FOLIA PARASITOLOGICA (PRAHA) 29: 219—225, 1982,

INDIRECT HAEMAGGLUTINATION REACTION WITH
SARCOCYSTIS DISPERSA ANTIGEN

L.CERVAand Z. CERNA

Institute of Parasitology, Czechoslovak Academy of Sciences, Prague, and Department of Parasitology
and Hydrobiology, Faculty of Sciences, Charles University, Prague

Abstract. A description is given of the preparation of antigen from Sarcocystis dispersa cystozoites
and the procedure of the indirect haemagglutination test (IHA). The antibodies against this antigen
were detected in experimentally infected mice from day 20 p.i. (1 : 640). In the following weeks
the antibody titres reached the value of 1 : 40,960. The sera of pigs, sheep and horses spontaneously
infected with other Sarcocystis species reacted with this antigen in low titres only. The bovine sera
gave negative reactions even in cases when Sarcocystis cysts were present in the museles of the examined
animals. A possible application of IHA for the research and diagnostic purposes is discussed.

The reaction of indirect haemagglutination is still one of the most frequently used
serological methods. Its advantages are —in addition to a high sensitivity, ranging
this method immediately behind the immunoenzymatic methods — particularly low
material requirements, technical simplicity and possibility to reach a high rate of
standardization. The IHA reaction has been successfully applied for the diagnosis of
many parasitic infections.

In the last ten years, the most commonly used method in the serology of sarcospori-
diosis has been the indirect immunofluorescence antibody test (IFAT) (Bordjochki
et al. 1972, Tadroset al. 1974, Aryeetey and Piekarski 1976, Piekarski et al. 1978,
Cernd and KolaFov4 1978, Cerna et al. 1979, Cerna 1980). Lunde and Fayer (1977),
Frelier et al. (1977) and Lieguia and Herbert (1979) succeeded in using THA for the
diagnosis of sarcosporidiosis in cattle and sheep using S.cruzi (bovicanis) antigen
prepared from heart muscle of experimentally infected calves. The application of THA
for the detection of antibodies against asexual stages of S. dispersa in mice was described
in our preliminary report (Cerva and Cernd 1980). One of the prerequisites for a success-
ful application of this method is the possibility to prepare a sufficient amount of
absolutely pure antigen, as it is just in case of S. dispersa. In experimentally infected
laboratory mice masses of parasitic cysts regularly develop in muscle tissues. The cysts
can be easily separated from the host tissues.

The surface antigen of Sarcocystis cystozoites detected by means of IFAT proved
to be genus specific (Tadros et al. 1974, Cern4 and Koldfov4 1978). It was of interest
to assess whether the same is true for the soluble antigen in THA reaction. We have
therefore tested the IHA method both for the detection of homologous Sarcocystis
antibodies and for its application in a heterologous system.

The present paper summarizes the results obtained with the IHA method using
8. dispersa antigen. Since the method was modified for this purpose, all stages of the
procedure are described in details.
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MATERIAL AND METHODS

Preparation of parasite suspension. SPF mice strain ICR (Velaz) were infected perorally with the dose
of 1 X 105 sporocysts of S. dispersa. Three months after infection the animals were bled, their musecles
were cut into small pieces and digested with trypsin using the method of Erber (1977). After tryp-
sinization, the material was strained through a triplc gauze, centrifuged, and the sediment was
washed three times in buffered saline (PBS) The final suspension contained 1.8 X 109 cystozoites/ml.
Preparation of antigen. The sediment of pure cystozoite suspension was transferred to sterile distilled
water and cryolized by five-fold freezing and thawing in a mixture of ice with salt. The cryolizate
was centrifuged for 15 min at 1,500 X g and the supernatant was used as antigen. It was either kept
in a freezing box at —20 °C or it was lyophilized. The activity of the antigen remained unchanged
at least for two ycars. The concentration of protein nitrogen assessed by Folin’s reaction was
19.08 mg/ml.

