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Production of Complement-Fixation Test 
Antigen for Serodiagnosis of Theileriasis 
in White-Tailed Deer (Odocoileus 
virginianus) 
F. A. Gadir,B. V.Sc., M.S.; R. J. Hidalgo, D.V.M., Ph.D.; 
K. L. Kuttler, D.V.M., Ph.D. 

SUMMARY 
Four complement-fixing (cF) antigens were produced from washed 

erythrocytes collected from a deer with a 73% theilerial parisitemia. For 
production of antigens, erythrocytes were lysed by ultraso: ic disruption
(method I, antigen 1), with distilled water (method II, antigen 2), with 
carbon dioxide-saturated water (method III, antigen 3) and by a mechanical 
tissue homogenizer (method IV, antigen 4). Production methods were com­
pared on the basis of productivity, economy, adaptability for large-scale
production, potency, anticomplementary activity, and specificity of antigens.
Production methods in decreasing order of desirability were I, II, III, and IV. 
Method I yielded 46.77 test units of antigen per milliliter of packed eryth­
rocytes, whereas methods II, III, and IV yielded 20.46, 8.77, and 2.77 test 
units, respectively. 

Antigens 1, 2, and 3, in tests with the same reagents, were reactive with 
specific serum antibodies in deer infected with Theileria and were of satis­
factory potency for rou;ine diagnostic use. Antigen 4 had substandard 
potency and cointained ari excess of color that interfered with readiug of cF 
test reactions. Specificity of the antigens was shown by their failure to react 
with serum from cattle and deer infected with Anaplasma marginale, normal 
bovine serum, serum of cattle infected with Eperythrozoon wenyonii, and 
serum from deer infected with Babesia. 

Antigens were prepared by 'iltrasonic disruption of erythrocytes obtained 
from deer with theilerial parasitemias ranging between 0.1 and 80.0%. 
Blood of deer with high parasitemias yielded the most desirable antigens.

Attempts to detect circulating soluble antigens that could be used in cp
and gel diffusion techniques for diagnosis of theileriasis in (leer were unsuc­
cessful. 
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Two species of Theileria were re-
ported in the United States, Theileria 
mutans in cattle" and 7heileria cervi 
in white-tailed deer,5," The presence of 
nonpathogenic Theileria mutans indi-
cated that the United States may have 
the vectors that would permit the es-
tablishment of Theileria parva (cause 
of East Coast fever) if it were acci-
dentally imported. 

Diagnosis of theileriasis is one of the 
most important and difficult problems 
confronting those investigating the dis-
ease and is dependent upon the demon-
stration of schizonts or the erythrocytic 
parasites, or both, in blood and tissue 
smears. Differential diagnosis of the 
diseases caused by various species of 
Theileria is based upon the geographic 
distribution, degree of parasitemia, 
pathogenicity, epizootiologic features, 
signs, pathologic changes, nature of the 
immunity, and results of cross-immunity 
tests." 

Diagnosis of the carrier state is ex-
tremely difficult, because after initial 
infection, theileriasis in (leer usually be-
comes an inapparent infection andi orga-
nisms are difficult to demonstrate. In-
oculation of blood from suspected cases 
into susceptible animals and splenec-
tomy of premune animals have been used 
for diagnostic purposes. 

The pleomorphic nature of the orga-
nism and the inarked morphologic simi-
larities of organisms within the family 
Theilerdae nmale r,,cognition of spv-
cific I'/wileri d iltiult and create taxo-

nomic problhiMn." 'i'l develolment of 
a ystem of ci ologie clasification with 

may resultcrosm-absorption hi'lniqu 
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ana) infected with Theileriacervi. Kut­
tier et al e prepared a cF antigen from 
deer W~ood with high theilerial parasi­
temia. Later Kuttler and Robinson7 

prepared an antigen from deer erythro­
cytes infected with Theileria for use in 
the capillary tube agglutination test. 
These workers reported that the capil­
lary agglutination test, when compared 
with a CF test using an experimental 
antigen, was more sensitive and detected 
a higher percentage of theilerial infec­
tions. However, they stated that the cF 
test was of some value in detecting in­
fections and that a refined CF antigen 
would be valuable in cross typing the 
organisms in theilerial infections. 

