,_, ani mal s • In p.enera1, lh-:teruhyrax were m lre diff1cult to 

qlarmed by human 3ctivlty. 

Table 1 - Numbers of hyraxes cap cured at different localities 

Locat1on Fem111es G(2flUS 

Hef H8sha 15 14 5 Pr.·)cc.via 

(3600 m) 

Debre Berhan 4 12 3 Procavia 

(2750 m) 

KJnso 10 5 Heternhyrax 

( II,on m) 

Ochnlo I I Hcterohyrax 

(ZIOC m) 

Figures In parenthesis represent th(~ a1titurle 1n meters 8.s.1. 

Hyrl1xes t.:'.IJu1J o\)t be ca;)tul'("l fit SE:beta C'10 ,j AJ'Lls Ababa. 

1 AnimA.1s GSC<-lllcd b(:fur2 sexin;._s 
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Th,: '.-verall mall';: t() f(.mflle SI2X ratic) ,')f thl': e;:-li,tUl:C,-J animals \'las 

p';lrtic.ular :3 l.: X 0 

General Hyrax Biolo8Y 

The mean values for haemo;~lobin .:-'tnd t'.)tal and (lifferE.ntial Hhit~ 

The major feature uf the 

humatul~gical picture of the hyrax ·is the absence of basophils, 

a f eat u:r e t hat i s ;J 1 s ~_) i' l' Q sen tin 1 abo r [l t :-, r y m i c -2 ( H u d son and 

Hay, 1980). It is n')t likely that the baso\.,hils "~'erIc missed 

since in th~ course ~)f the inv2sti~nt12n I)ver 4000 white cells 

Here examined. 

The hematol'.1g1c.ql chanr:cs durJnj-; leishm.:lnia infcctit:ons descr.ibed 

prevl:)usly are variabl,,~ and (~evenct \)n Whl.:.thL'r the parasi t~. is 

restricted to cutaneous lesi'."'lns, metastasizinr; n)dulcs or is a 

viscGralizing strain (Hoischer and Belehu, 1982). In this study 

the (lnly si3nificant chani~e WAS an incre3se in the i)r:)~ortion of 

e~sinl,)IJhils from a ranr,e (If 0% t:) 4% in un1nfected animals to 

1.5% to 26.5% in infectld animals (" < 0.05). HC-\<l2VCr, it is 

r,ossible that this increase is nut (1irl2ctly Jue to infectit)l1 

with leishmania, but may be the result of increased helminth 

The body "loights c.f each animal were rec·)rded soon [lfter capture 

and tile meAn values and ranl~eti arc shown in Table 3. Tht~ mean 

adult W12.1uht " ' 
fnr Procavia was ap~r,)xim~tely 2. 5 k/-~ and that of 

Hc.terohyrax 1 .. 0 k'~. Although a number of Pruc-.avia youn.~ were 

born in c.aptivity nnne uf thEm sUl"ViVel~ m~)rc than 35 days. The 

mean body ~',eights <)f newblJrn Procavia Has 238 g for females and 

207 g fl~r males nn,l u~~ to 35 :oys there was a linear incrense in 

weiBht with time (correlation cuefficient = 0.82). 

Hyraxes kept in ro~ms where the overnight teml)Cl"ature fell belc)w 
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Table :1 - Hematolor,ical data of Hel:cr(-,-hYl~ax and Pr·,)cavia 

l J rtram0ter HC't(~r Jhyr;'lx 
Htl.l('s·· If,?'filRlcs 

Ft'~!cE1vlc1 
t,1.11 c s ·------F(!ma Ie s 

Uc'b in t~ % 903 + 2.5 9.6 " 0.9 1 1. I, + 1.\ 10. 2 + 1.7 

HIlC c(',un t 341J + 380<) 101,00 + 0.0 10856 + 4551 87')5 + 2715 

Differential Count (%) 

Ncutr"phil 12 - 85 25 - 51 47 - 7<; 45 - 82 

Lyml'h<>cytc: ]/, - 83 HA 13 ,- 41, 16 - 52 

N'Jn')cytc 1 - 3 1 - I, 1 - 10 2 - 6 

Eusin(.'phl1 NA 0 - I, 0 - I, 0 - 3 

-------------------------------~-------------------------------

Values sh,~'Nn + 1 stand[il.·(~ dt:viLltiono 

NA = Results nc·t aval1aLIc 

Table 3 - Body w"ights and tempera tures in Heterohyrax and 

Procavia 

PClr.aml!t~·r lh: t 12 r') hyr (1 x Pr'_leo v ia 
Hales Females ~lalEs F0m~lEs 

1004 -1- 131, 2652 + 608 

Tcmpcratur12 1 3705"C 37.5"C 

Iltec.tGll tf_~m;)(:rature di r \ n\·t :lif fL:'r hetH(c:.l...-n SCXE::8 :lll<! the results 

