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SI' M M A It Y 

\hen 1mvine peripheral blod leucocytes were infected with Theil'ria part'a sporozoites, immediate treatment with 
oxytetracycline (()'I'C) inhibited the development of sporzoites to mature sihizonts. The extent of inhibitioi%was 
dependent on drug cOncentration attd duration of treatment. COncentratinns of 5/+g/nlI OTI'C, or higlher, for 8 days 
e-moplhtely inhibited tile establishnent of sciizonts and titir ability to traistorto host cells. A cytostaticell'eet ttt seiiz.ot­
infected cell lies %%as found ith three tetracyclites and \was also deomttstratrd on ittlt1eCiet'd liytphoblasts. 'i'he parasitrs 
%rre fotund to br srnsiive to ()'I'TC during devrlopnrttt to sehiz.nts, bilt \%hen ratut and esiablishied \ ithin host Cells, 
schimiits \\ ere not drtCnostrably affICd. Thle ifctivit' of sptrtlzIitrs and the binding of sptrozoites to lympioc.tes 
\ re tot directly inhibited by (OIC'. l'he rrsults may explain the acttitt of tetracyclittes wien used prophvlactically diirintg 
mnmunizatim againttst East ( fevrr, and also the reasons fir the inrffcctivrness of these drugs \%hi: u.ucd thcrapeutically 
during patent disease. 

Key \mrds: 'T'silriaparva, East toast lever, in 'to, txytetracyvcline, immunization. 

INTH It)1'("'TiN 

East Ctast fever (ECF) is an important disease of 
cattle caused by the protozoan parasite Theileria 
parva (Theiler, l1€4). 'hi'e di seaise affects cattle ill 
large part IOIf East MId Central Africa and is 
transimitted lvt ween cattle Iv the Itrown ear ti ci 
Rthipicephalus appendieulatis Neitz (19)53, 1957) 
reported that cltltrtetrcycline and vxytetracycline 

(O' IC) suppre.4sed Oe','Ii ipnnt of the disease 
llhowing experinItiil tick-indtuced 7'. par'a infec-

tions ill cattle. Tetvcyclines were administered at 
It0 ig/kg bdy veight, 8 12 times during 21 days 
fim tle day foltlowing tick application. Treated 
cattle recovered and were immune to homologul s 
challenrge. This prophylactic efflect of tetraicyclines 
has been expllited itt the development of sit 
'infection and treatment ' method of immunization 

(reviewetd by i t
urnell (19)77) itt (1981)).and dleV 

Tetracyclincs appeared to le more effective when 
gient dhring the i incubation period of tie diseise, 
since thiett were t' ft d to have little therapettiC 
activity (Wilde, 1967; .Mugera, Mwiria & .Nuittytii, 
1973). El;lcti'oe therapeut ic drugs, parvaqutone, 
iparvaqu-int and haulinlei I , hasive IeeCti do-
Seltped (Schein & Vigt, 1979; .lll artv, I ludson & 
Rae, 19811; )olt, 1981 ; itcilardy & Wt'kesa, 1985) 
and hitpsirvlilitllt' has Ieen shown to suppress 
tdi selse wht giVei at tile same tinto is infection with 

T. parva spolroziitus (Mcl lardv & Wekesa, 1985 ; 
.Nltutigi V/ a. 1988). While huiparvaqutLitOe shows 
it atsiderable imise, tetracyclines, particularly 
O'C, are currently the drugs of oice for use in 
itt ni zti/Si TheIiode Of action tf tetracyclines 
against ilt'hlia is not tderstood. Neitz (1957) 

suggested that tetracyclies were schizonticidal, 
thereav causing a reduction in the numbers of 
schizot.t-infected lymphocytes which are detected 
follhwing immunization. Wilde, ltlluiger & Brown 
(196f) considered that the infectivity of the spuro­
zoite stage of '. part'a was inhibited by tetra­
cvlines but Radley (1978) showed that this was 

unlikely, since sporoztites were infective fitr cattle 
fillowing exposure to 160/ig/ii ()TC for I h in 

vitro. IHuwever, the sporozoito preparations in this 
latter stuIdV were not quantiied and therefore it was 
not plssille to determine whether there was a 
reduction in the numer Of viable sporozoites. lore 
recently, I)olan (198 I ) considered thit totracyclinties 
act by intihiting thie growth of the rapidly ntI l­
tiplying infected cell thIts slowing tile Lteve loptent 
of the nacrschizto t. This isssis supported b\1 the ill 
vitro studits Of Ncll ardy, I laigh & I)ilan (1976) 

who reported that the growyth of a '. parva-infected 
cell line wis inhibited by exposure to 100/g/mI 
()T1C. 

TIhe purpose this i to theof Study wits examine 
effects of tetracyclints, particUtlarly OTC, in 7itro, 

which might lie relevant to their action in cattle 
during 1uit tin izatititi against ECF. The effects of 
these tirugs Oit infitetd and uninfected Iovine 
lymphcytes, oit splrozoites, and on the infection 
ind transformation of' lymphocytes ly sporoznites 

w'ere studied. 