The purpose in the present work was 
to determine whether an improved CF 
antigen could be developed which would 
be sufficiently sensitive to detect thei­
lerial infections in carrier animals. To 
achieve such a goal, 4 methods of pro­
ducing CF antigens were studied, using 
infective material collected from the 
same donor animal. Production methods 
were compared for ease of production, 
economy, and practical application. The 
antigens were compared for potency, 
specificity, and anticomplementary (AC) 
activity. The optinmal stage of parasi­
temia in the deer for collection of blood 
for pro(luction of ('F antigen was (IC­
terini(d. In addition, attempts were 
made to dlecet the pr;e (lnc'e of circu­
lating soluble antigens that. would be 
of dia gnostic vati by tle cr and gel 
diffusion I,.h(lniqite . 

Materials and Mothods 
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carrier deer (No. 477). Purity of the 
theilerial infection in the donor deer was 
determined by testing serum 2 times per 
week by the CF and CA tests and by micro-
scopic examination of stained blood smears 
for more than one year. 

Theilerial body counts and packed cell 
volume (Pvc) determinations were made 
each day after deer 498 was inoculated, 
The animal was exsanguinated when the 
parasiternia reached 73.0% and the Pcv 
was 20.0%. A liter of blood was collected 
in an equal volume of Alsever's solution. 
The erythrocytes were sedimented and 
washed 4 times in 0.85% sodium chloride 
solution by centrifugation at 1,060 g for 
30 minutes. This yielded 156 ml. of packed
erythrocytes which wore divided into four 
39-ml. portions. A given portion was 
processed by 1 of thi following 4 antigen-
production methods. 

Method .- The antigen was preparcd by 
ultrasonic disruption and differential cen-
trifugation of the picked cells, as tie-
scribed by Rogers et al. This constituted 
antigen 1, which was siored at -60 ('. 
until used. 

Method 11. - Antigen 2 was prepared ac-
cording to th, procvdure described by 
Kuttlhr et a.' for the preparation of thei­
lerial ci, antigen. 'l'lw antigen was storel 
at -- 6)C. until lused. 

Method III. For prodthction of antigen 
3, l)acked cell -tie lvsilI iy adding 30 
volum es of o ld ('' h)to 3( C ) l ) d iox-
ide-saturated wa(te ;I,n allowing it)an 
overnight at 1 ( l] aHlh', strttutia wam 
the torahel antid ol)d ', ,n ithxI II., 
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in the titrations was obtained from a known 
theilerial carrier deer (No. 477). Standard 
negative serum was obtained from deer 
(No. 130) which was chown for 2 years 
to be free from Theileria and other blood 
parasites as determined by 1-time per week 
testing of serum by cF and CA tests and 
by microscopic examination of stained 
blood smears. Standard serums were stored 
in 2-ml. portions at -25 C. until used. 
Guinea pig serum used as the source of 
complement in the CF procedures was ob­
tained from adult animals by exsanguina­
tion. Serums were pooled, clarified by 
centrifugation, scaled in glass vials, and 
stored at -60C. until used. Hemolysin 
was obtained.' The effect of freezing and 
thawing on the quality of the antigens 
was determined by titration of the anti­
gens before and after freezing and thaw­
ing for 8 successive times. 

Productivity comparisons were made 
based on the number of test units obtained 
from I ml. of packed erythrocytes. Test 
units were calculated according to the pro­
cedure outlined l)y Gates et al.' for com. 
paring production methods of bovine ana­
plasmosis antigen. Test units per milliliter 
of packed red bhd cells (anB) were cal­culated by (he following formula: 

'lest units/ill. of 11IO 
ml of anligen X titer X test unita/mi. 

of antigen 
ml. of l)tck(d Ron 
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TABLE 1-Hematologic Data on Blood That Was 
Used to Prepare Complement-Fixing Antigens
from Deer with Varying Degrees of Theilerial
Parasitemia 

c'acIell 

Deer Pamsiteml* volume 
"(%) J 

880.1
477 o 
58 17.0 
58 53.0 
58 80.0 

* % of erythrocytes with 
by microscopic examination 
smears. 