22 



7 ., C h ,) ,1 ext r l'm '- 1 Y hi,', h m ( r t ... 1 it y rat" s ( "v C t' 20% ) '.' s p (; cia 11 y 

lIIhen lC\ytime tcmiiQr.atu):"ps ,]1<3 n(11. r.ise sufficlently ,)1" thl~ 

;} n 1 mal S '\0] (! l.- c una lJ 1 (~ t ,', Bun bat h G • In b ,) t h lI" t e r '.', h "Q X a n c1 

h(HoJ'12Vc.r) in animals Jyin~·; nf hY':1uthermin 

steil(!ily f",ll as l",·, ;]s 27 -C, 81thuu"h 

reci.Jverud a.fter its b..:)(ly tcm~)('r':--tture had 

the l)(,.:ly temperature 

i n '.~ nee fl S (! H h Y r a x 

fall"n to 32('C. It 

al'pcared that the hyrnxes c'lming frc)m hl~tt~r areas such as KUllSO 

~.;rerc more sensitive t(J 1 (}\'l teml)CrCltures especially so fl)r the 

sma 11 e r s pee i c s :~j f lIe t e r 1} h Y r.:'\ x • 

Colony siz(' \.,<-18 an extremely difficult pFlr3mcter t(l determine 

and 0nly l:OUf.:h estimates could b..:: mar)e from day long oos8rva-

t1')n8 ()£ inrlivicual 'cnl{Jnies. The cstimat(~..l c,-. .).f.lny sizes 1;!Jerc 

variable, ranning frum about 12 hyraxes (Iletcr.)hyrax) IJer colony 

at Ocholo tu 40 hyraxes (Procavia) p(:r ci..ilony at Hef \vasha. 

Dependi n2 on t h6 1 (lcal dc-.nsi ty '.)f the huma n V~JI)ula t i on hy raxe s 

ColoIlies may be within a few meters ;)f human habitation (e.g. 

OcholD). 

The hyraxes :)os€rvej in this study (~Id ll.)t a~)pear to sho~ .... any 

f () U d p r £ fer € n c e s but f c:J (I n i1 n y 1 0) C a 11 y a bun Jan t v (: :.~ eta t ion. 

Llmite.J examinatiun ()f hyrax caves at \<lef l~asha ..1irl not ):eveal 

the pr8sence ,jf any sandfli0s 0 

Hyrax Parasitology 

The results 0f end(~, and ectopar~sit~ cxaminati)ns nrc sh0wn in 

Tnble I~o N., infl,rmatiGR has yet been received fr0m the British 

Nnturnl Hist-:'lry Huseum nn(l therefore. n'_, firm identification tCI 

th~ SIJccics l.evel is f~ivLn. 

