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ABSTRACT. The blood parasites of indigenous camels, sheep, goats and 
cattle were investigated in several localities in Saudi Arabia that are well 
isolated from any possible mixing with imported animals. The present 
study is the first detailed investigation on blood parasites infecting 
indigenous livestock in Saudi Arabia. Trypanosoma evansi and an 
Eperythrozoon sp. we re detected in camels . Sheep and goats were 
infected with Theileria avis, Theileria hirei and with Eperythrozoon avis 
and cattle with Eperythrozoon wenyoni, Theileria annulata and with a 
nonpathogenic Theileria sp. Apart from T. evansi and T. annulata. all 
parasite species arc reported for the first time from Saudi Arabia . The 
detection of an Eperythrozoon sp. form the camel is the first from this 
host. Theileria avis and E. avis were reported from al\ provinces 
examined, while T. hirei was confined to eastern and northcrn parts of the 
Kingdom. Eperythrozoon wenyoni was found in both of Hofuf and Gizan, 
but T. annulata occured in Hofuf only and the nonpathogenic Theileria 
sp. in Gizan only. Areas of highest camel trypanosomiasis prevalence 
were hcavily infested with tabanid nies whose role in the transmission of 
the disease was discussed. The pathological effects of the reported blood 
parasites on their hosts was discussed together with the role of ixodid ticks 
in the transmission of thc Theileria species 

Blood parasites are of great importance to farm animals as they are often the 
agents of serious diseases (Purnell 1981 and Boid et al. 1985) and often of high 
mortality rates, too (Soulsby 1982) . Hence several models have been established 
in many laboratories, including ours, for the study of these parasites and rodent 
babesiosis is the most used of these models (Phillips 1969, Nowell 1969, Young 
and Cox 1971, Hussein 1973, 1979, 1984 , 1990, and Abdalla et al. 1978a,b) . 
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Nevertheless, studies on these parasites in Saudi Arabia are virtually non-existing 
and even Trypanosoma evansi the first trypanosome proven to be pathogenic to 
mammals (Evans 1880), was only recently confirmed in the Kingdom (Kasim 
1984). 

The present study is complementary to previous investigations carried out 
between 1981 and 1987 to identify the indigenous tick species infesting local 
livestock in Saudi Arabia (AI-Khalifa et al. 1987, Diab et al. 1987, and Hussein et 
al. 1988). Together with these studies undertaken throughout the Kingdom , the 
blood parasites infecting indigenous farm animals were investigated. 

Materials and Methods 

Random , wet and thin dry, ear vein blood smears, as well as , Iymphnode 
puncture smears were obtained from at least 10 camels, 10 sheep and 10 goats 
from flocks and herds of indigenous animals at the sites shown in Fig. 1. These 
sites were within a radius of at least 100 km around each of the urban centres 
(1-24) shown in Fig. 1. The animals sampled were born and bred there and totally 
isolated from imported livestock (AI-Khalifa et aJ. 1987 , Diab et al. 1987, and 
Hussein et al. 1988). Wet blood smears were immediatly examined in the field 
using a field light microscope (Wild 11 , Switzerland) . Heparinized microhaema
tocrit tubes (Fisher Scientific Compa ny, Pennsylvania , USA) were also filled with 
ear vein blood from these animals and examined in the field for trypanosomes 
using the method of Kelley and Schillinger (1983). The thin blood smears and the 
Iymphnode puncture smears were air-dried, fixed with absolute methanol and 
transported to the laboratory in plastic or wooden slide boxes. Indigenous cattle at 
the localities of Hofuf, Eastern Province and Gizan, Gazan Province (Fig. 1) were 
similarly investigated. 

Moreover, Najdi camels slaughtered for human consumption at Riaydh 
Central Abattoir were investigated , too . Just before slaughter, blood was drawn 
from the jugular vein of each of 135 Najdi camels into sterile , EDTA-coated 
vacutainers (Becton-Dickson, New Jersy , USA) and carried to the laboratory. 

In the laboratory, the thin blood smears and the lymphnode puncture smears 
were stained with Giemsa 's stain and examined for blood parasites. The blood of 
Najdi camels obtained from Riyadh Central Abattoir was examined for 
trypanosomes by the microhaematocrit centrifuge technique (MHCT) developed 
and improved by Woo (1969, 1970, 1974). Blood from some of the positive 
samples was also inoculated into BaJb/c mice for parasite isolation. 
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Fig. 1. 	Map of Saudi Arabia showing urban centres (all cities in the map except Riyadh) where blood 
was collect from indigenous livestock at a radius of about 100 km around each centre . 1, 
AI-Dawadmi; 2, Afif; 3, Layla ; 4, Hofuf; 5, Abqauq; 6, AI-Thuqba; 7, Dammam; B, AI-Qatif ; 
9, AI-Hafr, 10: Buraydah ; 11, Arar; 12, Turayf; 13, AI-Qurayat ; 14, Makkah; 15 , AI-Sharayia; 
16, AI-Taif; IB, Sabia; 19, Gizan; 20, Samitah; 21, AI-Darb ; 22, Najran ; 23, Khibash ; 24, 
AI-Kharj . 
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Results 

During the study, a total of 310 camels, 331 sheep and 348 goats were 
examined (Table 1) together with 25 and 18 cows from Gizan and Hofuf, 
respectively. The camels were infected with T. evansi (13.2%) as well as with an 
Eperythrozoon sp. (3.9%) and the sheep and goats with Theileria ovis Rodhain, 
1916 (19.9%), Theileria hirci Dschunkowsky and Urodschevich , 1924 (6.9%) and 
Eperythrozoon ovis Neitz, Alexander and duToit , 1934 (3%, Table 1). Dif
ferentiation between T. hirci and T. ovis was made on the basis of prevalence in 
the former and scarcity or absence from the latter of Koch's blue bodies (Fig. 2) as 
indicated by Neitz (1956) and Uilenberg (1981). In T. hirci infections, these 
schizonts were prevalent in both of Iymphnode puncture and blood smears and 

Table 1. Blood parasites of indigenous farm anima ls in Saudi Arabia 

Province: Locality 

Blood parasites detected 

Camel Sheep Goats 

T.eVBnsi Eperyth
rozoon sp. 

