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Les tests séroloeiaues uour la cowdriose sont aerturbés Dar des réac- 
tions croisées dÜei à des anticorps présents chez des animaux soup- 
çonnés d’être infectés par Ehrlichia spp. On a contrôlé des infections 
expérimentales par Ehrlichiu bovis, E. ovina, E. canis et E. phugocyto- 
p&z, par I’ELÎSA de compétition, le western blotting eti?~mÜno- 
fluorescence, utilisant des antigènes de cultures de cellules endothé- 
liales infectées de Cowdriu. Les réactions croisées par des anticorps 
contre Ehrlichia sont attribuables à leur reconnaissance d’épitopes 
sur la protéine immunodominante de Cowdriu, Cr32. Ceci est surtout 
vrai pour E. cunis et E. ovinu, beaucoup moins pour E. bovis, mais pas 
du tout pour E. phugocytophilu. De plus, une réaction croisée forte fut 
démontrée entre Cowdriu et des anticorps contre E. chuffeensis. Ces 
résultats concordent avec les relations phylogénétiques trouvées 
récemment entre Cowdriu et d’autres membres de la tribu des 
Ehrlichieae par VAN VLIET et ul. en 1992, qui montrent que 
Cowdria est étroitement apparentée à E. cunis et également à E. chuf- 
feensis. Bien que les tests utilisés au cours de cette étude restent des 
outils de valeur dans les conditions du laboratoire, leur spécificité 
doit être améliorée. Il est proposé d’étudier des antigènes recombi- 
nants de Cowdriu pour le développement de tests sérologiques de 
deuxième génération pour la maladie. 

Mots clés : Protéine Cowdria ruminantium Ehrlichin - Technique 
immunologique - Test ELISA - Western blotting - Immunofluorescence - 
Culture de cellule Anticorps - Antigène. 

INTRODUCTION 

Cowdriosis or heartwater, caused by the tick-borne ric- 
kettsia Cowdria ruminantium, occurs in domestic and wild 
ruminants and is considered one of the most important 
tickborne diseases in sub-Saharan Africa (17). The pre- 
sente of the tick A.variegatum, one of the main vectors of 
cowdriosis, on most of the islands in the Caribbean region 
and the existence of the disease on at least three of these 
islands, constitutes a major threat for livestock on the 
American mainland (1). 

Serodiagnosis of Cowdria is a possible means to assess 
the prevalence and present distribution of heartwater in 
Africa and the Caribbean in domestic and wildlife hosts 
(10,11,16). 
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Incubation was carried out at 37°C on a slowly rocking 
platform. Samples of BUE cells were scraped from the 
bottom of the culture flask, smeared onto a glass slide, 
and examined for Cowdria inclusions after staining with 
Diff-Quik (Merz & Dada AG, Dudingen, Switzerland). 
Cultures with virtually all BUE cells infected with reticulate 
bodies of Cowdria and containing large numbers of extra- 
cellular elementary bodies in the supernatant were used 
as antigen for serology. 
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SO far four types of antibody detection assays, based on 
endothelial cell culture antigens, have been developed ‘: 
an indirect fluorescent antibody (IFA) test, (13), an indi- 
rect ELISA (14) and two tests based on recognition of the 
immunodominant Cr32 Cowdria antigen, i.e. a competiti- 
ve enzyme-linked immunosorbent assay (cELISA) (7,9) 
and Western blots (16). A recent critical interlaboratory 
comparison has however indicated that cross-reactions 
occur in all tests currently available, probably due to 
Ehrlichia species (5). 

In this study we tested antisera, obtained from experi- 
mental animals infected with different species of fhrlichia 
(E. bovk, E. ovina, E. canis and E. phagocytophila), using 
immunofluorescence, competitive ELISA and Western 
blots to determine whether epitopes on the immunodomi- 
nant Cr32 Cowdria antigen are also recognized by antibo- 
dies to Ehrlichia. 