Preparation of formolized sheep erythrocytes. A volume of 50 ml of sheep blood was collected into
a transfusion bottle containing 60 ml of Alsever’s solution (20.5 g of glucose, 8.0 g of Na-citrate,
0.55 g of citric acid, 4.2 g of NaCl, distilled water ad 1,000 ml), well mixed and kept at the ice-box
temperature for 24 h to several days. The erythrocyte suspension was then washed six times by
centrifugation in a surplus of Claus-Jensen (CJ) buffer (KH,PO,4 1.45 g, Na,HPO, . 12 HoO 15.29 g,
NaCl 5.0 g, distilled water ad 1,000 ml) and suspended to the original volume of 110 ml (the erythro-
cyte concentration is approximately 20 9,).

Washed fresh erythrocytes were poured into a thick-walled bottle (500—1,000 ml) and about
100 ml of glass beads were added. Under constant thorough stirring, 110 ml of 8 9, formalin p.a.
diluted in CJ buffer were slowly poured in. The contents of the bottle was then vigorously shaken
for 30—60 min until the erythrocyte colour turned from light red to derk brown-red which indicated
that the fixation was finished. The fixed erythrocytes were left in the bottle with the glass beads
and kept in a refrigerator. When stored in this way they can keep their quality for at least one year.
The erythrocyte concentration in the fixed suspension was approximately 10 9%.

Washing of formolized erythrocytes before use. The fixed erythrocytes in the bottle were well
resuspended and the needed quantity was poured into centrifugation tubes. They were then washed
3 times by centrifugation in a surplus of salince and twice in CJ buffer. At 670 x g the erythroeytes
sedimented perfectly already after 3 min. The volume of the washed suspension was then adjusted
to the original one (= 109, concentration).

Preparation of hovine albumin solution for the dilution of erythrocytes. The lyophilized bovine serum-
albumin (TPY 30-98a-72, SEVAC Praha) was diluted to 19, concentration in CJ buffer. One volume
portion of this solution (e.g. 5 ml) was mixed with the sediment from two volume portions of formo-
lized erythrocytes (e.g. from 10 ml). The suspension was carefully mixed and incubated at 37 °C
for 1 hour. Every 15 min the tubes were shaken. After 60 min the crythrocytes were removed by
centrifugation and the supernatant of the adsorbed albumin was used for the dilution of the sensibi-
lized erythrocytes.

The adsorption of bovine albumin with the erythrocytes is not inevitable for the THA reaction,

but we have experimentally verified that the general picture of the rcaction was thus improved and
the determination of the reaction endpoint was casicr. ’
Adsorption and dilution of sera. The examined and control sera (both negative and positive) were
inactivated for 30 min at 56 °C, 0.3 ml volumes were mixed with 0.3 ml of the suspension of washed
formolized erythrocytes. The mixtures were incubated at 37 °C and repeatedly stirred. After 60 min
incubation the tubes were centrifuged and 0.5 ml of the supernatants were transferred to 4.5 ml
of CJ buffer to obtain the basic serum dilutions of 1 : 20.

In a majority of sera examined the adsorption with erythrocytes was unnccessary. However, it

was routinely used as it did not decrease the specific titres of sera and prevented the possible unspecific
agglutination of erythrocytes.
Sensibilization of erythrocytes. A volume of 0.5 ml of washed, formolized erythrocytes was centrifuged,
the supernatant was removed and 1 ml of antigen diluted according to the results of the previous
titration was added. The dilution of antigen was performed in the Michaelis’ isotonic buffer of pH 5.32.
The suspension was well mixed, incubated for 60 min at 56 °C and slightly stirred every 15 min.
After the sensitization, the erythrocytes were centrifuged, washed once in CJ buffer and resuspended
in 3 ml of CJ buffer with 1 9, adsorbed bovine serum albumin. The resulting concentration of the
sensibilized erythrocytes was approximately 1.5 9.

Preparation of Michaelis’ isotonic buffer

Solution I:  9.714 g CH,COONa . 3 H,0 Solution 1I: 8.5 g NaCl
14.714 g Na veronal 100 ml distilled H,O
H,O0 distilled ad 600 ml Solution 1II: 0.1 N HCI
Solution IV: distilled H,O

220

The basic solutions I—IV were mixed at the ratio 5: 2 : 8 : 10.