T.ovis T.hirci E.ovis T.ovis T.hirci E.ovis 

Dawadmi 
Afif

Riyadh : 
AI-Kharj 
Lay la 

1/ 15 
III 0 
4118 
0110 

0115 
0110 
2118 
0110 

3/15 
1/10 
5117 
2/15 

0115 
0110 
4/17 

0115 

0115 
0110 
2117 

0115 

3115 
1/ 10 
4/15 

3115 

1115 
0110 
3115 
0115 

0115 
0110 
Il lS 
OIlS 

Infection rate °A) 11.3 4.3 19 .3 7 3.5 20 7.3 1.8 

Hofuf 
Abqauq 
AI-Thuqba

Eastern : 
Dammam 
AI-Qatif 
AI-Hafr 

6116 
2110 
1/1 0 
1110 
0110 
3118 

2116 
0110 
0110 
OliO 
OliO 
0118 

4/15 
3110 
2110 
21 10 
21 10 
3115 

3/15 
1110 
OliO 
1/ 10 
1110 
1115 

21 15 
0110 
0110 
0110 
1110 
0115 

6115 
4/15 
3115 
2110 
3/ 15 
6/ 15 

4/15 
2115 
21 15 
1/10 
21 15 
4/15 

IllS 
0115 
Il lS 
0110 
OIlS 
1115 

Infection ra te % 17.6 2.9 22.9 10 4.3 28.2 17 .7 3.5 

Qasim : Buraydah 3118 1/18 3/ 15 IllS illS 6115 2115 IllS 

Infection rate (Yo 16.7 5.6 20 6.7 6.7 40 13.3 6.7 

No rthern: Arar 
Frontier : Turayf 

Qurayat 

1115 
Il lS 
1/ 10 

OIlS 
Il lS 
0110 

5/15 
3/15 
3/10 

3115 
2115 
21 10 

IllS 
0115 
OliO 

4/ 15 
21 15 
3/10 

2115 
2115 
3/10 

0115 
1115 
Ol iO 

Infection ra te % 7.5 2.5 27.5 17.5 2.5 22.5 17.5 2.5 
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here sometimes even extracellularly (Fig. 2a). Moreover, intraerythrocytic forms 
were common. Several of these animals were very sick and many had enlarged 
prescapular and prefemoral lymphnodes. On the other hand, schizonts were not 
detected in any of the animals infected with T. ovis. All were healthy looking and 
only rarely erythrocytic forms were detected in their blood smears . 

The Eperythrozoon infection rate was very low in all animals examined and 
there were no concurrent infections with any of the other parasites detected in any 
of the animals examined. Gazan Province showed the highest prevalence rates of 
blood parasite infections , but T. hirci was absent from this province. The next 
highest prevalence rate was found in the Eastern Province where the incidence of 

Table 1. continued 

Province: Locality 

Blood parasites detected 

Camel Sheep Goats 

T.evansi Eperyth
rozoon sp. 

T.ovis T.hirci E.ovis T.ovis T.hirci E.ovis 

Makkah 

Makkah: 
AI-Sharayia 
AI-Sayl 
AI-Taif 

OIlU 
1/10 
0110 
OIlU 

0/10 
IIIU 
UI10 
0110 

OilS 
1115 
UI15 
UI15 

U/15 
Oi lS 

0115 
UI15 

1115 
IllS 

Oi l S 

011 5 

Oil S 
IllS 
0/15 
UIl5 

U/15 
U/ 15 
Oi l S 

0115 

0115 
OilS 
0115 
I l lS 

Infection rate % 5 2 .5 1.7 U 3.3 1.7 U 1.7 

Sabia 

G azan : 
Gizan 
Sa mitah 
AI-Darb 

2115 
611 5 
3/ 15 
U/15 

0115 
3115 
1115 
UIl 5 

4115 
7/ 15 
3/15 
3115 

OilS 
0115 
Oi lS 

Oi lS 

Oi lS 

IllS 

UI1 5 
0115 

2115 
4115 
3/15 
3/15 

U/ 15 
Oi lS 

0115 
OilS 

1115 
0115 
U/ 15 

I l lS 

Infection rate % 18.3 6.7 28.3 U 1.7 2U U 3.3 

Najran : Najran 
Khibash 

3115 
UI10 

1115 
OIlU 

3/15 
2112 

0115 
0/ 12 

1115 
U/12 

2/ 15 
4/18 

0115 
UI18 

Oi lS 
1/18 

Infection rate % 12 4 18.5 0 3.7 18.2 0 3 

Total & overall 
Infection rate % 

41/310 

13.2 
12/310 

3.9 
641331 

19.3 
19/331 

5.7 
11 /331 

3.3 
69/348 

19.8 
28/348 

8.1 
91348 
2 .6 

Overall incidence 
of sheep and goat 
parasite infections 

T.ovis: 133/679 
19.9% 

T.hirci: 47/679 
6.9% 

E.ovis: 20/679 
3% 

Numerator is number infected , denominator is number examined. 
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Fig. 2. 	 Koch's blue bodies in Iymphnode puncture smears from a goat infected with Theileria hirci, a, 
extracellular schizont (arrow); b, intracellular schizont in a lymphocyte (x 1600). 

T. hirci infection was the highest in the country. The lowest prevalence rate of 
blood parasite infections was in Makkah Province, and T. hirci was not recorded 
there too (Table 1.) On the other hand, camel trypanosomiasis was most common 
in Gazan and the Eastern Provinces, where the infection was especially high 
around Gizan (40%) and Hofuf (37.5%). The infection was also high in camels 
sampled at Al-Kharj (22.2%), Samitah and Najran (20% in each) and AI-Hafr and 
Buraydah (16.7% in each, Fig. 1, Table 1). Many tabanid flies were observed 
feeding on camels in these areas of high camel trypanosomiasis prevalence. The 
flies were very aggressive and caused great annoyance and worry to the camels. 
They inflicted wounds bleeding for some time and rarely they fed to repletion on a 
single camel, as they were driven away by the camel due to its pain . One fly was 
once sighted biting up to 7 camels before repletion. Several flies were collected 
from these localities with an entomological net. Those collected from Hofuf, 
AI-Hafr, AI-Kharj and Buraydah belonged to a single species, Atylotus farinosus 
(Sziley 1915) and those from Gizan, Samitah and Najran belonged to a single 
species, too, Atylotus agrestis (Wiedmann 1828), Tabanid flies were rarely 
observed in any of the other localities examined. 