MATllIALS AND ME'+.THtiS 

Celles and drugs 

The lyniplih astoid cell line, IR.TpMi. I infected 

I'a~tmit.I.gy (199). 1010,11 17 I'rintvid ill (;rvt.l Britain 
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LMuguga) werc from from 
Scott, 196 1),was isolated front the peripheral hLI adult R. appi'i1ulati S infecteiL with 7'.parea 

of an infected bovine (Kurtti, Biuschcr & Ilirumi, (Muguga). For ditllrcit hatches of tick tilt' min.i 

1978; Kurtti , al. 1981). A cellline, 1112, cloned lv number of infected acini ranged I)Lt\we.'el 5( and 
limiting dilution from the IR.TpI.M I line, was 100/tick. (lailds were suspended in mediun at 50 
used. The 7'.parea (:iarikehuni) cell line was all pairs of glands/mil, hlomogenized ais described by 
uncloned line originally isolated from an animl at Ku rtti ef al. (I981) and sporozoite suspensions 
the Kenya coast (Irvin etal. 1983). The uninfectedT claritied Iy centritugatiOn it 50g for 5 min. 
cellclone, A2, was derived followini stimulation of 
bov'ine peripheral bloi imonioiluchar cells(Pi+'\I) In vitro infctions 

with colcanavallin A (con A), and grown in the 

presence of T cellgrowth factor (TC It)without Sporozoite hinding Studies were carried out fOl­
contintietd additiOn of con A (lrown & (;t-ab, 1985). lowing the addition of 250 1i of untdilutcd sporozoite 
The samei'clone was aIsi studied after infection with suspension (approximatelv 625 1250 infected aCt'li) 
7'.pare; (.7iut9iga) (liroin & ILogan, 1986). I cells to a pellet of I0 PI\I in the presence or absence of 
were isolated frot bovine PII.Nby staining with Ia 2Ipg/inI (OTC.Samples of the spirinzoite/Pll.\ 
moniclinal antibody that recognizes bovine Class II mixture were taken after 2 itat 37 'C antd IesuS­

major histocoinpatihility complex antigens and pinded in i) nil of PIlS. Following centrifugation at 
Selecting tilepwiti'e Cells using ii iuorescence 2(0 g fir 5 niii were cotnted and I0'iPI\I 

with T. parva ( (Brockleshv, Barnett & prepared ,alivary glands dissected 

the cells 
activated celtsortir (lalor 'tal. l9Si). These cells in I mil of IS were added tii 1 1il]Of I i 

were infecttid with 7'.por a (.MtIuga) Int then para fornialdchyde and the cells held at 4 o(- for 
clonId b\ I:" ''hent 8 1l Of 50 1I1N1 chloridk illlinliting tlilutiOll. mn. almmimoniuml 

Oxvtetracycline hydrochloride %-as supplied ly PIiS \\ere added and mixCd for 10 Min. Thle lixtd 
Pfizer Ltd, K'ent, 'K, anid tetracycline and chlr- cells were centrifuged at 2(10g for 5 min aind 
tetracycline as hydLlrichlotides \ere purchased con - resuspended in 100l iof Q-2 ,gelatin ilPBS. 1)rops 
rnercially (Sigmaa Ltd, St ILouis, USA). )rugs were iif this stispension w ere placei illthe wells olf 
dissolved in gro\wth nMediun, filtered through a iiultispit slides (Wellciime i)iaIgnOstics, Dartford, 
0'22/pni membrane filter (Plillipore Corporation, UK), and immediately renioved leavirig a rtsidual 
Califolrnia. USA) and then diluted inmediu m to the film iof evenly distributed cellswhich rapidly dried 
appropriate cincentratin ibiefore use. (for staining procedure, see below). 

The infectivity of sporozoite preparations was 

(ell iulure determinmed folhuWinig log dilutioun steps in growth 
medium. Diluted sIspensions if sporozoites iti 

Liehovitz's 1 15 mitdium (Flow 100/lvoluni es were added to 6 x Ill' pIllted P1I\I.Lahoratories, Ayr- / 
shire, Scotland) cittainin g 20 ",,(v/v) foetal bovine 'C,each cellAfter incubation for I 1iat 37 pellet was 
serum ([Fow Lahoratories) was used for tile culture washed Once, restispended in medium and distrib­
of' all 7'.par'a-infected cells utilizing Culture utei into 11 wvells of a 96-well cluster plate (Costar 

methiods similar to those reported previously Products, .Massachusetts, USA). Culture Wells used 
(Ilrown, 19 79). Ri lI\1640 witi 20 m E'ES andIIi for these studies conitainedt a 3-4 day mionolayer of 
20", filtal bovine seruti (Flw Lahoratiries), an adheren: cellline derived froni a foctal bovine 
supplemented with T cell growth factor (iBrwn & thyrnus (reference BT6-isolated at IILRAI)) as a 
Grab i985), was usetI for tile uninfecteI T cellline. feeder layer. Cells were cultured with or without 
Cell lines for growth rate studies were seeded at drug in a total volume tif 2001tl. 
I x I(' or 1'5x I0 (:ells in 10 nil of mediun25 cni 2 Studies if the effect of O'IC oti tileearly events 
flask (Falcon Iroducts, Becton Dickinson, Oxford, after infection were carried out aimilarly except that 
UK). Flasks were Set Up ill duplicate for each drug I' nil volumes in 24-well plates (Costa.- Products) 
concentration and for controls. Aliquot:, were re- 'ere used. PiNI concentrations were adjusted to 

