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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 (cr) antigens were produced from washed
erythrocytes collected from a deer with a 73% theilerial parasitemia. For
production of antigens, erythrocytes were lysed by ultrasoiic disruption
(method I, antigen 1), with distilled water (method II, antigen 2), with
carbon dioxide-saturated water (method 111, 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, ITI, 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 rouiine diagnostic use. Antigen 4 had substandard
potency anid contained an 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 ultrasonic 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 cF
and gel diffusion techniques for diagnosis of theileriasis in deer were unsuc-

cessful.
Submitted for publication July 14, 1960, Based on a thesis submitied by the senior author to
From the Department of Veterinary Microbiology, the Graduate College, Texns A&M Usiiversity, College
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Two species of Theileria were re-
ported in the United States, Theileria
mutans in cattle!’ and 1 heileria cervi
in white-tailed deer,®* 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 onc 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 {eatures,
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 deer usually be-
comes an inapparent infection and orga-
nisms are difficult to demonstrate. In-
oculation of blnod 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 marked morphologic simi-
larities of organisms within the family
Theilerdae make recognition  of  spe-
cific Theileria difficalt and create taxo-
nomic problems.® The development of
a system of serologic classification with
crosa-nhsorption techniques may  result
in better understanding of the relation-
ships among  these ntraerythroeytic
pathogens.®

A capillury apglutination test for de
tection of thederial infection wies devel
oped by Schaetler" " uwang nntigen
prepared by wonieation of erythrocytes
from whit~tuded deer (Dama vopin
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ana) infected with Theileria cervi. Kut-
tler et ai.® prepared a cF antigen from
deer blood with high theilerial parasi-
temia. Luater Kuttler and Robinson’
prepared an antigen from deer erythro-
cytes infected with Theileria for use in
the cspillary 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,
econemy, and practical application. The
antigens were compared for potency,
specificity, and anticomplementary (Ac)
activity. The optimal stage of parasi-
temia in the deer for collection of blood
for production of ¢¥ antigen was de-
termined. In addition, attempts were
made to deteet the presence of circu-
lating soluble antigens that would be
of diagnostic value by the ¢r and gel
diffusion technigues.

Materials and Mothaods

Antigen Production A healthy, splenee-
tomized deer (No 4980 that had been
taiced i captivity wiei ued for antigen
production. Samples of ccram from this
deer were collected twice weckly for 1R
monthe, tested by the o coud cagallay tibe
applutination tedtsc tean, and were vhown
to be free of antibewhic ayan v Thelerg
andd Anapls ma poopinale Stamed Blood
I al o ox pined wiokly
to cneure thit the deor did not Lonve other
Aftor 18 neath )
thee deet woas o ad e it oo Iy owath
10l of infectne bl ! frome o thederial
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carrier deer (No. 477). Puwrity of the
theilerial infection in the donor deer was
determined by testing serum 2 times per
week by the cr and caA tests and by micro-
scopic examination of stained blood smears
for more than one year.

Theilerial body counts and packed cell
volume (pcv) determinations were made
each day after deer 498 was inoculated.
The animal was exsanguinated when the
narasitemia reached 73.09, 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. ¢f packed
erythrocytes which wore divided into four
39-ml. portions. A given portion was
processed by 1 of the following 4 antigen-
production methods.

Method I.—The antigen was prepared by
ultrasonic disruption and differential cen-
trifugation of the packed cells, as de-
scribed by Rogers et al® This constituted
antigen 1, which was stored at —60 .
until used.

Method II. - Antigen 2 was prepared ac-
cording to the procedure described by
Kuttler et al” for the preparation of thei-
lerial ¢r antigen. The antigen was stored
at - 60 C. until used.

Method HI. For production of antigen
3, packed cells were lvsed by adding 30
volumes of cold 2 1o 3C ) cabon diox-
jde-saturated water and allowing to stand
overnight at 4 ¢ Ernvthioevte stroma wns
then treated and stored as m Method 1L

Method IV Eivthioevtes for antigen
4 were Iveed by Geatment i o Liseite ho-
mogenizer’ for 2 nuoute s ot maamal speaed.
Srythrocyte s tronme wa teated and rtored
an in method 11

Fralisation of Aalipen The § theilerial
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serumy o e tepmne thon potony and ac
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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 cr and ca tests and
by microscopic examination of stained
blood smears. Standard serums were stored
in 2.ml. portions at —25C. until used.
Guinea pig serum used as the source of
complement in the cr procedures was ob-
tained from adult animals by exsanguina-
tion. Serums were pooled, clarified by
centrifugation, sealed in glass vials, and
stored at —60 C. 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 (reezing and thaw-
ing for 8 successive times.