The most common and widespread blood parasite was T. ovis (19 .9%) which 
was recorded from all provincess although, in Makkah Province only a single ewe 
and a single goat, both at AI-Sharayia, were infected (Table 1). On the other 
hand, T. hirci infection seems to be confined to eastern and northern parts of the 
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Kingdom . The infection was not recorded in any of the animals sampled in 
Makkah, Gazan and Najran Provinces. Moreover, apart from AI-Kharj region in 
the eastern part of Riyadh Province, none of the animals sampled in western 
(AI-Dawadmi and Afif) and southern (Layla) parts of the province (Fig. 1), were 
infected with this parasite (Table 1). 

Cattle were only examined at Hofuf and Gizan as they are the only areas in 
the Kigdom with a considerable indigenous cattle population, although most of the 
animals in Hofuf were actually crosses of local and European breeds. Nine of the 
18 (50%) cows at Hofuf were infected with Theileria annulata Dschunkowsky and 
Lush, 1904 (Fig. 3); 4 of these had a high parasitaemia with fever and congested 
conjunctival capillaries. Their mucous membranes were icteric and their superfi
cial lymphnodes were enlarged. Koch's blue bodies were prevalent both in 
Iymphnodes puncture and blood smears, both intracellularly and extracellularly. 
One of the 4 cows was recumbent and was in a serious condition . On the other 
hand, 6 of the 25 cows (24%) sampled at Gizan were infected with a seemingly 
nonpathogenic Theileria sp. that produced scarce erythrocytic forms (Fig. 4) and 
scizonts were not detected neither in Iymphnode puncture nor blood smears. All 
of the 6 cows looked healthy and showed no signs of disease. Moreover, 3 and 5 of 
the other cows examined at Hofuf and Gizan, respectively were infected with 
Eperythrozoon wenyoni Adler and Ellenbogen, 1934 (Fig. 6) . 

Twenty two of the 135 (16.3%) Najdi camels studied at Riyadh Cental 
Abattoir were infected with T. evansi. A strain of the parasite was isolated from 
these camels in Balb/c mice and with successive syring passage, it became highly 
virulent to mice (Fig. 5). 

Discussion 

The present study is the first detailed investigation of the blood parasites 
infecting indigenous farm animals in Saudi Arabia. Several of these parasites are 
recorded for the first time in the Kingdom, including T. ovis, T. hirci and E. ovis 
from sheep and goats , an Eperythrozoon sp. from camels as well as E . wenyoni 
and a nonpathogenic Theileria sp . from cattle. The report of an Eperythrozoon sp. 
from camels is the first from this host (see Gothe and Kreier 1977, Soulsby 1982, 
and Saint-Martin 1990). With the exception of Eperythrozoon suis, which causes 
anaemia and jaundice in pigs (Splitter 1950), eperythrozoa are generally 
nonpathogenic (Gothe and Kreier 1977, and Soulsby 1982) . Nevertheless, E. ovis 
has been incriminated in several parts of the world as the cause of anaemia and 
chronic unthriftness in sheep (Littlejohns and Foggie 1961 , and 0veras 1962). 
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However, I1emobade and Blotkamp (1978) have suggested that the parasite can 
assume clinical significance only under conditions of endemic instability. Sheep 
and goats found infected with the parasite in the present study were quite healthy. 
The vector of the parasite in the Kingdom is unknown, but lice (Soulsby 1982) and 
horseflies (0veras 1959) are the reported vectors of these parasites. 

There is some discrepancy, however, regarding the first report of T. evansi 
from Saudi Arabia. Kasim (1984) claims that his is the first report, while 
informations compiled by Rutter (1967) and Boid et a/. (1985) from the 
OIE/FAOIWHO Animal Health Yearbook of 1965 and 1982, respectively shows 

Figs. 3-6. 3, intraerythrocytic forms of Theileria annulata from a cow in Hofuf; 4, intraerythrocytic 
forms of a nonpathogenic Theileria sp. from cattle in Gizan; 5, Trypanosoma evansi isolated 
from a Najdi camel in 8alb/c mice; 6, Erythrozoon wenyoni from a cow in Gizan (x 1600). 
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that the parasite had been reported from these camels. However , Kasim (1984) 
might be the first to have actually detect this parasite from Saudi Arabian camels, 
as others have merely compiled informations without concrete scientific evidence. 
Nevertheless, the present study is the most extensive, to date , on camel 
trypansomiasis in Saudi Arabia . A strain of T. evansi was isolated from Najdi 
camels and is currently maintained by syringe passage in mice . Stabilates of this 
strain are stored in liquid nitrogen (-196°C) in the laboratory. However, camel 
trypanosomiasis is known to occur in all countries bordering Saudi Arabia (Boid et 
al. 1985) . In the present study, the highest incidence of the disease occurred at 
Gizan , Hofuf, AI-Kharj, Samitah , Al-Hafr, Buraydah and Najran. These 
localities are among the best developed agricultural regions in the Kingdom, being 
provided with considerable water resources. Hence , the prevailing conditions 
there are favourable for the multiplication of tabanid flies the known mechanical 
vectors of T. evansi (Rutter 1967, Mahmoud and Gtay 1980, Soulsby 1982, and 
Boid et al. 1985) . Two species of these flies were identified in the present study, 
the palaearctic A. farinsous from central, eastern and northern parts of the 
Kingdom and the afrotropical species , A. agrestis from south and southwestern 
parts. Both species are known to occur in the Kingdom (Leclercq 1982 , 1986, 
Amoudi and Leclercq 1988, and Amoudi 1989) , but the present study represents 
their first report from these localities. Our observations indicate that both species 
might be the mechanical vectors of T . evansi in Saudi Arabia. However, Kasim 
(1984) has suggested that the vector of T. evansi in the Kingdom is the hard tick 
Hyalomma anatolicum anatoJicum Koch 1844 and this is a biological vector within 
which the cyclical development of the parasite takes place. He based this 
assumption on finding flagellates in the haemolymph of the tick he collected from 
a camel naturally infected with the parasite. However, these flagellates, belonging 
to a trypanosome species or not are unlikely a Salivarian trypanosome such as T. 
evansi. The figure he supplied as a proof that these flagellates belong to the 
parasite (his Fig. 2), showed trypomastigotes with the characteristically sharp 
pointed posterior end and the large , subterminally located (closer to the nucleus 
than to posterior tip) kinetoplast of the Stercoraria. Thus he had probably 
detected a Stercorarian trypanosme such as Trypanosoma theileri Laveran 1906. 
Such trypanosomes have previously been reported from hard ticks by Burgdorfer 
et al. (1973) and Shastri and Deshpande (1981) who have suggested H. a. 
anatoJicum as a possible vector of that parasite. Moreover, the presence of 
spheromastigotes argues against the validity of his suggestion that these belong to 
T. evansi. Spheromastigotes have never been detected in any member of the 
subgenus (Trypanozoon) to which T. evansi belongs, neither in arthropod or in 
mammalian hosts nor in culture media (Mendez and Honigberg et al. 1972, Cross 
and Manning 1973, Honigberg et al. 1976, and Himuri et al. 1977a,b). 
Spheromastigotes are not known among the developmental stages of the Salivaria 
(Olsen 1974 , and Soulsby 1982). However, there are some former suggestions that 
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T. evansi might be transmitted by soft and not by hard ticks (Cross and Patel 
1922), but these reports have been refuted by Leese (1927). Kasim (1984) has also 
attributed the low incidence of camel trypanosomiasis (2%) he detected in Saudi 
Arabian camels to its inefficient vector, H. a. anatalicum. In the present study , 
however , an infection rate of 13 .2% has been detected on a nationwide basis, 
16.3% in Najdi camels sampled at Riyadh Abattoir and as high as 37.5% and 40% 
in camels sampled at Hofuf and Gizan, respectively. Moreover, the areas of 
highest T. evansi incidence examined in the present study were found heavily 
infested with tabanid flies, the most successful mechanical vectors of this parasite 
(Rutter 1967, Olsen 1974, Woo 1977, Mahmoud and Gray 1980, Soulsby 1982 , and 
Kettle 1984) . However, the logical explanation for the low incidence reported by 
Kasim (1984) might be that he used the less sensitive technique of direct thin 
smear examination, while the superior MHCT has been employed in the present 
study. 