' 
moved fdaily for viable cell counts following staining 5 x 10 cells/well for studies with feeder layers, or 
with 1",,trypan blue. Cell numlrs were expressed 2 x 1i0 cells/well when feeder layers were not used. 
as log viable cells/ml and were the mean counts of This procedure permitted repeated sampling of the 
tile duplicate sarnpies. I'o cllange tileniedium, the same wells during the cariy ctourse of infection (days 
contents of cacti lhask '\erecentrifuged at 200g for 1 8). Parasites were idientilieci as schizonts wlien 

5 min, the cell pellet was rcstispcnded in 10 till of several distinct nuclei could Ihe detected, or as 
fresh growth Medium with or without drug .ind immature forms (pre-schizont stagcs) when vacuo­
returned to the original flask. Adjustments in :i.l lated intracytiplasmic bodies were observCI, Often 
concentrations could e milde at this tinie. Two Thos with peripheral chromatin hut without distinct 
aturus Friesian cattle were used as hlood donors. schizont nuclei. 
PIIM w%-ereseparated from whole ilod by a method The end-points if the infectivity titrations were 

similar tu that of I.alor vtal. (1986). Sporozoites calculated from the percentage of wells, for each 

'p
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dilution, containing scilizont-infected lymphocytes 
at 4 weeks. The end-point was expressed as that 
logarithmic dilition of sporozoites which trans­
formted Pli I i 5i0 ,,fthe wells (Karber, 1931) 

6.0.] 

0.81 

,Staining procedures 

For observations by ligh. microscope, cell stIs-
pensio, %\ere centrifuged onto slides using a 
cytoceni. ifuge (Shari don SOu hern Products, 
Cheshire, UK). These samples were air-dried, fixed 
with methanol and stained with 5 ., Giemsa's stain 
for 310mili. For studies if the mean shizont nuclear 
noumber (.\ISN) (Brown, 1979; Irvin, Ocanni & 
S"pooner, 1982), lixed infected cells on slides were 
subjected to hydrolysis with I M hLxdrochloric acid 
before staining (Kurtti el (d. 1981). ResuIts were 
compared usiag Student's t-test, 

Sporoz,.tes hinding to lymphocytes were d,-tectet 
by an indirect fluorescent antibodv (IFA) test 
(Il)obbelaere it ail. 1985) using an anti-sporozoite 
monoclonal antibody' l)obleaere et el. 1984). 
Sch izoiit ant i inlelnitifected lyniphiOCytes seas tie-
tctei v atl I:A test, following acetone fixation of 
yocentriffu, preparations. '(h.e primary antiboliy 

was ttuui)Och ll anttiltoiyl No. 4 (Mitaoii etId. 

1983), raised ag:iinst '.par'a (\hiLI.Iga) macro-
schizOInts (linder & I li.'ett, 196fl0). ['hisantibody 
wtas used at a dilution of :800 aitl, following 
washin with PBlS, a rabbit anti-mouse immutto­
ghib linCOiijtigait d With tlurescein isothiocxanate 
(Nordic Immunological L,ahoratories, "l'ilburg,
IHlland) was added at a dilution of 1:41(0. 

The action of tetracxclines was initally assessed 

using a T. part'a-infecte cellline. '['he results 

depicted itl Fig. I demonstrate the inhibition by 

)'I'C of the growth of a '. parta (.Iluguga) line. The 

Cct WcIasiose ilip'nideit aid was detected at 

2"5 l/li)'C, the lowest drtig coi.:en tration 

studiIi. Griwth inhibitiol Of the cuItures was fttnd 

vithin 24 I at concentrations of 40 /g/nI OTC and 

above,and ,rowt \%i
ws completely inhibited \-:thn 3 
days by thest concentrations. The inhIibitorx effect
 
was reversible; ot ilrutg remtoval, 
the rate of recovery 

of iif'ctet 
Cellgrwth depended io dirug ctcentra-

tion and duration of
itreatemiet. V%11e tile cultures 
htaud been treated with 411/liml (l'C or less, the 
recovery fiilowing treatment for 4 days was rapid, 
and by t\ 9 grotth rates \ere similar to those of 
control cutures. \%')tile the growth rate was also 
inhibited by l0ig/otl, the percenta.e parasitosis of 
tile"'.piire, (\I igtlga) line Witasilt affected I)i' this 
concentration administered for 3 days. Control 
cutures h;td an infectim- rate of 965.-",,and treated 
cultures 97. ",,.Satmples front these cultures stained 

iu 0.61 -
T 0.4-+/ 

_0 

5.0
 

0 2 4 6 8 10 
Days of culture 

ig. I. The effici of oxxiracteline on ihe growth rate 
of a, 'leh,'ria parva (.\tIgua)-infected cell line. 1)rug 
concentrations ill ig/trias follows: (A) 8i0; ((ii) 40; 
(U) 20; (A) 10; (®) 5; (X) 2.5; (C) coitrl. Culture 
ilmeld
iun was ch,ngced with )TCon day 2. (In day 4, 
drug \was removed by changing the medium and cell 
numbers reduced t0 ICP/nl . ('tiltUre medium \was 
changed without drui' in day 7, and cell numbers were 
agaiin reduced to I -'/ml,except fir 8(Ig/tl O''C 
which did not survive the treatnmnt. Each point is the 
1MIa of Viailk Cellcounts from dtiuplicate tlasks. 

