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_ Last Coast Fever
(Theileriasis, Theileriosis, Rhodesian Tick Fever, Rhodesian Red Water)
rast Coast Fever (ECF) is a highly pathogenic, tick tramsmitted, fcbrile
infection occurring in cattle, caused by the protozoal parasite Thelleria
sarva, which primarily involves the hemopoietic and lymphopoietic systems.

This discase is confined principally to areas of East Africa where the prin-

ciple vector, Rhfvic.shalus =ppendiculatus, occurs.

Etiology: The causative organism, Theileria parva, can be idencified in

the bovine erythrocyte or as schizonts in the lymphccytes. The erychrocytic
forms, often rcferrad to as piroplasms or merizoites, are very pleomorghic -
ranging in shape from ¥od to rounded forms. Neitz (1957) describ;d the wmost
commonly occurring rod forms (80%) as being 1.5 - 2.0 u X .5 u, the round
foxrms {12%) 1.0 - 1.2 u in diametecr, the oval forms (6%) 1.0 - 1.7 u X 0.6 u,
and the Anaplasma like forms (2Z) as being 0.5 ~ 0.7 u in diameter. It is
doubtful if positive differentiation of blood forms can be made between T.
parva and I. mutans, or T. aunulata,‘howevcr the latter two tend to become
more rounded and slightly larger. The blood forms of T. cervi}occurring in
white-tailed deer of North Amcrica,also closely resemble T. parva. In size
the rounded or larger Theileria parusites may resemble the small Zabesias,
and positive identification based solely on morphology is not always certain.
.The lymphocytic or schizogonous forms, sometimes referred to as Koch blue
bodics, are present in the early phases of infection, and are diagnostic of
Theileria infections whaen scen. following attachment and feeding of infected
ticks on a susceptible host the infcctious organism migrates to lymphatic
tissue v-nre it undergoes schizogonous development. Initially macro-schizonts
(agamonts) develop which eventually rupture discharging numerous indivicual

cacro-schizonts or macro-merizoites. These organisms are thought to re-invade
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lymphocytic tissue either forming another macro-schizont or a nicro-schizont
"(gamonts). The micro-schizonts have smaller and more numerous granules which
After maturing and freed from the schizont are referred to as micro-merizoites
or.mcrizoitcs. It is thought that these merizoites invade the crythrocytes
and beeome the blood forms obuerved in these cells, The macro-schizont chrom-
atin gronules range in size from 0.4 to'2.0 u averaging 1.2 u, whereas the
micro-schizoat granules range in size from 0.2 to 0.8 with an average of 0.5 u.

The tick vector becomes infected by the ingestion of blood forms which
following a cycle in the tick are returnad to the vertebrate host as sporo-
zoites by the tick thus completing the cycle.

As early as 1957 and 1958 the parasites were observed to survive for short
periods of time in tissue fragments. Hulliger (1964 and 1965) maintained an
apparent schizogonous form of the parasites for scveral rmonths with repeated
subculturing in bovine lymphocytes. LEven though an infection could be induéed
in cattle with this material, the surviving animals, while resistant to the

organism present in tissue culture, were susceptible to T. parva via a tick

challenge. Malmquist et al in 1970 reported the establishment of 3 spleen

cell lines derived from 3 calves experimentally infected with T. parva in
which the macro-schizogonous phase of the organism has been maintained for up
to 10 months. rowth apparently occurs in lymphoblasts which can readily be
subculturad. The infectious particles present in these cultures are capable
of inducing infections in cattle indistinguishzble from ECF.

History: East Co;s: Fever was probably first recorded in Zast Africa

- -

dvring the 18th ceatury by wmissiomarices. It was not until 1898 however,

that Xoch observed the eriologic aszent which he thought to be immature or

]

yourng forms of Bsbesiz biszemina. Ia 1903, while investigating deain losses

in cattle thought to be due to red water, Theiler observed intraerythrocytic

forms which were eantirely unlike the large, pear shaped, Bzbesia bizemina.
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Theiler concluded that ti .s condition was an entirely new discase entity

o

ased on morphology as well as his observation that red water immune cattle
were susceptible to this new organism. Theiler (1904) in his description of

the parasite called it Piroplasma parvun. When Bettencourt, Franca, and

Borges (1907) created the new genus Theileria, which included this organism

it was named Theilexia parva. Prior to 1900 the discase had been enzootic

along the east coast of Africa, having been well known for many generations.
Because of the relative isolation from cattle in the interior, infection was
generally confined to thesc coastal areas. By 1910 however, the movenent

- and importation of cattle through and from coastal regions spread this in=-
fection throughout much of South.Africa, Rhodesia and the inland areas of
.Tanzania, Kenya ¢nd Uganda. It was estimated that between 1910 and 1914
900,000 head of cattle died in South Africa alone (Neitz 1964).