In sheep and goats, T. avis, as had been reported elsewhere (Uilenberg 1981 , 
and Soulsby 1982), is widespread in Saudi Arabia . While T. hirci seems to be 
confined to the eastern and northern parts of the country, and might be related to 
its distribution in Iraq (Latif et al. 1977). Several tick genera and species had been 
reported as vectors of T. avis which were corrected by Uilenberg (1981). 
However, similar to the observations of Bhattacharyulu et al. (1972), the vector of 
this parasite in Saudi Arabia might be H. a. anatalicum that has been frequently 
encountered on sheep and goats in the Kingdom (AI-Khalifa et al. 1987, Diab et 
al. 1987, and Hussein et al. 1988). Moreover, with respect to the findings of 
Hooshmand-Rad and Hawa (1973), this tick might also be the vector of T. hirci in 
the Kingdom. Theileria avis is a nonpathogenic parasite, but T. hirci is highly 
pathogenic to sheep and goats with a mortality rate of upto 100% in endemic areas 
(Uilenberg 1981, and Soulsby 1982). The acute form of the disease is more 
frequent, but subacute and chronic forms have also been reported and symptoms 
of the acute disease were seen in infected sheep and goats in the present study. On 
the other hand, veiled or other nonpathogenic Theileria species of small ruminants 
reported by Uilenberg (1981) were not detected in any of the sheep and goats 
examined. 

Tropical theileriosis of cattle , caused by T. annuJata was first reported in 
Saudi Arabia from AI-Hassa Oasis (Hofuf), where several outbreaks with high 
mortality rates were observed (Cheema et al. 1986). In the present study, cattle in 
the same locality were found similarly infected and several of them showed severe 
symptoms of the disease. Moreover, a benign Theileria sp . was reported for the 
first time from cattle in Gizan in the southwestern part of the country. A strain of 
this, as well as of T . annuJata were isolated and stored in liquid nitrogen for further 
studies. 



The 8100d Parasites of Indigenous ... 153 

Acknowledgement 

We are grateful to Ahmed Fadlalla for technical assistance. 

References 

Abdalla, H.S., Hussein, H.S., and Kreier, J.P. (1978a) Differential centrifugation anJ infectivity of 
Babesia rodhaini freed by continuous now ultrasonication, 1. Pari/situl. 64: 554-556. 

Abdalla, H.S., Hussein, H.S., and Kreier, J.P. (1978b) Babesia rodhaini: passive protcction of mice 
with immune serum, Tropenmed. Parasitol. 29: 295-306. 

AI-Khalifa, M.S., Hussein, H.S., AI-Asgah, N.A., and Diab, F.M. (1987) Ticks (Acari: IxoJiJae) 
infesting local domestic animals in western and southern Saudi Arabia. Arab Cul( J . Scient. 
Res.• Agric. Bioi. Sci. 5(8): 301-319. 

Amoudl, M.A. (1989) New records of Tabanidae (Diptera) from southwest SauJi Ar'lbia with so me 
aspects on their descriptions and biology, 1. Bioi. Sci. Res. 20: 115-127. 

Amoudi, M.A., and Leclercq, M. (1988) Tabanus riyadhae (Diptera: TabaniJac): a new specics from 
Saudi Arabia, J. Med. Entomo/. 25: 399·401. 

Bhattaclllaryulu, Y., Dhar, S., Gautam, O.P., and Malik, P.O. (1972) Expcrimental transmission of 
theileriasis in sheep. A preliminary report, Haryana Agric. Univ. J. Res. 2: 202·205. 

Boid, R., Jones, T. W., and Luckins, A.G, (1985) The camel in health anJ Jiseasc. 3. Protozoal Jiseascs 
of camels, Brit. Vet. J. 141: 87·105. 

Burgdorfer, W., Schmidt, M.L., and Hoogstraal, H. (1973) De tection of Trypiwosoma theileri in 
Ethiopian cattle ticks, Acta Trop. 30: 340·345. 

Cheema, A.H., EI Bihari, S., Fayed, A.A., and Ali, A.S. (1986) Thcileriasis in cattlc in Saudi Arabia , 
(Abstract). 9th Symp. Bioi. Asp. S.A. Bioi. Soc. (Riyadh 24-27 March, 1986). p. 135. 

Cross, G.A.M., and Manning, J.C. (1973) Cultivation of Trypanosomn brucei spp. in scmi-JcfincJ and 
defined media, Parasitology 67: 315-331. 