The prepared solution was poured into 5- to 10-ml ampoules, sterilized in the autoclave and stored
at room temperature for an unlimited time period.
Preparation of control non-sensibilized erythrocytes. The procedure was similar to that of sensibiliza-
tion of erythrocytes. Instead of antigen only pure Michaelis’ buffer was used for the incubation.
The techniques of the IHA test. The equipment used was that produced by Dynatech for serological
micromethods, i.e. plastic panels 8 X 12 cm with 96 wells with round bottom (U-Form), measuring
0.6 mm in diameter (Microtiter system). Using a special dropper, 0.025 ml of CJ buffer were dispensed
to each of the 96 wells. A volume of 0.025 ml of adsorbed serum was transferred with a dilutor from
the tube with basic dilution to the first well. The contents was well mixed by at least ten rotations
of the dilutor and tho dilution in further wells continued in the same manner. Then 0.025 ml of the
erythroeyte suspension sensibilized with the antigen were added to each well. Each serum was tested
in parallel also with unsensibilized erythrocytes. The well contents in filled panels were then thoroughly
mixed by vibration. The reaction was performed in wells filled with 0.05 ml of the mixture of antigen
and examined serum in the final dilutions of 1: 80 to 1 : 163,840. The filled panels were covered
and left at room temperature for two hours. After this time or at any time later the reaction could
be read.

Evaluation of the reaction

++++ = the whole bottom of the well is evonly covered with & layer of erythrocytes, the margins
of the layer are turned up and form an irregular, torn ring

+++ = the whole bottom of the well is covered with an even layer of erythrocytes

++ = the layer of erythrocytes does not cover the whole bottom, there is no marked ring at the
periphery (this degree of reaction was evaluated as endpoint of positivity)

+ = at the bottom of the well is a ring of erythrocytes with a light centre, the diameter of which
is more than a half of the sediment (this degree of reaction was evaluated as negative)

0 = the erythrocytes sediment in form of a little disc at the well bottom. In an ideal form of the
reaction, the disc has no central clearing, in no case the light centre can be larger than a half of the
sediment diameter.

Experimental infection of laboratory animals. Mice of ICR strain from SPF breeding Velaz were
maintained on pellet diet DOS-IIb (Velaz, Lysé n. L.). A group of 31 males and females weighing
18—20 g was infected perorally with a dose of 1 X 10% sporocysts of S. dispersa in the suspension
prepared from the faeces of Tyto alba. At given time intervals, three of the infected animals were
sacrificed, their blood was used for our serological examinations and the course of infection in their
organs was studied microscopically. Five agnotobiotic adult rabbits giving negative results of IFAT
were chosen for the experiments with S. cuniculi. They were infected perorally with a dose of 100,000
sporocysts of S. cuniculi isolated from cat faeces. The blood was collected from ear vein starting from
day 20 after infection at the intervals of 10—20 days.

RESULTS

Application of IHA in a homologous antigen-antibody system

Soluble antigen prepared by the method described above was titrated with the serum
of mouse surviving experimental infection with S. dispersa. The results of antigen titra-
tion are given in Table 1.

The development of a specific antibody response was followed in a group of experimen-
tally infected mice killed at various intervals after infection. The results of examinations
are summarized in Table 2.

A converston of negative serological results to positive ones occurred between days
13 and 20, when relatively high titres were already determined. The titres in individual
animals are not strictly related with the length of infection, which indicates that the
Ppathological process develops individually even after a massive inoculum. The highest
titre Trecorded, however, came from a mouse which had survived for 125 days. In the sera
of mice inoculated for the preparation of antigens, the antibodies were detectable even
In the dilution of 1 : 40,960.
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Table 1. Results of titration of S. dispersa antigen

Reciprocals of serum dilutions *J
‘ —80”7‘ 160 ‘ 320 ‘ 640 ‘ 1280 l 2560 | 5120 ‘ 10 240 ’ 20 480
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‘ | !
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Optimum antigen dilution was 1 : 50 (concentration of protein nitrogen 0.38 mg/ml)

Table 2. Results of IHA reaction in mice sacrificed at various intervals after infection

Day after infection ‘ Reeiprocals of serum dilutions
3 ! 0 0 ' g
6. | 0 0 0
9. ‘ 0 0 [ g
3. 0 0 ‘
;3 640 X 640 l 62
28. 1280 - 1280 y o
38. " 640 ; ggg | 0
160 bl i )
5 80 320 | B0
5. 2 560 2 560
125. ‘ ; i |

Application of IHA in a heterologous system

In experimental rabbits, the first antibodies in the reaction of THA wi_th‘ S. ;lzicpe;%a
antigen were detected as late as on day 114 p.i. in the lowest reoorded titre of 1 : d
Till day 282, when the last blood collection was made, the antibody level increase
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to 1:320. At the same time interval after infection, the titres of homologous antibodies
in mice reached the value of tens of thousands.