Signs: The first indication of infection occurs as an increase i
temperature (41.1° to 42.2°C). Xoch bodies may occur in the regional lymph
nodes several days before fever and erychrocytic forms 2 to 17 days afrter
the rise of temperature. Later there is obvious swelling of superficial lymph
glands, inappetence, rumen atony, drop in milk production, excessive saliva-
tion and lacrimation, diarrhea, emaciation, serous nasal discharge, accelara-
tioan of respiration, and pronounced dysphea shorcly before death. The course
of the disease is usually & to 25 days with an average of 15 days. Jaundice

and anenia are not outstanding features of T. parva infections even though

érops in packed cell volumes do occur e;pecially in protuicted cﬁses. Gen~
erally the morbidity among susceptible éattle will approach 100% with 2 95%
mortality. Among indigenous cattle and young calves raised in enzootic

arcas the mortality mey be less, with as many as 75% of adult cattle and even

a higher perceatage of czlves recovering.
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Incubation Period: According to Neitz (1957) the incubation pericd is

§-25 days with an average of 13 days following infestation by infected ticks.

Patholosic Changess

—— s @ e s o

Postmortenm Lestons: The carcass s usually cmaciated with froth couming

from the nostrils. The subcutancous and intramuscular areas may be yellow
and infiltrated with clear serous iluid to give them a gelatinous appearance.
The pathologic lesions arc dominated by a nroliferation and enlargement oI

the lymphoid tissue, includiag Peyar's patchecs. There appear to be liver and

£

kidney infarcts which are rezlly perivascular proliferative foci of lympho-
cytes. The lungs are generally saturated with clear edematous fluid. There
xzay be marked petechial hemorrhages on serous and mucous surfaces throughcut
the abdominal and thoracic cavities. Neitz (1948) has reported intramuscular
hemorrhazes. In cases of centrali nervous systen involveneant (Turning-disease
Mettam, 1934 and Mettam and Carmichael, 1936) therc may be perivascular lym-

phocytic infiltrations, and lymghocytic embolisms of the cerebral veosels.

Microsceopic Pathology: An initial intenmse lymphocytic hyperplasia is

noted, particularly in the local nodes. Tae hyperplasiz is of a lymphoreti-
cular type with a rapid multiplicarion of rericular cells, and large and
medium lymphocytes. De Koeh (1957) and Darnctt (1960) obscrvcdlthat the
early lymphocytic hyperplasia was replaced by regressive changes in the lym-
phoid tissue beginning about the fourth to sixth day iavolving depletion of
the lymphocytes, disruption and destruction of the lymphocytopoietic centers,
and a progressive toxicosis of cells associated with cellular destruction.

Diagncsis:

A. In the Field: A febrile highly fatal disease associated with
enlarged lymph ncéezs oné pulmonary edema in am area of R. apnen-
diculatus Infestation is sucgestive of ECF. A history of fallure

to spray or dip at cthe usual intexrvals, and the presence of R.
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appendicularus on the animals would further suggest a diagnosis

of ECF.

Laboratory: A Giemsa-stained smear frco a lymph node biopsy,
taken preferably from the parotid or pre-scapular nodes, should
be oxamined for Koch blue bodies (macro or misro-schizoats). The
presence of these bodies is dizgnostic of theileriosis, and de~
pending on the history and symptomatology diagrostic of ECF. The
presence of blood forms on Giemsa-stained blood smears are also
diagnostic of theileriosis. These simple criteria are generally
adequate to differentiate the disease from viral or bacterial

infections.

L3

In recent years greater attention has been displayed in the

developnent of specific serologle tests for the diagnosils of ICF.

A speclfic agar gel precipitin test was demonstrated by Gourlay

and Brocklesby in 1967, and in 1968 Schindler and Mehlitz reported
using a Coons test and the complement-fixation tests. These
workers have used these procedures more as tools in studying anti-
genic similarities batween theilerial infections rather than
attempting to adapt them as routine diagnostic procedures. Burridge
has described an indirect fluorescent antibody test to detect spe-

cific Theileria antibodies which has been useful in measuring an

imnune response to vaccinated cattle.

S —

Differeatial: 1In addition to T. parva Koch bodies may be found in

animals infected with . muetans, T. annulatus, and T. lawrencei.