Cross, H.E., and Patel, P.G. (1922) Camel surra, Punj"b Dcpt. Agric. Vet. BIlII. 8: 1-19 . 

Diab, F.M., AI·Khalifa, M.S., Hussein, H.S., and AI-Asgah, N.A. (1987) Ticks (Acari: IxodiJac) 
parasitizing indigenous livestock in northern and eastern Saudi Arabia, Amb Culr. 1. Scient. 
Res. , Agric. Bioi. Sci. 5(8): 273-286. 

Evans, G. (1880) Report on "Surra" disease in the Dera Ismail Khan DistricI , Punjah Covt. Milit . 
Dept. 493: 446. 

Foggie, A. (1961) Eperythrozoon infectio n in sheep in Scotland, Vet . Rcc. 73: 453-454. 

Gothe, R., and Kreier, J.P. (1977) A egyptianella , Eperythrozoon and H"emobarton ella. in: Kreier, 
J.P. (ed) Parasitic Protozoa, Academic Press, New York, 6: 25 I -294. 

Himuri, H., Doyle, J.J . , and Himuri, K. (1977a) African trypanosomiasis: cultivation of animal 
infective Trypanosoma brucei in vitro, Science, 196: 992-994 . 

Himuri, H., Doyle, J.J., and Himuri, K. (1977b) Propagation and cyclical Jcvclopmcnt of 
Trypanosoma brucei in vitro, (Abstract). 5th Intern . Congr. Protozoo/. New York, 1977, 
Abstract No. 123. 

Honigberg, B.M., Cunningham, I., Stanley, H.A., Su-Lin, K.E., anJ Luckins, A.G. (1976) 
Trypanosoma brucei: antigenic analysis of bloodstream, vector and culturc stages by the 
qualitative nuorescent antibody methods, Exp. Parasitul. 39: 496-522. 



154 	 Hussein S. Hussein et al. 

Hoogstraal, H., Wassef, H.Y., and Biittiker, W. (1981) Ticks (Acarina) of Saudi Arabia Fam. 
Argasidae, Ixodidae, Fauna of Saudi Arabia, 3: 25-110. 

Hooshmand-Rad, P., and Hawa, N.J. (1973) Transmission of Theileria hirci in sheep by Hyalomma a. 
anatolicum, Trop. Anim. Hlth. Prod. 5: 103-109. 

Hussein, H.S. (1973) Studies in Rodent Babesiosis Caused by Babesia hylomysci Bafort, Timperman 
and Molyneux, 1970 and Babesia microti Franr;a, (1910) Ph.D. Thesis, University of Liverpool, 
529 p. (unpublished). 

Hussein, H.S. (1979) Babesia microti and Babesia hylomysci: spleen and phagocytosis in infected mice, 
Exp. Parasitol. 47: 1-12. 

Hussein, H.S. (1984) Babesia hylomysci and Babesia microti: dexamethasone treatment of infected 
mice, Exp. Parasitol. 57: 165-171. 

Hussein, H.S. (1990) Babesia microti and Babesia hylomysci: host susceptibility, morphology and 
development in mice, Proc. Saudi Bioi. Soc. 13: (in press). 

Hussein, H.S., AI-Khalifa, M.S., Diab, r.M., and AI-Asgah, N.A. (1988) The distribution, host rangc 
and seasonal abundance of the Arabian goat and sheep tick, Boophilus kohlsi (Acari: Ixodidae) 
in Saudi Arabia, Arab Gulf 1. Scient. Res., Agric. Bioi. Sci., 6(B): 275-287. 

lIemobade, A.A., and Blotkamp, C. (1978) Eperythrozoon ovis: Serological diagnosis of infection by 
the indirect immunofluorescent antibody test, Tropenmed. Parasitol. 29: 307-310. 

Kasim, A.A . (1984) Detection of Trypanosoma evansi in the Arabian camel, 1. Call. Sci., King Saud 
Univ. 15: 423-427. 

Kelly, S., and Schillinger, D. (1983) Improved field diagnostic technique for trypanosomiasis by the use 
of a minicentrifuge, Vet. Rec. 113: 219. 

Kettle, D.S. (1984) Medical and Veterinary Entomology. Croom Helm, London, 658. 

Latif, B. M ., Hawa, N.J., and Bakir, F.A. (1977) Incidence of malignant theileriosis (Theileria hirci) of 

sheep in Iraq, Iraqi 1. Vet. Med. 1: 124-128. 

Leclercq, M_ (1982) Insects of Saudi Arabia Diptera: Fam. Tabanidae, Fauna of Saudi Arabia. 4: 
447-449. 

Leclercq, M. (1986) Diptera: Fam. Tabanidae of Saudi Arabia (part 2), Fauna of Saudi Arabia, 8: 
340-342. 

Leese, A.S. (1927) A treatisc on the One-Humped Camel in Health and Disease, Haynes and Son, 
Stamford, Lincolnshire, 382p. 

Littlejohns, I.R. (1960) Eperythrozoonosis in sheep, Aust. Vet. 1. 36: 260-265. 

Mahmoud, M.M., and Gray, A.R. (1980) Trypanosomiasis due to Trypanosoma evansi (Steclc, 1885) 
Balbiani, 1888. A review of recent research. Trop. Anim. Hlth. Prod. 12: 35-47. 

Mendez, Y., and Honigberg, B.M. (1972) Infectivity of Trypanosoma brucei - subgenus flagcllates 
maintained in culture, 1. Parasitol. 58: 1122-1136. 

Neitz, W.O. (1956) Classification, transmission and biology of piroplasms of domestic animals, Ann. 
N. Y. Acad. Sci. 64: 56-111. 

Nowell, F. (1969) The blood picture resulting from Nuttallia (=Babesia) rodhaini and Nuttallia 
(=Babesia) microti in rats and mice, Parasitology, 59: 991-1004. 

Olson, O. W. (1974) Animal Parasites. Their Life Cycles and Ecology, 3rd (ed), University Park Press, 
Baltimore, 562p. 

0veras, J.L. (1959) Eperythrozoon avis, a new blood parasite in sheep in Norway, Nord, Vet. Med. 
11: 791-800. 

0veras, 	J.L. (1962) Hemolytisk anemi hos sau-Eperythrozoon avis, Medl. bl. for Den Norsk 
Veterinaerforening. 7: 187-200. 