Exalnination of sto0l 

(2 Heter(,hyrax an.1 16 

4 "f these hyraxes 

materIal Alld/nr ~ut cIJntents af 18 hyraxas 

~~~;)vi<l) and frum the flutui:SY material of 

rev",:.all.:;·~ th."t. the c:)mnL.,ncst :,ar.3.Blte 'W£\S 

!rich.Jstron~·~yl\)ldes 'Hhleh \.,as [.'l'es~nt in b(lth ~h-::t(;rohyrax and 
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~rocavia fr~)m aJ.l 0f the l0cntilJns stulJied. Tllis 1s R c~\mm()n 

Tab 1 c 4 ~. )~ n d () par a sIt l~ S c1. n d e: c. t. 0 P a l' a sit e ,') f ~!d~ __ ~,_c:._E..?_!~_~~~~~_~ a n c1 

l>rocavia 

l'ar3si t(-: Stages p):e:scnt Numbl';}: p:-'si ti vc 

Ascaris 

Toxucara 

Lice 

cg~s/1~rva/8Jults 

e~~rs / larva 

a..:lults 

a·-!ul ts 

2/18 1 

8/13 1 ,2 

2/18 1 ,2 

2/18 1 

26/35 1 ,2 

21/30 2 

pnrasitQ of herbivl.'.r·\us anImals (r~G.:tver et 31.) 198 1!). 

HetcrL,hyrnx examined had Ascaris 'JVA, larva and adults and one 

"t'13S mUltiply infectc:l Hith Trich~)stu!1>2.yl~)ides_, Ascaris, tape-

T,.,orms and 1'(,x-:)carao Cyclo~)hylll"Jean tape"'Drm in£ccti~)ns were 

thc Fut of h,'th ."en('ra (th" scolices h::ld f··)ur suckers and 

rostellum Hlth,)ut ILJi>klets). 1'hl: ta;JE:vl<)rms recovered from the 

tHo) r;enera nre i-)r:)bably t-,..,,"'I diff€-~rent species 0 

Repeat~d smear. an-i cultur.e examiIlnti.)n uf skin fr~;m the noses 

and e;-lrs f'-)l~ naturdl l(~ishmilnia infection did not revcrll any 

infectl2rl animnls, even in animals fl.-_,m endemic areas. It is 

possible th.'tt infcctidns -were n~)t detected 1n the tHO nnimals 

captured from thL en-j(~mic are.i.'l of Och(Jl~)~ hecause uf the small 

number involve-J; <'In.::1 alth,JU;3h an infccti';n rate Slf betw<2(;:n 13 

and 20% h.,s b""n repc-rted fu~ hyraxes frcm this area, by ch3nce 

these twa nn1mals mif;ht have been uninfected. The ~ther nnJemic 



Flreil fr'Jm ·\'1hieh animr:ls Wer(.;: CCl~)tur(:d \<1<18 Dcbl-e Bcrhan. l:lt.Hlcvcr, 

in the tral,rinl"' arf.~2 ~:Vl'l': .~l t\"l:) ycar pcri'Jrl, .inly t:\'l~) c:.:1ses (If 

human lcishmtlniasis "l{~r(~ rec.)r'Ji?(' (un.:! nctivE: l(~s,l(Jn an,"1 t·Jne 

s c [\ r) anI 1. tis the r" f 'c. r" un J. i Ie ely t h" t I: h c 1. n fcc t: i:' n 1::\ t r.: () f 

hyraxes wus high. 

Clinical Aspects of Experimental 1noculation 

Ex i)(! r i n. un tal in.) cuI <1 t i ~) n \'1 i t h L. Cl e t hi LJ [l i c a ~Hl s car r i 2 d ~) uti n 

26 hyraxes (8 ~iet8r"hyr·.\x ,JlId 18 Pr:JcavJ.a) 4 baGu(llls alld one 

The animals were examinerl flJr i~ross ~nthuloeical 

c h g n i' e sat re~ular intprvals U :) , to 160 days after inoculation. 

The results arc summarized in Table 5 [In.-1 it is cleoT. from the 

d(1t[1 that inr)culation with L. aethi .. )pic<1 j)(lrasites c.:lused very 

little clinical c.han?,f2s in th\-; hyr8xes in contrast tt} the 

chan.:.~cs observud in the priHl.:1t~S. This Al,parent situation of 

8ub-clinil'.al infecti:"Yl in the hyrax confirms prl2vious !.'ellclrts on 

natural 

1973). 

L. a2tl11.upica infcc.t:L'ns in hyrax (Ashfcnl, (,t 01., 

Ll:~mmQ~ 2t nl., l\n~'/ublished repurt) wns also unable to 

1:' r (J( 1 U C e ;.) h v i () usc lin i cal s y III ~~ t .) m sin e :x 1: c rim e n t n. J. 1 yin f e c t e r1 

c8.ptive animals .. 

I tis c v i d 12 n t £): ~'m Tab 1 e 5 t hat un 1 y ben i ~t n :J run n () tic C [l b 1 e 

vathulu;:y rleveJ(lpeJ in th~ exrerimcntally in~:culated hyraxes. 

In the. eX~"ierimental inncul£ltions, tiny papules, bumps, scars, 

ant! vatches dcvelupc:rJ; ELnd since j)arasltes cuuld l)()t he isolated 

0r i:lentifi~rl in these lcsinns it is possible that they were due 

This is in parullel with the uhs~rvatiun" made 

()n naturally infectEd hyraxes (Asbf.)J:c] ('t al., 1973). 

It Is very Jifficult I: nxvlain Hhy jar3site could not be 

