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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. were detected in camels. Sheep and goats were
infected with Theileria ovis, Theileria hirci and with Eperythrozoon ovis
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 ovis and E. ovis were reported from all provinces
examined, while T. hirci was confined to eastern and northern 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 flies 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).

* From Research Project Zoo/1402/10 College of Science, King Saud University.
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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 (Al-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, lymphnode
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 (Al-Khalifa et al. 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 Company, 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
lymphnode 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 itmproved by Woo (1969, 1970, 1974). Blood from some of the positive
samples was also inoculated into Balb/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. L,
Al-Dawadmi; 2, Afif; 3, Layla; 4, Hofuf; 5, Abqaug; 6, Al-Thugba; 7, Dammam; 8, Al-Qatif;
9, Al-Hafr, 10: Buraydah; 11, Arar; 12, Turayf; 13, Al-Qurayat; 14, Makkah; 15, Al-Sharayia;
16, Al-Taif; 18, Sabia; 19, Gizan; 20, Samitah; 21, Al-Darb; 22, Najran; 23, Khibash; 24,

Al-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 lymphnode puncture and blood smears and

Table 1. Blood parasites of indigenous farm animals in Saudi Arabia

Blood parasites detected
Camel Sheep Goats

Province: Locality

T.evansi | Eperyth- | T.ovis | T.hirci | E.ovis | T.ovis | T.hirci| E.ovis
rozoon sp.

Dawadmi 1/15 0/15 3/15 0/15 o/1s 3/15 1/15 0/15
Rivadh: Afif 110 /10 1710 0/10 0/10 1710 /10 0/10
PR Al-Kharj 4/18 2/18 517 417 2117 4/15 3/15 1/15
Layla 0/10 0/10 2/15 o/1s (VAN 3/15 0/15 0/15
Infection rate % 11.3 43 19.3 7 3.5 20 7.3 1.8
Hofuf 6/16 2/16 4/15 3/15 2/15 6/15 4/15 1/15
Abqauq 2/10 0/10 3/10 1710 0/10 4/15 2/15 0/15
Eastern: Al-Thugba 1710 0/10 2/10 0/10 0/10 3/15 2/15 1/15
" Dammam 1710 0/10 2/10 1/10 /10 2/10 1710 0/10
Al-Qatif 0/10 0/10 2/10 1/10 1/10 3/15 2/15 /15
Al-Hafr 3/18 0/18 3/15 1/15 0/15 6/15 4/15 1715
Infection rate % 17.6 2:9 22.9 10 4.3 28.2 17.7 3.5
Qasim:  Buraydah 3/18 1/18 3/15 1/15 1/15 6/15 2/15 1/15
Infection rate % 16.7 5.6 20 6.7 6.7 40 13.3 6.7
Northern: Arar 1715 0/15 515 3/15 1/15 4/15 2/15 0/15
Frontier: Turayf 1/15 1715 3/15 215 0/15 2/15 2/15 1715
Qurayat 1/10 0/10 3/10 2/10 0/10 3/10 3/10 0/10
Infection rate % 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

Blood parasites detected
Camel Sheep Goats
Province: Locality
T.evansi| Eperyth- | T.ovis | T.hirci | E.ovis | T.ovis | T.hirci|E.ovis
rozoon sp.
Makkah 0/10 0/10 0/15 0/15 /15 0/15 0/15 0/15
Makkah: Al-Sharayia 1/10 1/10 1/15 0/15 1/15 1/15 0/15 0/15
© Al-Sayl 0/10 0710 0/15 0/15 0/15 0/15 0/15 0/15
Al-Taif 0/10 0/10 0/15 0/15 0/15 /15 0/15 1715
Infection rate % 5 2.5 1.7 0 3.3 1.7 0 1.7
Sabia 2/15 0/15 4/15 0/15 0/15 2/15 015 1/15
Gazan: Gizan 6/15 3/15 715 0/15 /15 4/15 0/15 0/15
. Samitah 3/15 1/15 3/15 0/15 0/15 3/15 0/15 0/15
Al-Darb 0/15 0/15 3/15 o/15 0/15 3/15 0/15 1/15
Infection rate % 18.3 6.7 28.3 0 1.7 20 0 3.3
Najran: Najran 3/15 1/15 3/15 0/15 1/15 2/15 0/15 0/15
Khibash 0/10 0/10 2/12 0/12 012 4/18 0/18 1/18
Infection rate % 12 4 18.5 0 3.7 18.2 0 3
Total & overall 41/310 12/310 | 64/331 | 19/331 | 11/331 | 69/348 | 28/348 | 9/348
Infection rate % 13.2 3.9 19.3 5.7 33 19.8 8.1 2.6
Overall incidence
of sheep and goat T.ovis: |133/679| T.hirci: | 47/679 | E.ovis: |20/679
parasite infections 19.9% 6.9% 3%

Numerator is number infected, denominator is number examined.
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Fig. 2. Koch’s blue bodies in lymphnode 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 Al-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,
Al-Hafr, Al-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 Al-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 Al-Kharj region in
the eastern part of Riyadh Province, none of the animals sampled in western
(Al-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
lymphnodes 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 lymphnode puncture nor blood smears. All
of the 6 cows looked healthy and showed no signs of disease. Moreover, 3 and S 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 @veras 1962).




150 Hussein S. Hussein et al.

However, Ilemobade 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 (@Dveras 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 al. (1985) from the
OIE/FAO/WHO Animal Health Yearbook of 1965 and 1982, respectively shows

e -

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; S, Trypanosoma evansi isolated
from a Najdi camel in Balb/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, Al-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 anatolicum 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 7.
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.
anatolicum 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. anatolicum. 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. ovis, 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. ovis 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. anatolicum that has been frequently
encountered on sheep and goats in the Kingdom (Al-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 ovis 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. annulata was first reported in
Saudi Arabia from Al-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. annulata were isolated and stored in liquid nitrogen for further
studies.
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