0.4 
0o
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_ 

E 6.0 

u 0.8 _ 0 
m -0.6 
' 0.6 

0.4- 3 

0.2­

50 
0 1 32 4 

Days of culture 
Pi-,2. Comparison of the effect of 3 tetracyclin., ott the 

growth rate if 7 'I'ilea partm (Marikeltuni)-u, ifected 
cell line. Each drug at I(i(g/ntl, symhols itsfitllo,:
 
(0) chlortetracycline; (A) oxytetracycline; (-) 
tetracycline; (0) control. Culture medium was not 
changed during the experiment. 

with Gietisa's stain showed no differences in 
schizont morphology between control and drug­
treated cells. 'he ntean schizoit nuclea r counts 
(.lSN) for cells treated vii IIhpg/mi OTC for 3 
days was 12'15 (±6'53) which was not signilicanty 
ditfferent
frot the \ISN of 1211 (.±6.86) for contrti 
cells. 

' The growth rateil ' tie '.part' (\iarikebuni)­
infected cell line was also inhibited by 10/Ig OTC 
anid similar inhibitory effects x\ere de:tected fol'owing 
treatment with chirtetrace cline and tetracycline 
(Fig. 2). An uninfected bovine T cell line (clone A2), 

/ 
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Fig. 3. The effect of oxytmicracYcline tIlt the vrotht rate 

of an uninfected "1"cell line(cline A2). l)rug 

concentrations il ,tg/1[il as follotms: (I®) 1(); (z) 10; 

Y ) I ; (0) control. Culture inediunu%\as chatnged with 
drug on day 3 and cell nullbers reduced as indicated. 

14 

Table I.The infectivity of Theih-ria parva 

sp,.r......tes.(or b ,litit'll-M %iwasassess'd hllowing 
inculatotf spotrozotites with 2( pg/to! i )''(C at 
5 or 37 Of* ftr the timecs inldiCate'd 

(Results of ifectiViiy titres are eud-poIloPts expressed as the 
dilution of sporo'zcites which illfet[Vdalld tranllsfornied 

l1l1M ill 50",, of tile cultue srlltil 4 ceks.) 

of incubatiol
 

'1"reatl,,',t(CC) 0 3 24 48 

('louvrol 5 2"8 2-9 1'3 (.3 

OTC 21)pg/ni 5 27 21) 1 0-2 

('ontrll 37 3'1 3"2 N.l).N.1). 

20
(IC ig/ni l 37 31 31 N.i. N. 1. 

No transformation detected. 

givit,g tv'ansfo~rnation 
ill 5(4",of wells 

N.i.,No tranisf(orialtion detected. 

grown in the presence of 'IC(;IF, was similarly 

inhibited (Fig. 3). This same cell line when infected 

with '. parva (Mruguga), tnd a bovine 11 cell line 

(RI ' cloine I), also infected with T. parva (,'luguga), 

showed similar sensitivities to the drug (details not 

shown). 
The infectivity of '. parva sporoz,>ites, held at 5 

or 37 'C, fitr biine Iyml,;,,'vte., v tasnot inftenced 

by the presence ot 201ig/ml (O)'TC (Table 1).The. 

l'able 2. The effect of difflerent concentratitns of ()TC on the 

transformat ion of at fixed number of bovine PI.M by lo, dilutions Of 

Theihlria purva sporozoites 

(I)rug, was added itutediatel after ite I If infection period anJ rt'ved oi dat 
8 ill culture. Ciulture \tell's for the presence of schizont-infected%%ereexamined 

tesi:t 4 \eeks.) 

Concenitrationl of OTC'L(11g/iml) 

transforimed INityphocy 


20 10 5 2.5 1'25 0,625 0 

Sporozllite dilution (log) N.i).Nil. Nil. 0-88 1"38 1"25 1"25 

sporozoite infi'ectivity remained stable for 3 h at hoth 

temperatutres, but subsequtettlV ,here was i more 

rapidLdeclitte at 37 VC, with no infectivity detected It 

24 I in either control or treated preparations. At 

5 °C, sigiliciant infectivity was detected after in­

cubation for 24 i,and residual infectivity found at 

48 h. 

The ntmher of sporozoites binding to bt'ine 

l'IM wits not altered following incubation Of 

sporozoite/ I'llN I mixtures with 2(1pg/ml OTC for 

2 I1. In control preparations, 2(1 -25 ,, ot PIIM were 

found to have bound spirozuites, while the numbers 

of PlIM binding sporltzoites in drug-treated cultures 

w,:re within + I ",,of these values. 

at 

Table 3. Detection of schizont antigen in 
lymphocytes following incubation with sporozoites 

and treatment I h later with 20 1tg/rnl OTC 

(Schizint antigen was detected by IFA with an anti­

schizont monoclonal antibody. Results are expressed as 
the percentage of cells with fluorescence.) 