i II c n t i fie'~ -n' is" 1 ate rl f ') J. 1 (HI i 'l); ex;:' e r i TIl en t " 1 i n u c u 11, t i "n s 

[\ 1 t h () ugh P 1: e vi () us i n v cst i ?t at) r s l;~T \..:: r C <11 S _, una h 1 c t (1 i s 0 I ate 

"I: 01., 1973). ThE: SDme in:··c.ulUJll Has used to infect tH;) babo':Jns 

Hnd one monkey~ anr"~ l£si,)Tls \\lL're pr::J:luc(:,J as cnrly <1S 31 days in 
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'" 0, 

Animal Sp. 

Hetero-
~--~ ny-rax ~p. 

-rS"F" , -
Procavia 
SlJ~Ci:3)~ 

Papio 
anubJ..s 
-" -;-;-:;r--

.1.. :" J 

Theropi-
::hecus 
gelada~ 

m* 

Cercopi-
tfleC1.IS 
aethicEs 

(1)~ 

Table 5. Summary of cli~ical features 

Crusts, Sunken/raised 
flakes & 

NAD ~iny scars Induration patches Bumps 

0 

7 0 1 

8 4- , , 

" 0 0 v 

~. 
'0' 0 0 

0 0' 

( )-. total number infected 
NAD ~ No !\,bnormali ty ,Detecte,j 

i 1 

3 1 

,-, 1 v 

0 

0 0 

Tiny papules Large~ pap~les i cers 

« 2~' ,~ •. , 
.~mms) lL.~-~mms) :ice::s 

0 0 A 
1...,' 

2 C 0 

0 C- O 

D-

1 
'" 



tim e t ::I k ... -; n f ; I l: the de v t~ J. "-. I' Tilt.:- n I: '1 f t hi.: .1. c s J .j n J nth Q p. r i vet 

mvnkey is "j"Jruh.(1bly du~~' t, the: fact that it -H.'1S Given Cl divided 

(10S0 of 5 x 10 6 in three siteso TIle l~slon lin I:he grivet monkey 

formed a crus t \oIi thin tW(; Hi2<-~ks )f the lC!si~)n ~\p-I)ca:t:ing. 

Sm(~[lrs and cultures frl--;.m these lesions were l'ositive for 

leishmania I1arasit0s. The nodular lesi()ns fr0m the babtlons 

started to regress 'Hithin 8 \<leeks \"J.thout formin h ulcers ')r 

Bures o Durin,.~~ Clnd after healing the lesions \'1fCre sme[lr and 

culture negative. The immunulo,r;ic.fll chanr;es in these nnimals 

have not yet been investigate.t4 

Sin c en', ;', a r a sit esc" u 1 c1 b ~ i rl c n t i f i EO ',lor is,) l" t e ,i f r" m the 

lesiuns in hyrClxes .3n in vitr;) [IprJro<lch '\1as used to Qxamine the 

initial interactil)n oct,",C'en the 't,arasite nn::l the hr's t .. Nacro-

pha{le cultures deriveJ frolll svl-2en culls were infected with 

stati~)n3ry phase L. <3.ethiordca l1romastigotes nt'. an approximate 

Samples were taken every 

25 minutes f(:,r. a series of 12 ;)02rio.-1s and then fixc~t and stnined 

in Geimsa stain. Tho percentaJe ()f macrophages infecteJ durinH 

the eX[)(H'iment is sh(mn in Figure 1. 

infectod between 25 and 50 lninut~s and then infectiun stabilized 

until the macrophal1LS begnn L.J die. ,Iff 0 Only a small pruportiun 

uf the macr.ophages « 10%) remaine,\ uninfected aftet' the first 

25 minutes. At the end of the ex"e'rim(;nt (275 minutes) the 

majority (98%) \oIer<' packe,1 <<tth amastigotes and many had bUl'st 

releasing .:lTIHIStif,,:)tI2S into the me-Jium. Th" rapid increase in 

the. pet'centrlge -:,)f infected macrnphages t8wards the end I)f the 

':2x?criment may be. due:: t~) reinvasion hy l-eleHsed am2.stip,lJtes. 

Th0 rate of u;Jtnkc 0f the i'r.omnsti,'otes by macrophages was very 

r a ~ i II an (1 c lea 1: 1 y de m 0 n s t r. ate s t hat h y r a x m Cl. c r D p hag e s f1 r e 

capable ,)f suppurtin\!, the .1.mastigDte stage of L. Aethiopica in 

'1it1'Oo Hyrax rnacr··:;Jhag(.~s take up L. aethi;)picEl promastir;otes 

much more ra~)ldly t110n human macl'orha~~es since even after 2 
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ill)UrS Incubatlc)n ~t a slmllor ~);lraslt2 to lnncropha~~c ratio 0v~r 

lfO~(' of hum~n r'E~:ciph('l:!)l hlc'!d mttc:tr~ph,q:').C!s remain unin£ccted (D. 

1lumbcr, ilCrSr'nJl c.'.mmunic~ti.lll)o 

It is {l~) P ,] .I: e n t t h <.-' r 2 f () ret hilt the £ ,311 u ret () is () 1 a t".l' P;q r R sit e s 

from the site ()£ inoculnti()n af hyraxes is [Ir()bably nc)t due to a 

failure 0£ hyrax maCr~l)haees to tflke up the parasites. 

Histological Features 