These bodies are rare however in T. mutans waich generally produces
only a mild infection with rapid recovery Zollowed by premunitiorn,
or a carrier infection. T. mutans is readily transmittad by blood

inoculation waich is not truve of T. parva. Koch bodies are common
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ia T. annalaca infections which geacrally ere milder than infee-

m Al

tions duc to T. mavva. Sucileria annulata is not xnowm to occur

in Africa south of the .Sahara, and is generally confined to dorth
Afrlca, Southern Asia and parts of Southern Europe. Theileria
layrencei 1s thought to be a primary pathogen for the African buf-
falo, and on occasion produccs u relatively scevere infection in
cattle (Corridor Discase, Neitz, 1955). Transmissilon of T. law-
rencei from cattle to cattle is however rcported by lMatson (1967) .
Barrnett and Brocklesby (1966) reperted the serial passage
in cattle of T. lowrengel (Xeaye) isclated from buffalo in Xenya.
After 7 cattle passages of T. lawrencei (Xemyz) it was indistin-
guishable from T. pzrva based on =orphology, pathogernicity and
cross immunity tricls. These authors coaclude T. l&w:ancei nad
become indistinguishable from T. parve hence the validity of T.
lawrenczi is hignly questicmable.

T, parva, T. law-

Serologic and immunologic comparisons of

rencei and T. rutans by Scainller, Mehlitz, and Matson (1969) and

by Schindler and Xehlitz (1968) hcve shown antigenic similarity in
these organisms. An antigen common to all three “heileria was dexon-
strated with the suggestion that lawrencei was intermediate between

parva and mulans.

Prozacsis:, Last Coast Fever in suscep vtible stock is frequently severe

with mortality approaching 95Z. The prognosis in such animals is very poor.

The prosnosls may be wore Lavorable in indipenous Zebu type cattle, where

rortality may be much lower.

ol
-

Ceorroshic Distribution: st Coast Fover is cpizootic in last

t

Africa. The discase was intvoduced into Rhodesia by a shipment
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of cattle from Tancinyika Zn the early part of this century. From
Rhodesia, it sprcad southward to Mozambique (fornerly Portuguese
' fast Africa), the Transvazl, Sawziland, ¥etal, and the Eastern Cape
province of South Africa, weetward o the Belgian Coago and nerth
to Uganda, Kenya, and the Sudan. The éiseasc has élso appeared in
Zanzibar, probably exists in Echiopia and Southern So zlia, and has
been suspected but not confirmed ia some areas of West Africa.
The Republic of South Africa and Mozemdique nave reportecly
eradicated =he disezase throush intensive tick control, quarantine,
and slaughter of 2ll cattle associated with isolated outbreaks.

P

3, Transmission: Stage to staoe tran;mission of T. parve is nrzdoni-

.

nantly accompllngd by the 3 host tick Rhivicephalus appendiculatus.,

Transovarial transmission does not occur. Several other species

of ticks have been demonstrated as capable of transmitting the

1]

infoetion and these inciude Rhipicephalus ayrei, R. capensis, R.

evertsi, R. jeanelli, R. neavei, R. simus, Hyalomma anatolicun,

H. dromedarii, and H. trun atum. Transmission of the parasites by
these vectors is on a stage-to stage basis.

Martin et al in 1965 reported that R. appendiculatus became

-non-infective within 34~40 weeks after moulting, even though cap~-
able of feeding for as long as 15 months. Ticks infected with T.
parva could transmit the parasite to cattle 24 Lours after being
placed on the host.

Hosts: Last Coast Fever ig primarily a discase of cattle, however, both

the African buffalo and the Indien water buffale are susceptible. The In-

dian water buffalo appears to be equally as susceptible as cattle. The

African buffalo, while a yotential carrier, is relatively resistant to T.

zarva, however it may show moderate to severe response to T. lawrenceti.
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17 lowever, lawrencod iIs o stusin of 7. narva, as suppested by Darnetc and

sust be reconsidered. Mout wild antelopes in Last Africa carry intre-

erythrocytic piroplasms that arc mecrphologically indistinguishable from

those of T. parva. It 1s not known if these pavasites are pathogenic to the

host in wnich they are found, por is it known if these piroplasms are trens-

missible to cattle. Onc such Theileria has been transmitted from eland to

A. Preveative Meocsures: Regulay dipping to control the vector, quar-

antine, and slzugnter of infccted stock under some conditions, has

ction ia Soutn Africa, zad to &

0]

been successful in eliminatiang inf
mora limited exteat ia Rhodesia. A combdimation of gquarantine and
tick control is probably ine most practical approaca in containing
the disezse in enzootic areas. Dippiag or spraying twice weexly is
essential for tick eradicationm, but im practice a 7 to 10 dey dipping
interval is usually adaqﬁate. The arsenicals, BHC, and toxaphene are

usad in dips and sprays for this purpose. Newer compounds with longer

vl

residual action might reduce the rrequendty of dipping.