Davs after infection 

1 2 3 4. 6 

Contrtl culture 
l'C-ireated culture 

19.5 
10)5 

220 
2111 

23'2 
22'2 

332 
22-8 

386 
121) 

When bovine lymphocytes were infected with 

sporozoites, treatment for 8 days with concentrations 

of 5 pg/ml OTC, o, higher, completely inhibited the 

establishment of the schizont stage of the parasite 

within the host cell (Table 2). While complete 

inhibition was not achieved with 2"5 pg/ml, the 

extent of cell transformatin was reduced. Schizonit 

antigen could he detected, by the IFA test, within 
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Table 4. Schizont development in lynlp hocstcs followijlg incuhation
with sporozoites and treatment I h later with 20pg/nI ()'TU, asassessed after staining of cull preparations with C;icmsa 's stain 
(Results are expressed is the percentage parasitIsis (incltuding both iniint ure aniidnature stages) hased On exilrlinatiott of 1000 cells, and the percentage of schoizonts(in parentheses) assessed from doy 3 b' xaneiining 1(00 infecied cells, Feeder
lavers were not used in this experintent 

]lays after infection 

1 2 

Control culture I I'0 12"0 
OTC-treated culture 110 102 

20 h of infection, and hoth1 
aidcontrol treated 

(20/g/mil OTC) preparations showed a similar 
icrease ill tile percenitage of cells showing fluores-

cence of schizonts to 3 (Table 3).day \While the 
percentage of coitrol cells with detectabhl schizont 
antigen increased to day 6, the percentage of treated 
cells whclih contaited schizont antigen was at a
maximum on day 4 and declined to 31 ',, of the 
control %'alue l\y day 6. The fluorescent schizonts 
were smaller in cells treated with (I'C thatn those in 
control cells. 

Iy examinatioin of Giensa-stained samples, im-
mature schizonts could lie detected within 24 11of 
infection in biith treated and untreated preparations
(Table 4). The percentage parasitosis increased 
steadily in control cultures alild this was accompanied
hy a iaturatio of the schizonts. By( day 8, 35'4 ", of 
cells were infected and 96",, of these infected cells 
contained iature schizonts. In treated cells, tie 
percentage parasitosis increased to 19.5 ",, ots day 4 
and then rapidly declined ti 5"6 ",t i day 8. 'his 
decline was accompanied byi a failure ttf tile majority
of parasites tv matuore. Most remained as htis tisature,
vactiolated forms with peripheral chroatin whereas 
control cells containted mature scllizonts with several 
distinct tiuclCi. 

At day 3, the NISN in tile low percenttage of cells 
in which schiZint tclel touI d lie detected, following 
treatment with 20lg/inil OTC, was 2"44 (+0.9))
and in control infected cells was 5'7 (±2-38). 1iy day 
8, the controlNISN had risen to 810 (+3'78), butinsufficient numbers containingof cells scizonts 
were found in treated cells tt permit a calculation of 
the ISN. 

I) 1SCU'SSt0N 

The effect of OT'C on parasite development after 
infection was studied by qtJantilication Of host cell 
transflorniatiot, detection schizontof artigen 
m nitmnlu resence, and exansination of' schizont 

morphtology. Tetracyclines were fiUnd to inhibit the 
growth rate of infected and uninfected lymphoblasts. 
This effect was not cell type-specific its tile growth of 

3 4 6 8 

15'0 (12) 26'0 (28) 29'3 (89) 35"4 (9)) 
124 (8) I195 (I) 10"2 (5) 5'6 (4) 

It cells was also inhihitcd. Following infection of 
bovine lymphocytes with T. parva sporozoites, drug­
induced growth inhibition resulted in a significant
effect on the developing parasite. The additi,)n of 
O'TC immediately :,fter infection was found to
reduce the number of cells containing schiztints and 
to inhibit tile developtnent of' those schizonts that 
were detected. The majority of parasites remained at 
an immature stage, resembling those described 
previouslyv in the early stages of untreated cultures 
(Stagg el al. 1981). A reduction in scizont size (as
assessed by . (SN) was ohserved in the few :reated 
lymphocytes in which parasites developed past tie 
immature stage. 

This inhibitory effect oti schizont development
resulted in the failure of parasites tit establish within 
host cells, as detertnined by host cell transformation 
assessed at 4 weeks. The parasite appeared to be 
more sensitive to OTC during the early stages of 
schizont developnsent, since treatment resulted in an 
irreversible effect ots tile parasite. Once estailished 
its schizont-infected cell lines, treatment with similar 
concent rat ions of drug resulted in a reversible 
inhibition of infected cell growth, withot affecting
tile percentage parasttosis or die tmorphology of the 
schizonts. 

The effects of ()'TC against T. par'aappeared to 
le confined to the events follwing sporozoite
infection of lymphocytes. Thec drug did not directly
affect sporozoites or sporozoite binding to target 
cells. 

Inhibito-y effects of OTC on schizont devel­
opment were detected in vitro at 2"5 pg/nl, the 
lowest concentration studied. This concentration 
can he find in the serum of cattle for 24--30 h 
folliowing a single dose of 20 mg/kg OTC (Ter­ramycin LA, Pfizer), as used during immunization,and concentrations above 0)5 pg/nil have been found 
ftr over 80 It ()avey, Ferber & Kaye, 1985). Vhile 
drug concentrations in vitro were maitained for a 
longer period, it seems likely that the inhibition of
 
parasite maturation observed in 
 this s'udy also
 
tccuis in vivo. Treatment of cattle with OTC,

during iniminization, suppresses the disease, 
caus-

IAR IttIl 
2 
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ing a prolonged pre-patent period, with schizonts 

in low numbers (Neitz, 1957; Iadlcy, 
of

detected 
1978). This limitation of tilerate and extent 

parasite development in the bovine host by OTC, 

may allow time for the development of an imnmune 

response which controls the lower I'eel of infection 

that may develop folloving immunization. 