MATERIAL AND METHODS 

Cultivation 
Cowdria antigens for cELISA, immunofluorescence and 
Western blotting were prepared from rickettsiae cultivated 
in Bovine Umbilical Endothelial cells (BUE) as described 
previously (9). Briefly, monolayers of BUE cells were 
grown in HEPES buffered RPMI 1640 medium supple- 
mented with antibiotics and 10 % mnewborn calf serum. 
Infection of BUE cell cultures with Cowdria was initiated 
by inoculation of BUE culture sqernatant, which had 
been stored at -80 “C in sucrose-phosphate-glutamate 
(SPG) buffer (2). Infected cultures were maintained in 
Glasgow Minimal Essential Medium (GMEM), supplemen- 
ted with penicillin (100 IU/ml), streptomycin (100 pg/ml), 
amphotericin B (1.25 pg/ml) HEPES buffer (20 mM; pH 
7.0 to 7.2), L-glutamine (2 mM), 10 % newborn calf serum 
and tryptose phosphate broth (2.9 g/l). 
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Competitive ELISA 

Infected BUE cultures were centrifuged at 4 “C for 15 min 
at 15,000 g. Pellets were resuspended in PBS and soni- 
cated on ice for four periods of 15 sec with 1 min intervals 
(Vibracell, Sonics materials Inc., USA). The protein 
concentration was determined according to Bradford and 
sonicates were stored at -20 “C. 

The cELISA was performed as described previously (9), 
with some modifications. Polystyrene 96-well flat-botto- 
med plates (Nunc) were coated overnight at 37 “C with 
6 pg/ml sonicated Cowdria antigen in 0.05 M carbonate- 
bicarbonate buffer (pH 9.6). Plates were washed three 
times with tap water. Test serum (1:50 dilution) was 
applied, simultaneously with Mab 4FlOB4 (9) (1:400), 
both diluted in phosphate-buffered saline (PBS) (pH 7.2), 
containing 3 % skimmed milk and 0.05 % Tween 20 and 
incubated at 37 “C for 1 h. After washing, peroxidase 
labeled rabbit anti-mouse immunoglobulin (Dakopatts, 
Denmark), at a 1:750 dilution, was added and incubated 
at 37 “C for 1 h. After washing, 100 ~1 of 0.1 M citrate buf- 
fer (pH 5.5), containing ABTS and hydrogen peroxide 
were added to each well. The optical density (OD) was 
read at 405 nm on an ELISA plate reader after 30 min 
incubation at room temperature in the dark. 

Cowdria positive control sera and negative control sera 
were included on each plate in duplicate. Percentage inhi- 
bition was calculated based on the extinction obtained 
after incubation with monoclonal antibody without test 
serum. 

Western blots 

Endothelial cell culture sonicates, similar to the sonicates 
used for cELISA, were subjected to sodium dodecyl sulfa- 
te (SDS) gel electrophoresis on a 12.5 % polyacrylamide 
gel. Western blotting was modified after an earlier des- 
cription (9). Electrophoretic transfer was carried out at 
100 V for 1 h or at 20 V overnight. Blots were quenched 
for 1 h in PBSI5 % skimmed milk and incubated for 3 h 
with test serum, positive or negative control serum or 
monoclonal antibody 4FlOB4, diluted 1 :lOO in PBS 
containing 0.02 % Tween 20 and 5 % skimmed milk. 

Bound antibodies in test sera were visualized by incuba- 
tion with either rabbit anti-bovine (1:2000), rabbit anti- 
ovine (1:2500), rabbit anti-goat (1:5000), rabbit anti-dog 
(1:5000) or rabbit anti-mouse (1:500) immunoglobulins 
conjugated with alkaline phosphatase (Sigma) diluted in 
PBS containing 5 % skimmed milk. After washing, binding 
of conjugate was visualized by the addition of 100 mM 
Tris-HC1 buffer (pH 9.5), supplemented with 100 mM 
NaCI, 5 mM MgC12, nitroblue tetrazolium (NBT) and 5- 
bromo-4-dichloro-3-indocyl phosphate (BCIP). The reac- 
tion was stopped by extensive washing with a 20 mM 
TrisHCI buffer of pH 8.0 containing 5 mM EDTA. 
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Immunofluorescence 
BUE cultures infected with Cowdria were centrifuged at 
4 “C for 15 min at 15,000 g. Pellets were resuspended in 
PBS, spotted onto microscope slides, dried and fixed in 
acetone. The slides were incubated with two-fold titrations 
of antisera in PBS starting from 1:80 up to 1:20,480. 
Fluorescein isothiocyanate-labeled antibodies, ie. rabbit 
anti-bovine, rabbit anti-sheep, rabbit anti-goat, or rabbit 
anti-dog immunoglobulins were used as second antibo- 
dies. Fluorescence was observed with an Olympus BH2- 
RFL microscope. 