The Blood Parasites of Indigenous .. ISS 

Phillips, R.S. (1969) Babesia rodhaini infections in rats after acute primary parasitaemias, 
Parasitology, 59: 349·356. 

Purnell, R.E. (1981) Babesiosis in various hosts, in: Rlstic, M., and Kreier, J.P. (eds) Babesiosis. 
Academic Press, New York, pp. 25·63. 

Rutter, T.E.G. (1967) Diseases of camels, Part 2. Protozoal diseases, Vet. BulJ. 37: 611·618. 

Saint·Martin, G., Nilcheman, M.F., Richard, D., and Richard, M.A. (1990) Bibliographie sur Ie 
Dromedaire et Ie Chameau, 2e. (ed) IEMVT. Maisons-Alfort, France, 824p. 

Shastri, V.V., and Deshpande, P.O. (1981) Hyalomma a. anfltolieum Koch, 1844 as a possible vector 
for transmission of Trypanosoma theileri Laveran, 1906 in callie, Vet. Parasitol. 9: lSI-ISS. 

Splitter, E.J. (1950) Ictero-anaemia of swine, Proe. 5th Ann. Meet. U.S. Livest. Sanit. Ass. Phoenix, 
1950, pp. 279-386. 

SouIsby, E.J.L. (1982) Helminths. Arthropods and Pratozoa of Domesticated Animals. 7th (ed). 
Bailliere, Tindall, London, 809 p. 

Vilenberg, G. (1981) Theilerial species of domestic livestock. in: Irving, A.D., Cunningham, M.P., and 
Young, A.S. (eds) Advances in the Control of Theileriosis, Martinus Nijhoff Publishers , The 
Hauge, pp. 4-37 . 

Woo, P.T.K. (1969) The haematocrit centrifuge for the detection of trypanosomes in blood , Canad. 1. 

Zool. 47: 8:l1·823. 

Woo, P.T.K. (1970) The haematocrit centrifuge technique for the diagnosis of African trypanoso
miasis, Acta Trap. 27: 384-386. 

Woo, P. T.K. (1974) A statistical study on the sensitivity of the haematocrit centrifuge technique in the 
detection of trypanosomes in blood, Trans. Roy. Soc. Trap. Med. Hyg. 68: 319-326. 

Woo, P.T.K. (1977) Salivarian trypanosomcs producing disease in livestock outside of sub-saharan 
Africa, in: Kreier, J.P. (ed) Parasitic Protozoa. Vol. I., Academic Press , pp. 269-296. 

Young, A.S., and Cox, F.E.G. (1971) The effect of betamethasone on Babesia microti and B. rodhaini 
infections in rodents, Parasitology, 63: 447-453 . 

(Rcceived 1010411991; 
in revised form 12//011991) 