A similar inhibition ofschizont maturation, caused 

by tetracyclines, has been reported with tilerelated 

protozoan, Eijaeria tlnella (Ball & Warren, I900; 

1976t). This effect was detectedRvlev & Wilson, 

following treatment of experimental infections in 

to be coccidiostaticconsidered 

rather than coccidiocidal 
chickens and wits 

since relapses occurred 

aifter drug removal. 
A schiiZ.onticidal activity of tetracv'clines suggested 

Iy Neitz (1953, 1957) seems ulikely, since stasis 

rather than a killing effect has been denionstrated in 

this study. In contrast, it schizonticidall effect oi a 

7'.paIh'a-infuCthd lyniphilastoid cell line has been 

CtmennstratcL with the anti-theilerial drugs pilr-

vaqitone, hllofugillone and hupar'vaqutitC, a cti-

of 0006, 0006 and 01)003 ig/ml re-
centrations 

N CIlIard\'*
specti vel\v (M organ & NIcll ardY' 1182; 

en c"I 
Htal. 19)85). It has also been possible to 'cure' cells 
of schizont infection with par'aquline (lPinder et al. 

19)81 ). A similar SChizonticidal effect was uolt demon-


strated with concentrat ions of) 1 100/g/ml O'['TC 


(cIlIardy e (1/. 1)76; Spooner, 1987). 


I)urionl disease, tetracyclines may act to
clinical 

control tilemultiplication of schizont-infected lyre-

phocytes ()olatt, 198 1);ho\Nwevet, these drugs have 


been showsn to have little therapeutic \itle (I'Vilde, 


Brown t at. 1177; l)olan,
1967; \1ugera etal. 19)73; 


1981 ). The present study indicates that tetracyclines 


nayi not he effective therapeutically against T.parta, 

because these drugs hvve i reversible cytostatic 

action and schizOnts when estahl ished Within lost 

cells are not eliminated by this treatment. I owever, 

the inhibition of the multiplication of infected cells is 

unlikely tl be tilemajor actiin of tetracyclines 

the presentedduring immunization, since results 

here indicate that these drugs most probably inhibit 

before the infected cell has 

to divide. The nechanism(s) by 
schizont development 

been stimulated 

which OTC causes the effects denotstrated itn this 

paper is lnknhvtt. I tIvever, tetracvlits have hen 

reported to inhibit tittchondrial prottein synthe.is 

ialtt cells 

(fe lllgert el a!. 1981 ; Van det llBogert, I)ontje & 

irlin, 1983). Such an effect could resulIt in 

energy levels available to tie develtoping 

in rapidly growinig mantal tuniour (Vall 

decreased 
parasite. h'le role of these tnechatnisnts in tile 

if"'. parva is currentlyinhibition Oi deVehtptttent 

under tinvestigat 

J. Kiarie for technicalio thankThe author trould lik' 
assistance; J N.N. taura and F. Shikublari for assistance 

in preparation of the figures; 1DrWX'.Voigt forprovision of 

highly infected ticks; )r V. larrv for the T cell cline, A2; 

I)r P. lalor fortileII cell lineinfected with 7'.pirt' 

I. E. 'urnell for supplying ()'l'TC; )r(Mugugta; l)r 
Irvin for his advice and encouragement during this 

l)rs T. T. )olan aid 1'. It.(;ardiner I'rcritically
.A.I). 

stld 
r'iCts ingj1this manuscript. This is I LIAI) publicatiiin 

numher 7013. 

ItFFF E.Ni S 

i. 	 J.& \.III1N', I. w. (1I900ti). Eflects ot 

onchlortetracycline, oxytelraQyclille and spirain vcin 


Fimeria tepIlla in chicks. jaiural of C'omparatiet
 

Pathofikgy 76, 255- ). 
(i. it.)61).IIii(KIT.SitY, Ii. W., IHARNIF, S.F. & Scot , 

Morbidity and mortality rates in East Coast fever 

and their applicatiot to
(Thti'eriaparta infecti n) 

drug screening proceluires. lritish I 't'rtitary Yournal
 
117, 529 31,
 

BiRO\WN, of Theieria. It
C. ;. 1).(1)79). Propagatint 

.. (cd.'racticdal Tissue(Otlture tppli'atio. 

N1aratiorosch, K. & If iruni, II.), pp. 223 254. Ne\v
 

York: Academic Press.
 

mAO\\tN,C. ;. i., t.HtIT.IY, t.F., Ct NNINAIIANt, Ni. V.,
 

S. t. S& I'SK , A j. (1977). 
agains: East Coaist fever t'"heileria 

tKttiN11, 1.Nt., MIiRZtAtI\, 

Ilmmniati oniuim 
bv infection aiu,treatment:par1'infections ofcattle) 


chettoproph laxis
wit Il X-prrolidtnomethyl
 
t licyedline. Tropeomedizin tid Paraitologie 28,
 

342 -,. 
It.lWN, V.. C. & ;t\II, 1).J.(1985). lig loical a1d 

biochemical characterizati',n fbo\ ineinterleukin 2. 

StUtdies m ill cloned bovine T cells, juurmtal of 

bintoiigy 133, 3184 9.10. 