HIstc)loglcaJ_ m,qterlaJ. 0bt3ine~1 fram ~xperimental in~culation 

sites \1]38 E:xamIn(-:d after £ixatJ.un prucessing and staining in 

h~matl)xylin tln~1 eosin. In hyr;:lxes, the specIfic fen.tures of 

tissue l"csp()nscs t:.' leishmania that £Ire [()und in man lolere not 

shuwn thrl)U~:h~)ut th~~ fir.st 15 weeks ,)f in;)culatlon.Only non­

sp(?clflc inflammatory cells were seen in the infiltrr!te. In 

add i t 1 l.\ n, t h l' 

extracE'llularly 

int-,culatcd p)~umasti,:··'tes coul(l fJnly 

up to h0ur after 1110culati0n 

he dctectE'd 

aftC!r this 

IlerieJd neither prilmastiP0tes n·)r amasti~()tes coul.1 be detected. 

Dc :r. m .q 1 s era p 1. n ,'~ s :1 n d cuI t ti r l~ s f r (J TIl sit e s 0 f ~~ x per i men tal 

inoculatiqn didnr-)treveal the presence ()f LeIshmania rflrasit8s. 

It is pcssihle that L .. aethiopica_ Infec.tions in hyr;Ixes df) not 

loc.,U.Ze superficially in the skin itt the> sIte nf inoculation 

Lnt that 

by bln,)d 

they 

brJl"n 

.:!J:P rlisscminA.tcd clse~.,h(=.!r(--' 

macrophagl:.\s. AltC!r.nativcly 

in the body, possibly 

localized infection 

m R Y l: e s u 1. t f r () m r (> pea t e c1 1 n (i c u 1 [l t ion in the s o:l. mea rea by 

infccted sandflies. 

Inc I) n t r a s t t (1 the fin dIn;" sin (! x p (--! rim en t a 11 yin') cuI ate d 

hyrctxes, TIl-'3.terinls (Jbt[lined from infectf~rl monkey and babi.J{)ns 

showed eithcr lymlJhocyte in the infiltrate or amasti~l)tes inside 

macrophagus. The histological findin~s arc summ~rlzcd in Table 
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One interl::'stin.' histulC';.'.lc.al :)~}s"::l:vati(;n is the jn::-esenec <)f 

S~.JE:'ttt: glands in the skin r;-r hYl:ax(~s ~ sloe ... -· in ~)rE~vi.-)us invE.'sti-

,[:111,1971). 

Delayed Type Hypersensitivity 

Optimization of skin test dose ThE data obtClinc.rl usin[~ 

different d:.1s('s i~!f kill(d t)rOmastlb:.lt(~S is sh'H'ln in Firure 2. 

Analysis of variance bet"leen the means of the varJabll2 d()s£s*~ 

showed significant differences (F a 8.5, CV = 27%). Th. optimum 

dose was rlQterminc~ to be 7~5 x 10 6 ilrc)mastig0tes per test since 

reactions plat~au above this J()se. Thr(~ughl)ut these experiments 

t'''(l dnses 'v0re use(~, the standard human d'lse (0.5-1 &0 X 106) and 

the higher "ptimal hyrax d~se determined in this study. 

DTH in Hyraxes - Animals were re~)eatedly tested (lJiweekly) (lver 

the entire (lbservation period. The time Ct;Urse of the reactions 

presents a typi.cal DTH reactil)n \"ith the size of the les1.on 

remaining relatively constant between 24 and 72 hours. Nu 

immediate ruacti0ns were (l!)Serverl. A chnractcristic feature of 

the skin test reactions Has that inrluratiun ,,,:'\s rar~ly accom­

panied by erythema. 

The maximum mean indur(]tiDn in pr''::!ffiClstir,ote inoculated hyraxes 

,.,as 205 + 0.2 anr! l}.l + 0.1 millimetel:s at the 10w anc'. hi~h 

dc)ses respectively. Althou?h in humans, indurations ()f 5 mm and 

above are ?;cner<J.lly taken as pnsitlv(! (Hansun-Bahr, et £1.1., 

1959; Nans,;n-!1.:thr, 1961; Fuller ct al., 1980; Le8uHenburg et 

al., 1983) these small resl'0nses ",,!re significantly different 

fro m un 1 n r, c u 1 ate d c (j n t r c, 1 s ( r < O. 05 Figure 3 hi):h dus,,). 

In comparis:-)n Hith r(~s~,::nse to leishmHnia anti8ens in hUmCll1S 

these results A.i1pear to b(~ very lr;t:l, alt~our;h it is possible 

that DTH r£spcnses in ~~enerAl in hyr~xes are not well pro-

nounced. 
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Fig,"", OTiJ In mms of mean imlurnUon fOi' inoculated and 
un 1 nocu J atec! iWUlxes over a per i aei nYf 2'; (Jays 

u '" uninoculatt;(j 
~ '" inoculated 

Pre = Preinoculation 

pre 
Days after inoculation 

B. Uslnfj low (Jose 

. 'rr rl o -_""_,~"J=··EL~~_,,.!Z2i .. ~,,_.~~.~ .. 