3924 
29 
23 
13 

organism, as determined 
of Geimsa-stained blood 

the CF test, using antigens 1, 2, and 3. 
Serums for 2 calves infected with Eperyth-
rozoon wfenyonii were similarly tested. 

Comparison of Antigen Titer with Para-
sitemia.--The method for preparing thiro-
lerial antigen I dscribed alove was ema-
ployed to prepare antigens front blood of 
deer at diffeient stages of parasitemia as 
shown in 'Table 1. 'I'hese antigens were 
titrated as Pr(,viou.sly d(escriled. 

Sohble (7ompl,'mnnt-l,'ixin rd(1Precipi-
tin Antigens. 
aration of the 
portion of the 
cvntrifigatioii 
n dl iv i,,i in 

trhhedin the tiir 
particuil:it, ;,I11ir, 
ity wa, h"-h'd l v 

During the Iro('eS of prep-
theilerial ',"mantigens, :i 
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gens 2 and 3 had moderate antigenic
strength, but antigen 4 had low titer 
and contained an excess of color. Anti­
complementary activity was not en­countered ia any of the 4 antigens. 

Freezing tind thawing of antigens for 
8 successive times caused aggregation 
and flocculation of the antigenic mate­
rial. Also titrations of the antigens re­
vealed a slight decrease in titer. How­
ever, ultrasonic treatment of the final 
dilution of ant;gen 1 and homogeniza­
tion of the other 3 antigens in the tis­
sue homogenizer caused disruption of 
the aggiegates and completely restored 
the original titer. The need for re­
proce:sing stored antigen was eliminated 
by storage in sncll quantities that did 
not require re)Lated freezing and thaw­
ing between uses. 

A comparison of the quantity of anti­
gen produced by each method was based 
oil the nulmnlbr of test units ol)tained 
from 1 ml. of )acked erythrocytes, using 
the formultda outline(d above. Test units 
of .. igl s ol)tain(,d I)y the .I mthods 
are shoown ('Table 2). 
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plement). In the cp tests on the same 
deer serums, using antigens 2 and 3, 
8 deer (53.3%) were test positive, 6 
(40.0%) were suspect, and 1 (6.7%) 
was test negative. When antigens 1 and 
2 were used to test serums from 15 deer 
with more than 2% theilerial parasite-
mia all deer (100.0%) were test poi-
tive. When the same serums were tested 
against antigen 3, 13 (88.7%) were test 
positive and 2 (13.3%) were test sus-
pect. 

Serums from 2 antelopes were tested, 
using antigens 1, 2, and 3, for anti-
bodies against Theileria at 13 days after 
the animals were inoculated with the 
organism. The serum of 1 antelope that 
was tested using antigen 1 gave a posi-
tive test reaction, and that of the other 
antelope gave a suspect test reaction. 
Both antelope serums in tests using anti-
gens 2 and 3 gave susp(ct test reactions. 
Parasitemia was not, detected in Gienisa-
stained snars examined twice weekly. 

Serums from the II calves (4 healthy 
calves, 5 wilh anaplasrlosis as deter-
mined by the anaplasmosis CF test, and 
2 infected with /,,'. w'ii'wit ) were test 
negative in cF I ts, aiing aat igns 1, 2, 
anti 3. Similarly, the 1 dct (2 %%ilhaIna-
plasmosis as delcraind Iby flI anaplas-
mosis ', test, an(d "? infected with Bz-
besia) wea.t Ift e'gaIive in I s iviig 

antigens I, 2, anl 3. 
The prodlictin in e,11.a-,l ,e! in man 

hourm for each I I. fi blooI I ,tsiq'd by 

methods I, II, III, and IV were 3.5, 4.0, 
6.0, and 3.5, respectively. 