Experimental infections 
Clinical manifestations of the experimental infections with 
Ehrlichia spp. in calves (Friesian), sheep (Tesselaar), 
goats (Saanen) and dogs (Beagle) are shown in table 1. 

TABLE I Clinical manifestations of experimental Ehrlichia 
infections. 

Incubation Peak temp 
period (” Cl 

;: 
41.0 
41.1 

t 

-17 40.0 
40.4 

11 41.2 

5 40.5 
41.3 

4 41.0 

Rickettsaemia’ 

(+) 
w 
(4 
vs 
[:j 
tt 
tt 

* rickettsaemia : (+) : scanty Ehrlichia inclusion bodies in monocytes ; ++ : 
large number of Ehrlichia inc/usion bodies in granulocyfes ; nps : no parasite 
seen. 
’ EngemycinB 

Ehrlichia bovis 

The strain of E. bovis, originating from Kenya (15), cau- 
sed moderate but prolonged fever in Friesian calves. In 
this study clinical reactions were monitored in two experi- 
mental calves (nos. 70 and 456). (Calf 456 was infected 
with Cowdria before infection with E. bovis). 

Ehrlichia canis 

A pathogenic isolate of f. canis was obtained from a clini- 
cal case submitted to Dr. R.J. Slappendel of the Small 
Animal Veterinary Clinic at the University of Utrecht, The 
Netherlands. Two experimental dogs were infected and 
monitored (nos. 8765 and 8302). 
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Ehrlichia ovina 

E. ovina was monitored in two sheep (nos. 8440 and 
8513). The isolate of E. ovina originated from Turkey and 
caused prolonged fever periods in Dutch splenectomized 
sheep, which eventually recovered spontaneously (G. 
UILENBERG, unpublished data). 

Ehrlichia phagocitophila 

E. phagocytophila, causal agent of tick-borne fever of 
ruminants, was isolated from cattle on the North Sea 
Island of Ameland, The Netherlands. The infection was 
studied in two goats (Nos. 8727 and 8769 ) 

Cowdria ruminantium 

Two stocks of Cowcfria were used : the Senegal isolate 
(6) and an isolate from Zambia (Lutale) (6). Antisera to 
the Senegal isolate were raised in two experimental 
sheep (nos. 50 and 8849) and in two goats (nos. 8737 
and 8907) after intravenous inoculation of 2 ml aliquots of 
thawed blood stabilate. Antiserum to the Lutale isolate 
was raised in calf no. 57 after inoculation of 20 ml infec- 
ted bovine blood. Calf 456 was infected with Cowdria 
(Lutale isolate) through feeding of infected Amblyomma 
variegatum ticks and six months later the animal was 
infected with E. bovis. Goat no. 8769 was infected with 
.the Senegal isolate of Cowdria after being initially infected 
with E. phagocytophila. 

Clinical reactions were treated with Terramycin LA 
(Pfizer). Antisera were collected 4 to 6 weeks post infec- 
tion (p.i.) and stored at -20°C until fut-ther use as positive 
control sera. 

All Ehrlichia and Cowdria isolates were stored in liquid 
nitrogen as infected blood stabilates, cryopreserved with 
10 % dimethylsulphoxide, before being used in this study. 
Aliquots of 2 ml of deepfrozen blood were rapidly thawed 
and inoculated intravenously. The animals were monito- 
red by daily recording of their rectal temperature and by 
clinical inspection. Sera were collected from all experi- 
mental animals once a week. Preinfection sera were used 
as negative controls. 

RESULTS 

Clinical manifestations of the different experimental 
Ehrkhia infections are given in table 1. Only infections 
with E. canis required antibiotic treatment. Scanty ehrli- 
chia1 inclusion bodies in monocytes were seen in dog 
8765 and calf 456. Monocytes infected with morulae of 
E.ovina were detected on several occasions during the 
febrile reaction in sheep. Infections with E. phagocytophi- 
la in goats were characterized by large numbers of ehrli- 
chia1 inclusion bodies in granulocytes during fever. 