pre O~'~5 55-125 

Days after I nocu 1 a t1 on 



It is (liffic.ult tJ! Explain 

s e s 1 ·'1 t ~~ aft ~-, ):' 5. n r,' C U J;1 t i ',', n 

tho ~l)rulJt chan!;~ in the 

sinc.<? t:h~'r0. is [118,' a 

DTH rcsp0n~ 

c')nerlmi t::1 n t 

chanf~2 in the uninnculate:l c;)nl:r.,_,ls. One possIble exvlanatlcn 

could arise fr(Jm hntch dlffer(.!nct-.s in the skin t2st anti[',en. 

Another possihle explanatilJn is that these animals were jl):'osres-

sively sensitized throu~h repeated (hiweekly) antigen 

changes in tht2 control administration. 

animals there is still 

parasite inoculation. 

a significant 

In contrtlst 

study, Ashf(r~ Bt al. (1973) were 

difference ~esultin~ from 

to th" findings in this 

unahle to demonstrate 

positive DTH reacti()ns in hyraxes ct)11ectetl from enrlemic areas, 

including animals from Hhich parasites Here isolatc0.. This 

(liffErence in results may be riue to the low ~()se of skin test 

antigen used hy Ashford anrI his c'.ll.leagues. 

Immuni zation <..,f 

anti~ens rcsultG.j 

(Figure' 4). 

b I) t h l' a b bit san d 

in the deve.lopmen t 

hyraxes with lLishmanlnl 

of str0ng DTH reactions 

PDsitive DTH r2Hctions in l<::ishmauia patients are generally 

strong (although less so in L. aethiopica infectiuns) anJ 

indur.3tions may be ·'s lar:.;c 35 18 mm (Hyler, et al., 1979). In 

the lnfecte J grivet monk(~y an induratl.)t1 of 14 mm was recorded 

at the ulcLrative rhase of the lesiun. The nature of the DTH 

resp()nse te, leishmilnin antIgens fclloHin~ inoculati0n therefore 

apj)eH1:S tu be different in hyr.axes an(\ primates. Hhethcr this 

is an intrinsic t1iffercncE' in the immune responses :If these t1;010 

groups or whether it is specific to leishmania infections is not 

clear. AshforJ et al., (1973) claImed that the immune process~s 

to leishmaninl infections were unique 

clear whether this assumption is 

carefully assessed. 

In hyraxes, hut it Is 

vali,! since CHI Has 

34 
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Humoral Immunity 

Cytolyt:.t.<:c __ ~~"..c~y - Fr<esh nr fruzcn (-lO"C) hYL'" 8('):um c'"ntaincn 

a he;)t~lE\bilc fact( l- ~'JhJc.h Hhen incubnte:! Htth pr:Hnasti(~()tes 

rcsultc'J 111 lysisQ Th~ cytl)lyt:lc. (:ff(~ets ~)f nl.JrRlll hyrax focra 

were c()mpared with s~rn of ()ther nniln~ls nl1d man. Th" ell1 u t i(m s 

Df the variuus s<?:l'a e[lusin r;, 50% lysis are shnt.Jn in T<:lble 1 and 

it is apparent that in all oth,"r animals tested, thnt the 

natural cytulytic activity wss Arcatcr than that in hyraxes. 

Failure or. Sllccess to infect h()st cells prubably depends onthe 

balance between ~xtracellular lysis and ()jJs()nization (Musser and 

Delson, 1984), both of \"hich elL' mediated by c'Jmplemcnt at high 

an(' low concentrations rcspectivelY4 titre of 

toxicity in hyrax serum mlellt l,e relevant in cl1scussing the 

Table 7 Summary ()f COllI)arative serum cytotoxicity. 

Ser.um source LI)g 2 reci~r0c81 titr~ (50Zlysis) 

Human (I, ) 8.5 + 0.6 

Baboon ( 2 ) 7 .0 + 0.0 

[Zabbit ( 3) 6.0 + 0.0 

Guinea Pig (3) 6.0 -I- 0.0 

Hy r ,1 x (5) I, .0 + 0.0 

C.,jn t rr·l (PBS) No lysis 

Numbers in [Jarentheses arc numbers ()f animals. 

equilibrium within the host-IJarasite system ,)f L. ilethiopica and 

rock hyraxes. 

Althnugh naturally occurring cyt~lyic facturs (possibly 

complement factors) 1;>Tt-;r{-1 1,l:(!sent in hYl:ax serum, it "las not 
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Table B Sumnary of cytolytic assays with hyrax and rabbit 
immune Bern 

c 1 Souree 
and 

test rl,,)sc 

Immun(; Antisera dilutions 

Killing (;1 dose 
"NGS 0/6 1, .'> 

:'<Nl{~j (1/32 
*NHrS (1/8 -

1/32) 
1/16) 
1/1.) 

Nun killinR C1 d')sC 
NGS (1/128) 
NRS (1/64) 
NHrS (1/16) 