156 Hussein S . Husse in el al. 

~l;I~1 '-:- .. ~ ~I ,..ul ~l:J)b ~ ~L..,I..)~ 

~~~I ~.rJ1 ~I J ~I ~t:.....ll 

~ I dL.,.:,.MS .J ~~ I ...t I~..r:'li .J rJ::-.> ~ I .r' rJ::-.> 

~4~r1-~ .J 

::'Y'-" ~\ ........~ - \~\ ~ - 0\~\ ~ ~ 


~::..,........J\ ~. r0\ <..5.l.J..\ - \ \ t o \ ...j>I.....)\ - -.: t OO '. '-7' . U'" 


~ , 
;j a';- ., Oj~ i..S~ ~y .:.r uL..lj.:l J~I <-/' .:i.)L:LI uL..lj..LJ1 

~~I ~I J 4....»J.I ~L...lI uLly)-1 ~~I i..LJI u l»6 \ 

uL..lj.:l .:.r o~.r.i Lo ~ .:.rL.a.:J~ uL..lj..u1 o..L",. ~.r.i ...liJ~ "~.:lyo-JI 

~.:l..,.-...JI ~~I o:.wl J uky....l\ .M~I .:llyiJ\ t!yl ~~ Lr, W ~L.. 

~~ ,,'~;\V iU- 0~.r>-T~ ~~.:l ,,'~;\V iU- 0~.r>-T~ ~I ~I) 

~P .:i.)lJ.-I uL..lj..u~ W uL..lj..u1 ~~~ . (' ~;\;\ i\$. 0~?i~ 

.:.r J-'I' .M~I .:llyiJl 0"'1 ~~~ ~I uGly)-1 ~~I i..ul u~ ~ 

uGldl ~ J ~~I~ 4..-;L...lI uGldl i.:l u l))6 I J'1.r-J1 ~i 

~I uGldl .:.r i.:l u~~ W ..lil9 ~~ . i..SJ? ~.:lL,a.:;.;1 )L> 

o~l.:l i..S.M ~ , ~j ~I J ~}.I 0..L1.~ ¥ ~I ~.:l~1 ~L:.... .:.r 
;'_Am ~~ ~Ij..ul ~L:.... jL;::.>-1 ~ ...liJ~ 1..L",. . rS ' · · ~Iy> L",~~ 

o..L",. ~ J ~b J-'I' 12 ~I~ O.:ljy....ll uGly)-1 ~ .kJl.;:.>.l L?i :.r-I~ 
. uL..lj..u1 

.:.r ~lll~ i~"'1I~ ~)'I .:.r J5 .:.r;Sf ~i , . .:.r i.:l u~ ~ ~ ...liJ 

~ W i.:l u~ :.r- OjL:s- ...:.....;15 uL:-oJI o..L",.~ . ojyS.ll1 ~Ij..ul ~L:.... 

. i..ul ul...;:.k.,..... ~~~~~ ~ 1# ~~ J 0:.1.••- ., C.; l~ .a~ 

http:dL.,.:,.MS


The Blood Parasites of Indigenous ... 	 157 

~-' JS 0UL.J1 tA~l ~I-, ~~JS~I ~)aJ1 ~I \.\~- "I..I..4.l-, Ih 

..I..4.l-, ~~..LlIl?..?y-l1 ~)aJ1 4.k.......ly i..Ll1 uL:k.,..... Js-~ '''Ai i~ 

~..L.il-, Ih . 0~~1 o~j-,f ,f ~~tll i...ul ,f ~~~? ~l,;1 ~ ~ 

..!.U.iS' ~-' ~ ul,;Iy.-J-1 oh ,f 0~~I o~j-,f ,f ~j i~ u~~ ..!.U.iS' 

.. ill~ ~ ~~lo..lMl1 I·.;'" L~I~I..lMl\· uL.::-... 1._ .
jf'-', '-' - i U-- -...r--' - ,y. ~ 

~ J .. -- ; o..u,J\,f 4 ~~,f-' o..lMl1 J ~ a....,y or. I 

~ 4 ;;})I i..Ll1 u~-, u~1 oh ~ . ~~j ~I~ Js-u~ 
~~L.,., J e:?1.?1 ~ ~ 4/. , • • j-:;5~ ~ J."....-5 4.k.......ly \ g.1):l 

.i....,., ...\.o...l\.. '- I' ~. -. -~ II 1- - 4.......:..> 1~'Yv

.~-' ~ . . ~~~i.T..r-' -. -' - - . 

~)'I i~ ,f u~ t:. ill.iS' ~..I..4.l-, . i...u\ u~ ).,11 us-~ ~)I 
~~ 'l?j-Sy-ll ~~~I ~ J-li !b~;U ~y..LU ~~I 

~L... ~L,;i J~I ~I ~j-',f ~~I ~)'I,f 'io ,f u~1 

u~1 o..L..o:, ..:.-.....j~..I..4.l-' . (EDTA-Coated Vacutainers) i...ul;:;' t! o~4 ol..bM 

i~ J -'~ ~~~ tWI u.fo.l ~I ~..Lli l?..?y-ll ~)aJ1 ~~~I J 
l?~1 i..Ll1 ~..!.U~-, '" V i -' '" V' ~Ls. J tAj~ ~ ,f-' '" "\" 

~-' I.c-5 .Trypanosoma ~ ~L:JI i...ul uL::J::..,..... ,f i~~ ~1Js.f Js
'-:-'j~1 01~ ~.r-....;:-JI ~~I J>-I~ ~L..a.\.1 u~1 ~ ,f i...ul ~ 

J,,;..s- ~..I..4.l-, \..L..o:, . ~I 01.,rAJ1 J ~I JjS- --J-47 ..!.U~-, 8alb/c~)L.. 

o1.,rAJ 1J u...r.y-C ,f o..L.o ~-' ~ ~I o1.,rAJ 1J ~I 1..L..o:, ,f ~)L.. 

0';;1 	~I-, ~01y-!A.1J ~lr)'1 o~~ ~Jl.J1 ~~i ~I .ua......ly 

. ~Jl.J1 ~ ~\ ~~I J""lyll ~~ .i....,.,lj...u1 J 

,f ii' ,f-' ~)'I,f i" ,f uLlj..Ll1 J~ i~ u~ t:. ~..I..4.l 

~L,.:.)'I ~ 0\ uL... Ij..Ll 1 ~-,i ..L.il-, ~~UI ,f iiA,f-' iU~1 

015 4....S::.W1 t..S~ ~ ~)'I J Trypanosoma evansi tJ-i i..Ll1 uL::J::.~ 

l?j-S)I ~~)I ~ J ~~I ~~I ~)'I J -.::...;\5..1..4.l-, /. 'i," 

http:01y-!A.1J


158 Hussein S. Hussein et al. 

yt&. ":">~.).;) ..:..>I~ ~l:...o .!.IL:.A 0t ~t ..:..>L.. I.)..L! 1~Jt ..l4.!J .'/' '"'\, Y" 

./. Y"V , 0 w~1 JJ /. t· 01~~ J ~~ J.:Ah.l1 I-ir. ~L.,.,)I~. ' . 
..,....d-I ,J" J...S JJ \cS /. '1" 01~J.i;:...~,J" JS JJ /. '1' '1' , '1' C.r-=J-1JJ 

i~~j-ll I.;L:::JI '-:-'~~ ,J" o~ .;)I~t ..:..>..u.~..l..,jJJ . /. ,"'\ , V o~.r.J 
..:..>I~ ~U.I ~ J ~)l1 ~ L>iA::.; ,i~ lljll Ly:lA....JJ ~ ..:..>I.;I~ 
~ o..u w':""':'; jk; 01~1 J b.J~ ~~ ,-:-,~jJl I..GoJ . ~WI ~L.,.,'::JI 
C.;)L..; ~~ ,-:-,~jJl 1..Go ~~~ ~..ul t)ll oJ...!:, ,J"J ,01~ -0.).;)Li....o 

.;)~ t)l I 0..L.!:. ,J" 0 I~1 C Y 0 t ~ ,.A>-IJ 01J--::>" j.&- o",l.l.j:. ~ L. 