In a group of 20 randomly chosen fattened pigs, five animals (25 9,) gave positive
reactions in the titres of 1:80—1 : 640. Microscopical examinations of the muscles
could not be carried out.

The haemagglutination test of sera, of 40 heads of cattle originating from two localities
in Bohemia gave negative results, though in IFAT with 8. dispersa antigen, 64 %, of the

and Merhautov4 (1981) found sarcosporidia in oesophagi of 84 % of examined animals
during microscopical examinations of cattle at Prague abattoir.

The sera of 20 sheep infected with S. tenella and another microscopical type of muscle
cysts reacted in THA with S. tenella antigen in the titres of 1 : 160 to 1 : 1,280. Positive
reactions with S. dispersa antigen ranged at the values by 3 to 5 dilutions lower.

In two samples of horse sera supplied by SEVAC Prague for laboratory use, sur-
prisingly high titres (1 : 1,280 and 1 : 2,560) with S. dispersa antigen were obtained
in THA.

The control set of sera contained also 20 human sera obtained from the biochemical
laboratory. All of these samples were negative.

DISCUSSION

The described modification of THA stems from the procedures applied earlier for the
detection of other protozoan antigens (Cerva 1977). Due to the fact that antibodies
against Sarcosporidia occur in horse sera, the pure bovine serumalbumin was used as
protein vehicle for the suspension of erythrocytes. In contrast to the method used by
Lunde and Fayer (1977), in our modifications the erythrocytes are not treated with
tannic acid. In this way we avoid a step which can be hardly standardized (quality
of tannin) and the possibility of false positive reactions is lesser; however, the antigen
concentration must be somewhat higher during the sensibilization of erythrocytes.
The final titres in positive reactions in a homologous system are at a corresponding
level in both modifications of the reaction.

The experimental application of the method of indirect haemagglutination with
8. dispersa antigen in tests with sera of animals infected with a homologous parasite

any antibody response at the beginning of infection. This may be due to the fact that
the antibody formation is stimulated only at the time when the parasites pass from the
cells of the reticuloendothelial system and liver tissue to the muscle tissue. Tt is also
Ppossible that the antigen prepared from muscle cystozoites is not adequate for the detec-
tion of antibodies against the merozoites produced at the carly stage of mouse infection.
In our opinion, this question is very important from both theoretical and practical
reasons.

The examinations of sera from other animal species than mice suggest a certain
relation of antigens of S. dispersa cystozoites occurring in THA with that of S. cuniculs
and some of the species infecting sheep, pigs and horses in our conditions. The levels
of antibody titres indicate that this heterologous system detects only the highest levels
of hOmo]ogous antibodies. On the other hand, the negative results obtained with bovine
sera show that there is a great difference between the soluble antigen of S. dispersa
and the antigen of species infecting cattle.
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Consequently, we assume that for the time being the THA reaction with S. dispersa
antigen can be used mainly for the detection of homologous antibodies in mice with
muscle cysts. Only after a detailed study of the antigenic relations with other Sarcocystis
gpecies it might be used also for the detection of antibodies against the species with which
the preparation of a sufficient quantity of pure antigen is still problematic.