Serum 

lnfec.ted hyr8x 
.immunized. hyrax 
immuniz\'(\ l:1bblt 

infectEd hyrax 
immunized hyr.ax 
11nmunized tal~bit 

LOH 

;­

+ 

+ 
+ 

*NGS = Normal Gnln:-~[lpig serum; Ni .. S = N{):trnal rabbit serum; 
NHrS - NJrmal hyrax SErum .~. lysis; - - nn lysis 

Hlr:h 

;-
;­

+ 

Table 9 Antibody titre" nf immune "era from hyraxes and 
r.a1obits. 

Antiserum 
S0Ul'Ce 

Immunizerl 
I~nbbi t 

Infcct"c\ 
hyrax 

Immunized 
hyrl'lx 

Cljmpl .. ~mtJnl: 
source And d~)se 

NGS 0/128) 
Nl\S (1/64) 
NHrS (1/16) 

NGS (1/128) 
HRS (1/64) 
NHrS 0/16) 

lIGS (1/128) 
Ni( S (1/64) 
NIlr.S (1/16) 

Antibody tlt:res 
A'.~p III tl na ti Ilie Cy t olytie 

1/512 1/ 128 

1/512 trace 

1/ 256 1/ 64 

----.---------~--------------------------------------- --------

37 



1) 0 S s 1 b let 0 1.1 (~m:l n !3 t rat e c n In r 12 men t fix 1. n g 

:~_(!._t: h !_I.?_i.~~~!~ f) H r a sit c s a f L c:r J. n .) c u 1 at i ,} n ( T (J 1.) 1 ':~ 

antJ.budics t'J L. 

0). In corltrast, 

immunizc'1ti{'1l ,If hyraxl~s dl'] iJr()duc.e c.yt:"Jlytlc. anti-l-.:.·ishmanial 

fi n t i h lJ die s t 11 D t r,.., 0 u 1 c: 1 y s ~: pro m 0. S t if', 0 t (~S i 11 t h I.~ i) r. ~ sen c. C 0 f 

Guincn pig c.omplcmcnt~ nlth.)ugh the titr('s \'lcre 10"'8r than the 

agglutination titres and only abuut half of the cyt~lytic titrhs 

founcl in immunized rabbits (Tabl~ 9). 

Agglutination Assay Naturally 

tination factors were prescnt 

titres of 1+1 .. hyrax sera ran3ed 

occurrins~ hc-at stable, ngglu­

in normal hyrax s~rum and the 

b~t~"e~n 1:16 and 1:64, with a 

mean log 2 recipr')cal ti tre of 5.1 -I- 007. 

lower in newborn hyraxes (2.0 + 1.7). 

The titre. "las much 

Antihuc1y titrations increescd durinr; the first 12 ,',e~ks after 

in () co u 1 a t ion and the tim" c: u "V e () fan t i b (j d Y res p ,) n s e s aft e " 

In()culation is sh(~wn in Fi(~ut'c 5 .. Analysis (,f variance incH" 

C [l t (; S a s i f~ n if i C3 n t d iff ('_ r c nee am 0 net lu-~ mea n tit res 0 f s era 

c:ollect2d at 3 week Intervals (F = 17.95, CV = 12.8%). UsinG an 

LSD at 5%, significant inCr(~HSeS in antibody titres occurred 

during the 6th week 0f inoculdtion. From the data presenterl in 

Figure 5 it is p()ssible to estimate a cut-l)£f titre (at a titre 

of 1 :85) ,'hich ml;;ht be useful In diagtH)sinr; leishmanla infecti­

(Ins in hyraxes .. 

Titration of three sera obtailled from two human cases I)f LCL and 

un" DCL she".eel tell:r,," 'If 1:256,1:512 gn(l 1:1024 ,·espectiv~ly. 

Mean titrcs as high as thl!se were f0und in hyrRxGs 9 weeks P0St 

inoC',u1f1tiun. lmmunizcrl hyraxes Blso produc.c ngglutinatinp, 

antibodi(!s(Fi8.6)o Titres comparable to 6 weeks P[)st inoculat­

ion "'ere attained after the thirrl immuni~ation ( 3 weeks). 

The rol(, of Ilntibn,lies in cutane:Jus leishmaniasis is not clear. 

althouf;b vnriJus prcperties of antib~)(lies IlllVC buen ]cm~,nstrnted 
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F 1 q < 'j Red proca I auq 1!J t j nat! 119 anti [wtly ti t res I)(~ fore 
. amI after inoculation of promastlnotes 
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Fi9.f) I~eclprocal agglUttnatH19 antibody titres 
In artlfinBIlY JrrlfntmlzeiJ hyraxer. 

9, 
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time 1n rweks 
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includin?, anaphylaxis, ag~],utinatil:'n, c~)mrlement fixatic)n, 

1 y sis, in h)' bit). (' n _-, f :' a r il s i I: ,_, (J ,; \'] t 11 ( Tu r k an:l II rye esc; n , I 9 7 1 ) 

and en h Fl nee 111 en t i, fin f (' e t 1. (..I n " '1':' 1Il ~-.':) r rd. S U;) j-', 1: C S s i () n (1 f C (,I I :t n 

vis c era l dis e a s e 1 n n d the inc r c~ a s t.:~ "~ S \,:~ V (! r i t 'y () f c. uta n c l1 U S 