Productivity comparisons were made
based on the number of test units obtained
from 1 ml of packed erythrocytes. Test
units were calculated according to the pro-
cedure outlined by Gates et al' for com-
paring production methods of bovine ana.
plasmosis antigen. Test urits per milliliter
of packed red blood cells (rBe) were cal-
culated by the following formula:

Test units/ml. of une -
ml of antigen X titer X test units/ml.
of antigen

ml. of packed RBC

Efficacy of Complement Fixing Antigen
for Diggnostic Test.- -Serumn from 47 door
and 2 antelopes  (Antilocapra americana)
were tested by the dingnostic ¢r test.’
Each serum was tested o ainst antigens
1, 2, and 3 Antigen 4 had o low titer
und was considered unsatisfactory for use
in these tents The sctums were  ¢lasmed
acvording 1o the stage of the theilerial
infection in the deer at the time serum
samples were obtained, thus (11 pega.
tive, no evidence of infection, (23 chronie
ot eamrly infection, pratasitermias of less than
and (1 acute infections, parasite-
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TABLE 1—Hematolugic Data on Blood That Was
Used to Prepare Complement-Fixing Antigens
from Deer with Varying Degrees of Theilerial
Parasitemia

Packed
cell

Deer Parasitemia® volume
No. (%) (%)
68 0.1 39
471 8.0 24
58 17.0 20
58 53.0 23
58 80.0 13

* % of erythrocytes with organisms, as determined
by microscopic examination of Geimsa-stained blood
smenrs.

the cr test, using antigers 1, 2, and 3.
Serums for 2 calves infected with Eperyth-
rozoon wenyonii were similarly tested.

Comparison of Antigen Titer with Para-
sitemia.—The method for preparing thei-
lerial antigen 1 described above was om-
ployed to prepare antigens from blood of
deer at diffeient stages of parasitemia as
shown in Table 1. These antigens were
titrated as previously  described.

Soluble Complement-Fixing and Precipi-
tin Antigens.  During the process of prep-
arntion of the theilerinl oy antigens, o
portion of the supernatant fluid from each
centrifupation was  tested  tor soluble ¢w
and precinitin ontigens To dotermine or
activity, the supernatant fluid< were i
trated in the manner wsed fo titrate th
particulate antipens Precipitating activ
ity was tectid by oo simphified double dif-
fusion agar proagntm techmgue deserihed
by Crowle’

Rosults

Antipen 1 produced by ultrancme dis
ruption of  mfected  ervthroevtes had
high antigenn strenpth (‘P'able 230 Anty

TABLE 2
Picws Brfected Bagttunter by 4 Methonty

gens 2 and 3 had moderate antigenic
strength, but antigen 4 had low titer
and contained an excess of color. Anti-
complemen*ary activity was not en-
countered i1 any of the 4 antigens.

Freezing und 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 antigen 1 and homogeniza-
tion of the other 3 antigens in the tis-
suc homogenizer caused disruption of
the agpgiegates and completely restored
the original titer. The nced for re-
processing storec antigen was eliminated
by storage in simcll quantities that did
not require repeated freezing and thaw-
ing between usen.

A comparison of the quantity of anti-
gen produced by each method was based
on the number of test units obtained
from 1 ml. of packed ervthroeytes, using
the formula outlined above, Test units
of zntigens obtained by the 4 methods
are shown (Table 2),

The results of ¢ testy on serum sam-
ples of 47 deer, using theilerial antigens
1, 2, and 3, are tabulated (‘Table 3.
Antigen 4 was not included in these Lests
beeause it was not considered a suttable
antigen. Of the cp tests on seruns from
17 deer Lnown to be friee of Thederia,
falee poative tedt Teachons dud not oce-
can o with oy of the anbpons 1o the
resulty of tests uomye antipen 1, on the
1 decr wathe 20 or e thedenal
praratennas, 10 deer (067 were
tet poatinve and bodeer C1E19) were
gt (10O o THOY iaation of com-

Coatpane o o the Yoebkd and Fotenny o Comgdement bising Avitigera Fonduced
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plement). In the cr 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 poui-
tive. When the same serums were tested
against antigen 3, 13 (88.7%) were test
positive and 2 (13.39) 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 suspeet test reactions.
Parasitemia was not detected in Giemsa-
stained smears examined twice weekly.