~ ..!:Jl:J ~ ,J"J y-->-T 01~ Jl 01~1 -.!.U~ .!.I~ ~1-J ~J ~ ,-:-,4..u1 

. ~..L;u dSt ~ Jl)ll ,J" V j.&- ..:..>yo ~~~ ..:..>~.r!o..l4.!J . o",l~ ~ 

,-:-,~jJl 0~ ~l.,a.o ..:..>I.;I~I .A>-\ 0lS I~l ,~..iA::..U?~ 01~ ,J" jA.:;.l1 I-ir.J 

~ :~ I al.; ·t L..;L:JI ,-,L..~ 0l,; I~ . . ~I JI 4....,L.,., '::JI I:;·.~ " V- ~ Y" . . , . J J!.? •. u-:. 
~ ~J~ ,,-:-,~..ul Ih ,J" ..:..>4 e. ~ ..l..,jJJ T. evansi . ..:..>1)1., \ 

J .;J-IJ Atylotus agrestis UJ O~..r.J CrlJ w~1 ~l:...o J Aty lotus farinosus 

~ J JJ)l1 orlJ 0~ ot&..rJ I 01hJ . 01~J .i;:...~J 01~ ~l:...o 

J J--:AkJI ID 0~~1 0)IJL:J1 Id-~ y.;5 J~l.!.ll:.AJ ,0Ll1 J ~l:ll 
- ,.a ... ... 

J)L1,)l1 j.&- ~)l1 ..:..>~ .:k>-t Y" T. evansi ~ . 0Ll1 ,J" ~l:ll ~ 

~.;)L> ~ ~~ ..Li ~)I I..GoJ ..)L.......JI Ji iL;J.1 ~yo U '--;--:-'.J 
, 

i..L!1 ~~ .t:..oyo o.)~ ~)I 0~ lo ~l&. ~J ,~L..all ..:..>I.;I~ 

J4----1 ,J"j-ll ~)I ~~ lo Gl;.>iJ ~I .h;L;J ~I ~IJ JI.).IJ- ,
~t ~l.,a.o ~)l1 ":">...l:>:-J ..l..,jJJ Ih . ~t ~L..all JyJI ~ .J..iJ ,~J...!:, 

'-!'" o..GoJ ,/. Y" ," ~ Eperythrozoon ~ o 1.rJ I ~Jt ..:..>1 ).Qkll ,J" if. 
. J")u''::JI j.&- ~)I\ J ~llh,J" ~ 4-:! ~~I JJ)I\ 0)1 

J Theileria o vis ~Y i..L.I1 ..:..>y:..,J-:-! ~L.a..o ..:..>~;..lAli ,rlllJ iW:.)I\ lot 

oyll '-!'" ohJ Epery throzoon o vis ~ olyJl ~Jt ~~ -.!.UJSJTheileria hirci 

http:J~l.!.ll:.AJ
http:jA.:;.l1
http:J.:Ah.l1


- -
- - -

The Blood Parasites of Indigenous... 159 

T. tj . ~~..,.-.JI ~.rJI O:WI :.r u~1 0.1.". J5 ~~ ~I JJ\f1 

..:. I~ ~I u~l..JiSt 015J \c5 ~.J~ ~I O:WI ,,"G...;i J5 J ~ ovis 

~ ~j&-L\.IJ i~)lI:.r J5:.r iV" ~:.r 'r'r' J ~~ ~I J':>\1)11 ~ 
~ ~~L\.IJ iw)ll ~:.r ~ fV J ~J..ill T. hirci ~I . "I ''','' 
O:WI :.r ~~IJ ~.rJI J,kLlI J ~ oGf J~ J-:Ak.lI I.1.".J ~"I i ," 

JJi J-:Ak.lI ~t . JI.rJI J .uJril o~ly J,kLl \~U:.;lO~ .Ai I.1.".J . ~ 
~ ~-"I r' ~ O:WI j \~Iy j&-L\.IJ i~)l1 u~ yf ~ E. ovis oly:.ll 

i~~ ~lyo)'1 ~..l.!.~ T.hirci tj ~I ~.J::..P.r~E.ovis J T.oviS-/,Y 

J,kLlI J "I , • · Jl ~ ~L.all uL;Iy-::-:l-1 J JyUI ~ J.,a.; ...LiJ j&-UIJ 
-0Uy'..J o~..l.!. ~ ~~Y"J ~l>. ~ ~)I 0~ ~ ~li.J . o,,"y)I 

\.S ~4.:...lLl:-I..::....:i ~)lIJ ~GJ.I ~)l1 J (J"~..u l (J"I.J ~~jJ 
J i~ 0 ~)I I ~ J ~y- ...LiJ ~ ~ I ..Li'l..lIJ J l>Ja.l I J ~ I..!.lJ l.J,J , 
~1 ~ lri Eperythrozoon ~u~ If' -.jJril . ~L,.:, )' I 4.:.1~ J J.r.\1 

- I. ~I . ul.Lik.l1 0..l.J. I.UI ~t ~ L;l::.ll ~L~ ."Jz.....,1 i 1-:;I\."Jz.....,1\ c.) -- if . .. YJV- Y 

YUI 0~ d d~1 1..!.lJ~ T. hirci J T. ovis -/'Y i--L11 u l:&.Y ~f . ~ .l..u: 
. Hyalomma a. anatolicum tj ..l.o~1 ~1..;4J I 0~ .Ai ASJ..J.I J ~ j5J 

JJi ~~ ~L..a..o u~~ 01~J -.jpl ~ J \- .;a~ ..sJI .J~)l1
... - ... ....... 
J llii5 JJ\f1 o..,....-u ~~I I..LA.J Eperythrozoon wenyoni tj oIy-:.l I 

tj i..ul ul:&.~ ~~ 1..!.lJ..i..S u~~ -.j~1 ~ J .J~\fl . ~I 
~ Tropical theileriosis 4.:.)...Ll1 ~I ~yo ~~I I.1.".J Theileria annulata 

~1.r-"lJ~Y"J '''Ai iu-~I~ J ~:.r ~I I..LA. ~..lQJJ 
~:.r.r=-T ~ Lr. ~J...w.; 01~ ~ J .J~\fl ~I ..J~~ ~~ 

Y"J ~I J JJ\f1 or-iJ ~ J.:Al:a.JI I.1.".J ~ ~lyo)'1 ~...L::..o Theileria 

sergenti / orientalis 4s-~ :.r ~I.r-")fl ~...L::..o.J~)l1 i~ ul:&...J':"! 4._. ;. ~ 
:.r,u")L., Jj&- ~..LA.lJ 1.1.". . 4}~1 ~Iy:.ll :.r)lJ ~I ~L; :.r)l 

http:Jj&-~..LA
http:J.:Al:a.JI
http:L;l::.ll
http:ul.Lik.l1
http:j&-L\.IJ
http:J-:Ak.lI
http:J-:Ak.lI
http:j&-L\.IJ


160 Husse in S. Hussein e l aJ. 

• 
..L.:!..bs:J 4.-..1.)..Ll1 J 0~\~.J JL-.1JI ~ ~) ~I J~I ~ ~\ Ih 

~1.)..Ll1 J ~\ ~\ Ih.J T. annulata :.r 4J")L J r ~i ~..IA.l.J .4S-y 
i..Ll1 uL:S-y ~.J T. annulata .J T. evansi u l))6 1\ u'l")L J5 .L:.;\~ ~ 
YLJI ~.JP-::JI ~~I ~ 0~1 :u:.# 01.r--=::- ~ .)~)11 :.r.Jr ~ <..,?.lJI 

oy-ll ~ oh.J . 4 ).;;- \i uL....I.).ill ~I J ~ 0' <\ i oJ.r> ~..J~ J 
~~.,.-.JI ~..rJI .LSJ.....i1 ~ u~\ oh :.r u'l")L ~ Jj-tU ~I J.J)11 

. I~UI· - ·Ii . ~ 0 .~ 
~ ~.J~ ~ ~.J 