The IHA method is sensitive, can be easily standardized and is technically simple
in both macro- and micromodifications. Therefore it is an important tool for the detec-
tion of immunological response in pathogenetical studies, as well as for the diagnostical
detection of specific antibodies.
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HENPAMAA TEMATTJIIOTHMHAUWA HPU IIOMOIMKM AHTUTI'EHA
SARCOCYSTIS DISPERSA

JI. Uepsa u . YepHa

Pesiome. [lamo oumcarue MOAIOTOBKH QHTHICHA M3 IMCTO3OMTOB .Sarcocystis dispersa M MeTOHa
HenpAMou remarrmotraAauun (PHI). AETuTesia npoTuB apTHreHa OGHADYIKEHBl B IKCOEPHMEH-
TaJbHO 3aPAXKEHHBIX MuIAX ¢ 20-ro pEs nocue sapamenus (1:640). B teuenue crepytomnx
Heflelb TMTPHL agTHTe,T jocTHram ypoBHA 1 :40 960. CeiBOpoTKE CBUEHEH, OBell M JIOMIAAeH,
CIOMTAHHO 3aPaKEHHBIX NPYIBMU BMIAMH CaPKOMMCT, PEarupoBAIIM ¢ 3THM AHTUI'CHOM TOJILKO
B HA3KEX THTPax. BLlubC CHIBOPOTKM AaBajJu OTPHIOATC/ALHLIE PEaKIHHM JaXKe B TeX Ciyyasix,
KOI/Jla npd MHUKPOCKONMYCCKOM HCCJICOBaHUM ObUIM OOHAPYMKEHLI IMMCTLI B MBIIOOAX IKH-

BOTHBIX. OGcymyaeTca BO3MOMKHOCTL npumencans PHT jisn mccileoBaERA M IAaTHO3A.
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More than ten years have passed since the
4th edition of the classic textbook of veterinary
parasitology by Prof. Dr. A. Borchert and there-
fore a need of a new text book has become
urgent which would comprise data on the latest
achievements in this field. The outstanding
specialist and experienced tutor, Prof. Dr. Th.
Hiepe set about this task with his co-workers,
covering the whole subject matter in four volu-
mes. The first volume which has just appeared
in coauthorship with Dr. R. Buchwalder and
Dr. R. Ribbeck, is devoted to the problems of
general parasitology.

The treatise is composed of 8 chapters. Chap-
ter 1 deals with different forms of relationship
among organisms. Chapter 2 is concerned with
parasitic organisms, discussing the origin of
parasitism, its distribution in the animal king-
dom, different forms, adaptation and convergen-
co phenomena in parasites, their specificity and
life eycles. Chapter 3 provides an account of
different categories of hosts with regard to the
host specificity and to ontogeny and the mode of
transmission of parasites. Chapter 4 examines the
parasite-host relationships, dealing with different
problems of parasitic infections, harmful in-
fluence of the parasite and defensive systems of
the host, including resistance and immunity.
The subsequent chapter is devoted to ecological
aspects of parasitic infections, discussing the
problems relevant to biocenoses, parasite popu-
lations and the problems of natural focality of
diseases. Chapter 6 is concerned with epidemio-
logy and epizootology of parasitoses. The next
chapter gives descriptions of different methods
used in intravital and postmortem diagnoses
and techniques of demonstrating parasites in
outer environment. Chapter 8 is the most ex-

tensive, covering the problems of parasite con-
trol and of control measures in combatting
parasitoses. It gives a detailed account of diffe-
rent substances used against parasitic protozoans,
helminths and arthropods and of the ways of
their application, reviews the control measures
taken against molluscs, the intermediate hosts
of helminths, and discusses the problem of
residues of antiparasitic drugs. A total of 73
formulas of chemical compounds used accom-
pany the text in this chapter, to some of them
a list of various radicals appearing in combina-
tions in the structure of the basic formula, is
appended. Each chapter is provided with refe-
rences. At the end of the book there is a subject
index.

As a whole the publication is to be favourably
received. It is woll organized, each chapter
containing the necessary scope of information.
Though the concepts are briefly explained, they
are lucid enough and the definitions of terms
are clear-cut. Particularly noted should be the
well-arranged text accompanied by not too
numerous, but well chosen figures and tables.
This first volume of the textbook is intended
for a wide circle of readers, for veterinarians,
physicians, biologists as well as specialists
in agriculture. In these fields it very well serves
its purpose. Three subsequent volumes will deal
with parasitoses caused by protozoans, helminths
and arthropods and are designed primarily to
meet the needs of undergraduates in veterinary
medicine. The first volume has already proved
that the whole set will constitute an original
and useful work, whose appearance is to be
greeted with satisfaction.

Dr. V. Cerny, C.Se.
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