The number of antigenic test units 
produced had direct relationship to the 
parasitemia of blood used for antigen 
production (Table 4). Blood with the 
highest parasitemia gave the greatest 
number of test units and the most satis­
factory antigen. 

Attempts to demonstrate the presence 
of circulating soluble CF and precipitin 
antigens that could be of diagnostic value 
by the CF and gel-diffusion techniques 
were unsuccessful. 

Discussion 
The main objective in the present ex­

periment was to develop techniques for 
preparing antigens used in CF tests for 
theilerial infections in deer. Four meth­
ods of producing CF antigens from para­
sitized Lrythrocytes taken from tho same 
donor aninmal were compared for ease 
of production and practical application. 
The antigens were compared for po­
t ency, specificity, find AC activity. 

Antigens 1, 2, and:3 were satisfactory 
for demonstrating circulating CF anti­
odics in deer with thcileriasis. Antigen 

I was more snsitiV than antigens 2 and 
:1 for detecting antibodis in chronic in­
feclions or early cases. Antigen 1 thus 
would be spwcilically useful for deter­
mining incidence and prevalence of thei. 
herial infections in deer impulationl. 

TABLE 3 Rr-tills ) Ctrt c,.t-af I ixotri Tests, Uing Antigens 1, 2. and 3. of S rums Obtaifnd from 
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-TABLE 4-Comparison Between Parasitemia 

Packed 
red 

blood 
cell Cells 

Deer Parasitemia* volume used 
No. (%) (%) (mI.)* 

68 0.1 39 78 
477 8.0 24 46 


58 17.0 29 57 

58 53.0 23 45 


498 	 73.0 20 39 

58 80.0 13 125 


Percentage and Antigen Titer 

Test 
units/mi. 

Antigen Antigen of packed 
yieldt titer$ erythrocytes 

30.4 0 0 
22.8 0.625 1.24 
28.5 5.0 10.00 
22.8 80 18.24 
15.2 30.0 46.77 
41.8 42.5 56.95 

* % of erythrcytes with organioms, as detenmined by microscopic eximination of Geimsa-stained blood 
smears. ,, Total volume of washed packed eryihrocytes used. t Number of milliliters of 6% (w/v) anti­
gen suspension obtained. t Rteciprocal of highest dilution that completely fixed 2 units of complement in 
presence of standard positive serums. 

Kuttler et al.1I reported on a significant 
correlation between CF test titers of 
serums and the degree of parasitemia 
in acutely infected (leer, using an ex-
perimental antigen comparable to anti-
gen 2. In the present experiment, an 
antigen (antigen 1) was found to be 
more than twice as sensitive as antigen 
2. 

The theilerial antigens fixed conmple-
ment only in the presce (f serums 
from (leer known to be infecteld with 
Theileria. False positive t est react ion, 
were not ol)serve( whtti Ilh, nutigtis 
were tested against normal bovine andt 
cervine sertli); ant strimiis from dee 
and cattle infit'tttl with other blood 
parasites. l'h spt .ititt of hti atiilt-
gens for organismi mihin flhi, getm, 

Thedrii rtmaitns to he ,hfternoil 
Anticonipleni at-tta iitlt iiv ii Ho~tilt fill 
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was ttl bluitl:tli, ;it tI'a t III tpall,t 

In methods II and III, considerable 
amount of time was used to sediment 
the antigenic material from the large 
volumes of lysates. These methods 
could be adapted to large-scale produc­

ion if a continuous flow system of cen­
trifugation were available. Method IV 
was economical to (to, but, yielded an 
antigen of sulstandari potency. In ad­
dition, this antigen contained eltxcessive 
color which interferetl with in t erpreta­
titi of (,CI'test. reactions,. 

The relation:ihip of ipecitage of the 
parasitlti't erythrocyt.s to strength of 
III,,lit;i,,, had blen thnotistrattd Iy 
traF l.llii cft aI.:' in larg,-walt prtdiuc­
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