I

B. Treatment: No effective therapy exists for ECF.' Administraticn of
chlortetracycline at the rate of 12-15 mg/kz when given very early
"in the course of infection may recuce the severity of infectioa.
Cood care and management of calves in enzootic areas has reduced
mortality.

C. Sanitation znd Disinfeocticn: Saaitation and disinfection, aside

from that involved in control and climination of ticks, do mot con-

tribute to an chatement of the disease incidence in enzootic areas.
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Tawutization: There is not at present a yractical dwmunizatlon pro=
UL AL L)
cedure in routine use. There arc now indications that vaccines nay

sa developed in the near future considering the advent of new teen-
1iques including growth of the orgenism on tissue culturc, radiation,
ind new methcds of isolating Zunlectlous parcticles from ticks to arti-
ficially induce infection. Recovery from ECT may confirm a solid,
sterile immunizy, however in sowe instances carrier infcction may
persist (Jeitz, 1964). Mild scrains of T. parva can be used to induéc
protective imwmunity, but the lack of a practical delivery systemn has
limited the use of these organisms. In the past ECF, hag not been
readily treonsmitted by the necdle inoculation of infected bovine tis-
sucs, but infectoed tissue cultures, and infected tick tissucs have
teen shown to readily induce an immunizing infection (Cunningham,
1970). 3Raraectt (1957) and Wilde (1965) noted that the severity of
infaction is related to the level of exposure, and cattle recovering
from mild infections induced by low level exposures are soliély re-
sistant to T. pzrva tick challenge. Qontrolled infections mignt
therefore, be of value in preventing ECF.

Under experimental conditions the occurrence of antigenic
variants appear easily induced with Theileria. The possibility of
such variants crossing an immunologic barrier is one which must be

kept in mind @hen and if a vaccination program for ECF reaches the

point of common use.



AP2ENDIX 2

Piroplasma and Koch bodies from blood, lymph nodes apd spleen.

Liscolorical Bxamiantion:

Lywnhatic hyperplasia, small pivoplasma in red cells and Loch bodies in
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t, complement-fixation, Coouns test, and Indirect
fluorescent ancibody.

Aniral Inoculation:

Tick rransmission is the most consistant means of reproducing iniection.

Animal inoculation with tissues of infected animals is only sporadically

successful. The iajection of ianfected tick tissues, or lymphoblast tis-
sue cultures are more coasisteat in artificizlly inducing infections in

susceptible cattle. Laboratery aninals are refractory to infectioa.
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APPENDIX 5

Description: |
A highly pathogenic, tick transmitted, febrile diseage of cattle affecting

primarily the hemopoietic and lymphopoiectic systems.

Cause and Distribution:

The protozoan - Theileria parva. East Africa.

Host:

All bovine species. African buffalo. Indian water buffalo. -

Signs:
Swelling of the lymph nodes draining the area where infected ticks have
fed. Sudden febrile response --105-106°F. Lachrymation, nasal discharge,
corneal opacity. Diarrhea, lung-edema, emaciation. Course 8 to 25 days.

Pathelogy:
Lungs are generally edematou; alsé subcutaneous and intramuscular edema,
Highly variable areas of petechial hemorrhages, extending through the
thoracic and abdominal cavities. Proliferation and enlargement of lym-
"‘phoid tissue, including enlarged Peyer's patches and raised grey-white
areas of proliferative foci of lymphocytes on the liver and kidneys re-
sembling infarcts.

‘Diagnosis:
Field - A highly febrile and fatal disease associated with regional lymph
node enlargement. Differential - Demonstration of Koch's bodies in
lymphoid tissue and parasites in" blood smears.

Incubation Pe.iod:
8 to 25 days with an average of 13 days.

' Mode of Transmission:

Stage to stage transmission principally by the tick Rhipicephalus
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APPENDIX 5 (Continued)

appendiculatus. Six other species of Rhipcephalus and three species of

'Hzalomma capable of transmission.

Period of Communicability:

R. appendiculatus may harbor infection as long as 34 weeks. Cattle and

African buffalo may become carricrs of infection for an undetermined

period.

Control Measures:

Tick control by frequent dipping (7-10 day intervels), strict quarantine,

restriction on all movement of cattle and in some instances slaughter.
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