lesions :In guinQa I-').'~" l"r.eimmunis",-~ ldth antii',enic ext "acts of 

leishmania (Zuckerman find IJainson, 1977) are attributed to 

enhancement by c.irculnting antibodi(!so Wh~tev~r the fate of the 

PRl·.:lsit8S Hhich ''l(-!r.e inoculated c::xilerimentally into the hyraxes 

the antibody titre did not rluclinc SUf8estinu that parasite 

nntiflens are still present. In anditinn, thcSE~ antibodies mny 

playa role in either m0dulating the immune',response agAinst tIle 

parasi tes or even aiclinr, thuir uptake by macrophages 0 The 

absence of cytolytic: antibodies in the experimentally inf"cteu 

hyraxes may alsu b~ significant in the survival of the parasite 

in these animals~ 

Sandfly Biting Experiments 

Labnr3tl)ry reared ann Hild c()11l''.!cte:1 Phlehotomus lonnipes Here 

al10wed to feed on hyraxes. Filrced fl2.~dinp, ~'lith the use of test 

tubes (Fnster et <11.) 1970) T;,'lHS unsuccessful. H()H{~VOr, sanc1<<.O, 

flil!s kept in a mu~ifj.ed fiDrraud's (:agc) fed reAi~ily on restra-

ined hyraxes. 

and (;yeli~s. 

Feedint~ took rJ.,-]cc from the nose, nostt:ils, lips 

In retrospe.ct, all of theso sites sh:_,uld have bee--!n 

samplec! in the wilrl cauflht animals. 

Sixteen sanelElies Here fed Gn inoculated hy):axes an·1 85% uf the 

flies ,liaBsted their blood menls within 8 rlays. Since, C.aiJti ve 

~'>ravi(t flies might die after Gvip,)sitiun (Gcmetchu J l)t!rsunal 

communication), nIl were rlissected befllre or on the 8th Jay. No 

infections ,.,ere seen 1n the disslJcted flies. Al thou:"h this 

finding may he due to the sandflies fec;iins at uninOclllated 

sit e s, 12 "f the san d f 1 i e s f e'~ f r <} m the nos e an c1 4 f r "m the 

lips. A single fly required ablJut 12.4 + 7.7 minutes to become 

F(]eding was c(}ntinuc)us in all bites. It T;,vGS calcula-

tcrl that 6 cm 2 of bare skin coulrl sUPI,ort 7 bitin" insects. 
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SUMMARY AND CONCLUSIONS 

1) i(nck hYJ:ax0s .~~~~~~;lV_~~: B,-'~ and 'h:t<;-::!~~).lJ'2-·a~ s:~~ I1v;:: p):lmdll~' 

1y in Hell rrot('ctEd rocky hahlr:.:lf:s in ~o]hlch th . .::y art'; snfe 

2) 

from preclaturs and .::xternnl climatIc Inst3bl1ities .. The 

T.()ck holes and c.ElV'_'S provl(~(! a thermally st<lblc micro­

climate 'Hhich Is hi;~hly suitable fc)r hyraxes ~'lhich [tr~~ poor 

therm()reeulatorso The location ~f hyrax colonies in rocky 

ha.bitats ffil.JanS that trappin['t Hith conventional live t:raps 

is unsuccessful altlluu~h local snare traps were relatively 

efficient in some 10cations. 

and bre(!:J In~-_: of hyrax(,:s coulrJ be unncrtaken 
, 
on 

a 10 n t; t e r mba sis 0 A 1 tho u ~~ h the 1 J e ale 0 n cl i t 1. 0 nsf 0 r 

establishlnf~ a culony have "CIt beQn analyzed in this study, 

(Jne important rQquirement is th2 neetl for thel'mally 

rCBulntecl 11nusin~e 

3) Enrloparasites of hyt:axQs f')und in this study include the 

i1scnrid 'tvorms (~sc.3ris. and TOXGCDJ:a)) Tl"ichostrongylLides 

and Cyelophyl~i(iean tapeHJrrllS g Thccs8 helminths "nu thE' 

ectopnrasites 

It;'-~vel .. 

hav~ not yet b2GIl irlentifi(!d to the species 

4) Experimental in()culatlon of hyraxes with L. aethir)picn did 

n v t t: c s u 1. tin f: vcr t eli n i c a I 1 (? S ion sIn a (~ d i t i (j n , 

parnsites c:)uld not be isolated or observed in lesions 

except immGdiatcly after inuculRtion. It must b~ ~ssumed 

that these pElrr·.sitcs are eJ.thc.r. ycry ra~)idly remove:--1 from 

thE site uf inocul~tion or. are killed by the hyrax immune 

system. 

5) Hhi,tever thE rC',,,son fur the lack uf [,,,r,,sites HJ.1:hin the 

inoculateJ sites it is clear tl1Ut hyrax mncropha~~s readily 

take up llrnmasti~otes anrl th3t these Sl11)S0quently transfr}rm 
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