III\WN, W. C. &. inG.'N,K s. (19)80). lovine T-cell clones 

infected \with 'heileriapartva produce a factor \tith11, 

2-like activity. Parasite hturonlogt'8, 131) 9)2. 

Ta,it. (11 85). Comparisoni. ,Y,I. ITtitiMR, M. 1. & 
a a long-acting and aof the serum pliariacokitnetics

convetntional oxytetralcyuline inljclion, I'erinary, 

Record 117, 42 . 1), 

utIIiT.It., 1). A...,SIIINIIt, 1'.It., BiRRY, W. C. 

& MIIVIN, (1984). antibody iut-alizesA. I). 'iMtnclontal 

7'.
the sporozoite stage of different para stocs. 

Parasite Innoti.hligy 6, 3(1 70. 

tlTil.-litt,i i).A.E.,\\rtiSit1 , '., iTCHi'i, ii. I.., ViOiT, 

W. i'. & IlRVIN A. Thei'eria partii: studies tinAI. (11)85). 


expression of ispolriziite surface coat attige.
 

Para.itology 60, )0-1)0.h..xperiniental 


r. T.(1981). Progress in the chnlotherip$ ofDOAi.N, 
of TheileriosisIn ..ldtancrs in the ('Contrltheileriosis. . 


led. Irvin, A. D., Cunningham, .1) & Young,
 

A. S.), pp. 186-20)8. The Il :1Lue: .thartinus Nijhoff. 
III\IN,A. I).,O'iA. J.G. 1. & S'N, P. It.(1982).
 

Cvcl of bovii Invemphoblastioid cells parasitised by
 

'"lehria /arta. Research in l'eterinaryv Science 33, 

2i)8 304. 

IIVIN, A. ii. IOMIIILEI.AFIRI,it. A. F., MNiACt.SlIiI, 1). Ni.,
 

NItNA NI, T.,Si'iOtN1it, 1'. It. & cA..A, J.G. ii. (1983).
 

agalinst East Coast fever: correlationInimmuttization 
between mnnocloial attibo proiles of T/ih ria*dy 

parl'astocks and cro ss immunity in vito, Reearch in 

I'eterinary. Science 35, 341-6. 

;. (I3). hPeitrag, zur kollektiven 11ehaitudlungKAtliRlit, 

pharmakologischer Heilietiversuche. .. rchit ftr
 

E'xperiletdl' lathologie totd Jiarniaologie162, 

480-7. 
Kl erI, r. J., iUSciil, o. & III IIUi ,it. (1978). 

http:utIIiT.It
http:t.HtIT.IY
http:synthe.is


17 Oxi 'tetroe'clineand T. parva in vitro 

Establishment and chiaracitrization of bovint 
lymphbhlastoid cell linesinfected ,ii t'hl 
intractllUlar protozoan 'heieriaparia. It I 'itr, 14, 
389. 

KI'UI"rI, I. J., Mi'NIAIUi.0III, I'. 4;., 1IIIIN, A.1).& liUffl:lt, 

i;.
(198 1). iheileria parla: earlyevents in the 


de%'elhpment of bovin' lymphobhlstoid celllines 

persistently infectd with niacroschizilts. 

IA'perinental l'aratitlny 52, 280) 9I. 

1.A.,lIIIISiN,I.AI.(ii, W. I., (;iiiIITiIS, It, M.., J.iK, 
It,11.&%Il.ACK, S. 1. (1986).. Mont hnal antibodies 

identifv pli'niOtVpiciltV and fUtnctiOIInalv distinoct cell 
tvpts in til bovine h nlpllhid systeni. I vt
ln nwhtgy andlt pathoh(qgy 121 401.lm~n~pn 13, 

NicIIAiRV, N., Ili\IGl, .A.J. II. A Dlii \N, I. I. (197l). 
¢ hut'n lllerapy of Tl ieria pata infction. Nature,
[.windon
261, 6 98 9. 

tliiull', N., III'i)isiN, %.I. & IIAI:, (;.(1980),I. Therapy 
of "l'eili'riapar'a: Correlatin of resultsin culture 

andlii catl'. In Th in I'itn('ulivatiii q the 

Pt hog sof Topical DisUale (td. I lRAl)), p p. 

141)152. Kasel! Sqch\\1abMid C'O. 

Mln 1111', A %%r ..A, i_ (11)85).N. K IuparVaIilOni (mV 

721('): a tit-% ani-thilerial ial~lithqjUiniit': itsrole 
in the therapy and pr lhyhxis t" theilerisis. Ili 
lyinipitli witiagainst Tih'risis in.Afri'a(el. |-'vin, 
A. I).), p. 88. Nairi li: IIRAI). 

MItl ARIDi', N., VI S., 111"11,0iN,A\."I l ANIIAI.I.,1IA 1A, I. 
A.\%.(I1)85). Antithuilerial activity of t\\' 72)C 

(liiiparvaltorie): itclmpailrisoni itill parvaqtlone. 

Reiei.rch in I 'etinriary Scienc' 39, 291-33. 


MINAMI. I., 1I4\'IN, MtAM.A, J.G;.It.,,lOIl It,1.It., A. DI., 
Doll.l0 I.AFIHF, 1). A. I . &:I I JINAG;A, 1T.( 1983). 