Serums from the 11 calves (4 healthy
calves, 5 with anaplasmosis as deter-
mined by the anaplasmosis ¢r test, and
2 infected with F. wenyoni) were test
negative in crF tests, using antigens 1, 2,
and 3. Similarly, the 4 deer (2 with ana-
plasmosis as determined by the anaplas-
mosis ¥ test, and Y oinfected with Ba-
besia) were test negative in tests using
antigens 1, 2, and 3.

The production time expressed in man
hours for each 1 L. of blood processed hy

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
parasitemin 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 cr 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 cr antigens from para-
sitized crythrocytes taken from the same
donor animal were compared for ease
of production and practical application.
The antigens were compared for po-
tency, specificity, and Ac activity.

Antigens 1, 2, and 3 were satisfactory
for demonstrating circulating crF anti-
bodies in deer with theileriasis. Antigen
1 was more sensitive than antigens 2 and
3 for detecting antibodies in chronic in-
fections or early cases. Antigen 1 thus
would be specifically useful for deter-
mining incidence and prevalence of thei-
lerial infections  in deer  populations.

TABLE 3- Results of Complement Fixation Teats, Using Antigens 1, 2, and 3, of Serums Obtained trom

Deer Having UDitfercnt Stages of Thederiasi

Aunligen §
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- ; TABLE 4—Comparison Between Parasitemia Percentage and Antigen Titer

v Packed
red
blood Test
N cell Cells units/ml.
Deer Parasiteinin® volume used Antigen Antigen ol packed
No. (%) (%) (ml.)yv* yieldt titer} erythrocytes
58 0.1 39 78 0.4 0 0
477 8.0 24 46 22.8 0.625 1.24
58 17.0 29 b7 28.5 5.0 10.00
58 53.0 23 45 22,8 80 18.24
498 73.0 20 49 15.2 30.0 46.77
68 80.0 13 125 41.8 42.6 56.85

* 07 of erythrocyles with organiems, as detenmined by microscopic examination of Geimsa-stained blood

smears,
gen suspension obtained.
presence of standard positive seruins,

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

The theilerial antigens fixed comple-
ment only in the presence of serums
from deer known to be infected with
Theileria. False positive test reactions
were noft observed when the antigens
were tested against normal bovine and
cervine serums and serums from deer
and cattle infected with other blood
parasites, ‘The specificity of the anti-
gens for organisms within the penus
Thederia remains to be determmed
Anticomplementary selivily wan not ob.
served in oany of the 4 anbigens The
absence of the ac activity which 1w often
seen with hemoprotozoan o antipons
was attnbutable, ot least o part, to
immedinte procecang of  crvthrooytes
after harvert

Feonomy  of production detoy
mined for cachonethod of antipon prep
arnhion boccd oo oo hours roqinaed
inr proce ing E L of Blaod and on the

Wit

mnder of ot et ohtamed oo
1 ) of hloodd (hy the by of Stu.
compareon, noothod b oo the e
economre ad ol et proedac oo In
addition o o thel could Be cady
mlnplnl ti !ill,'l cale lshuf!liht.ll \Maoth

ode 1 and T wete inach dean connnm

ieal and  productne than  gethd ]

11

#2 Total volume of washed packed erylhrocytes used.
1 Reciprocal of highest dilution that completely fixed 2 units of complement in

1 Number of milliliters of 59 (w/v) anti-

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-
don if a continuous flow system of cen-
trifugation were available. Method 1V
was cconomical to do, but yielded an
antigen of substandard potency. In ad-
dition, this antigen contained excessive
color which interfered with interpreta-
tion of cr test reactions,

The relationship of percentage of the
parasitized erythrocytes to strength of
the antigca had been demonstratad by
Franklin ot ol in large-scale produc-
tion  of anaplasmosis  antigen. Data
(‘Tauble ) indicate that the idea of
hinving, masimmm pinasitism for antigen
productiom v applicable for theilerinl
antigens ftome both the coononeal and

the productnty poimte of view.  An-
othce conddlu swon that can be made iy
that  the oo copncally vigble orga-
nemee are the prnnay coutce of the

andipen
The fadure i the prevnt oxpeniment

to demon trate caluble antense from
corum that are veactive an the or and
el precipitation e U do el proyve
that s h antprens do net ovo vt "Their

ible af other
prroduction

deon tiobion nay bee

methad . o antipen nte

v, rach the v thod foa propanimyg
solohde Vs lea v es o atipen an
decenbad by A ool o ]'x.r"lhl\
solubde anbipens were not ditected e
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