(iha'actt'citizatiin
it stocks of l/eih'ria para by 

cvta z.yonoses: A re'vit'i, (.hiderstiportjournalof 
l"'eteriniry Res'earch 27, 275 4311. 

I'lNIil, 'i.& IIWI , i. S.(I198)). In iichiia] 
amntibodie's 'heileri, parvaLitct antigenic diversity ii 

parasilt's. Journalol )tzhtipniIiio,'y 124, I000 I.
 

iINiEiIi, M., KARI,S.,MVIIIIIY,K.S.,IlNilIN, I.. I. 
& iIiiE.ANTS, I;. h.(l191). Proliferation aind lyniphocyte 
stimulatmry cpacitvit ofO h iheia-intfected 
Ivophblastid cellsbefore and afltr liliminati ii* 
parasites. Inonunolgy 44, 51 (A).


IPURNII, i.1:. ( 1977). Feve'r: recent
East C'.a:st somnet 

research in East Africa..'hh'a&'cs in I'arasitol4gy 15, 
Srinary3132. 

IIAIll!TY, Olllginlst Coast
1).V. (1978), 1I1111tiatil IIst 

Fever by clhniprophylaxis. I'..() Technical Report I. 
AG: l)lP/RAF/i7/077, RIome. 

HAITI.I,1).F!.(l11081). ln ,'uctionl ;lldtreatmelnt inethod of' 

ituolninizailtilu agaliiinst tlclicrilsis. Il .ld'ances i, the 
('ontrl of Thri'rhisis ed. Irvin, A. )., Cunningham, 
.M. I'. & Young, A, S.), pp. 227 237. The Ilague. 

artinus Nijholf.
 
]I'.Y, J. F. & \\'II.SOIN, i.,(;. (1970). Laboratory Studies 

%%ith some lder anticoccidials. lParasitoiogy 73, 
287-309. 

Si'IIAIN,. . \Ml1;T, W. '. (1979). Chemottherapy of 
bovintthiltriisis \ii ihilllfgillne. .htia lripica 
36, 311 -4. 

si'OoNFIi, I-. It.(1987). ()x.Ii'trac\clini and Thederia 
pata: tlt-ut.,'ts drug aid its nllUChilisnlls Ofof lh,. 


action \\itirespuct tothe 'iifction and tieatllelt' 
method of immunizing Cattle f'ver.against East ('oast 

Phi.D. thesis, B~runel U'niveursity, U'xbridge, UK.
 

SI'AG;(, 1). A., DI,AN, IT.1'., I.TI1'11, 11. 1.. & 't' ( ;, A. S4. 

(1981). The initial inlctii it'of cellsstages 'if cattle 
liulioch nal:ai:fi[htly profils. Resarch ill I'terinlaryv par7 , sporoziit's in 7'itro.\ ith'"heileria Parasitlohgy 

.Sre'r 35, 334 44). 
7,11111;\N, 1).%V.I. & MClIAIDY', N. ( 1982). ('olnparison of 

the antith'ilerial eftet tof\Weilcme 9 93t and 
lilIitigi llit. i , Stiince 32, 84 8.Re.ii'ari I 'ieterinar 

Nti;FGR\, G;.M., \MMIAI., (;,M. A '*NNI'A,w. iK.(1973). 
Treatment tf East (li.a',t fever \itil Aurtomycin. 
Ituhrti of Epozuiitie I)ilvelev of Afriea 21, 51 5. 

Mt I,'(AI,J. J., Y0il'1,G ', MARHII IM,,A. C"., IANYIINYI, ., 

S,|.l..Kh.& I Il il,it. I . (l1988). Immunization O~f 

cattil uing varyl infteive iisrs Thilera' p''rvat 'f 
lenlre'ei spir ziit's d riI'ud from an African bltffahl 
(.Sitrus t'lflrel ant tr it Ioit %Iihbtl arvaqltlt'.
IParliitology96. 31)1 412. 

NI iIZ,WV.0I. (I1953). Alrvolllnvciul ill Theileria parva 
infection..\'ature'.L.id, 171, 34-5. 

Ni I'F., W. I. (1957). Theileriosi', )ontleris,.,"and 

83, 191-7.
 
1iI1I1:14, A. (1904). Eist Coast Fever. Transvail
 

.-lgricltural Jon nt.' 2. 421- 38.
 
'ANDEN 11t;ClI i,C., 1,0NFJt, I. II. J., \''I':N(;A, j. J.
 
&,KHOON, A. M. (1HS I . Arrest of in vini.proliferation
 

of Zaijdela tumor cellsb.'. inhibition ofmitocolndrial 
protein synthesis. (ani'r Research 41, 1143 7. 

VAN IuI!NBOGERT~('l,C., DO)NTI, It. If. J. ALKIM(OIN, A..l 

(1983). Arrest Of ill I'Li).gro%%tIlof if solid ILeydig, cell 

tumor hy prolngted inhibition of mitochondrial 
protein synthesis. ('1Ici'-r Research 43, 2247 51. 

\ViI.I|, j. K. it. (19fi7).East Coast Fever. .Advancesin 
1eterinarv Science 11, 20)7 59. 

I.II.i.IU;A, t. G. 1).(1966). 
Some recent East Coast fever research. Bulletin of 
Spizoitir Disea.tes of .Ifriea 14. 29-35. 

VII.ilF, J. K. If,, 1.IIIlO\VN, 

2.2 