Figure 1 shows an SDS-PAGE of a Cowdria -infected 
BUE cell sonicate containing the Cr32 protein. This soni- 
cate was used as antigen for cELISA and immunoblotting. 
Antibodies to Ehrkhia canis competed strongly with anti- 
Cr32 monoclonal antibody for binding sites on the Cr32 
molecule in competitive ELISA. High antibody titres 
(5120) were also detected by immunofluorescence (fig. 2, 
table Il). Immunodominant recognition of epitopes on 
Cr32 by E.canis antibodies is shown by immunoblotting 

kDa 

- -- 94 
,. 

Cr 32) 

- 20.1 

a 14.4 

Figure 1 : SDS-PAGE of’ Cowdria (Serwgcd) &fected BUE ce11 culture 
sonicnte. The Cr32 nntigerz is indicated. 

EHRLICHIA’ CANIS 
dog nos. 8765 and 8302 

- 8765-O- 8302 FA+ f 

100 

90- 

SO- 

0123456769 10 11 12 

weeks 

Fiigrwe 2 : Reactivity qf serrr from hi’0 dogs (I~X 8302 rmd 8765), irzfected 
tc+lr Ehrlichia anis. MYI/I epitopes on the Cr32 Cowdria nntigen using com- 
petitive ELISA (art-ofl50% inhibitiorl). Positi\,e rerrctions determined by 
if~rt~frrrlo~irorescerlce rire indicnted by 011 asterisk (*). Both nnimnls were 
irlfected drrrinp the,firut week. 
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TABLE ZZ Cross-reactions between Ehrlichia and Cowdria 
determined by ZFAT 

Antigen 

antiserum 
Cowdria ruminantium 
Ehrlichia canis 
Ehrlichia bovis 
Ehrlichia ovina 
Ehrlichia phagocytophila 
Ehrlichia chaffeensis * 

Co wdria 
ruminantium 

10240 
5120 

320 
640 

80 
1280 

Ehrlichia canis 

nd : not determined. 
* antiserum from a patient with human ehrlichiosis obtained from the Centers 
for Disease Control, Atlanta, Georgia, USA. 

(fig. 3, 4). Several other proteins of approximate molecu- 
lar mass of 27 kDa (fig. 3, 4), 40 kDa (fig. 3) and 50 kDa 
(fig. 4) were also recognized. 

An antibody profile similar to the one shown in fig. 2 was 
found in cELISA when antibodies against E. ovina were 
used (fig. 5). However, titres detected by immunofluores- 
cence were much lower (640) with E. ovina antibodies 
than with antibodies to E. canis (table Il). Also, in 
Western blots no other epitopes were recognized than 
those on the Cr32 protein (fig. 6, 7). 

1 2 3 4 5 6 7 8 91011 12 

Figure 3 : Western blet analysis of sera from dog no. 8765 iqfected with 
Ehrlichia canis on Cowdria antigen. 

Lnne 1, pre-infection serum; lunes 2-9, sera collected respectively during 
week 2 and 4-10 post infection ; lane 10, non-iqfected control serum from 
dog no.138 ; lune 11, non-infected control serum jiiom dog no. 143 ; lune 
12, monoclonnl antibody 4FlOB4 directed agninst Cr32. Moleculnr mass 
markers are indicnted on the right. 

1 2 3 4 5 6 7 6 9 1011 12 13 
Figure 4 : Western blot analysis with sera from dog no. 8302 infected with 
Ehrlichia canis on Cowdria antigen. 

Lune 1, pue-infection serum; lanes 2-9, sera, collected respectively during 
week 2-IOpost infection ; lane Il, non-infected control serum from dog no. 
138; lune 12, non-infected control serumfrom dog no. 143 ; lnne 13, mono- 
clonal nntibody 4FlOB4 against Cr32. 

EHRLICHIA OVINA 
~ sheep nos. 8440 and 85 13 ~ 

-t 0440-•- 0513 IFA+ k 

80- 
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60 -.. 
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/ 
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Figure 5 : Reactivity of sera from two sheep (nos. 8440 and 8513) infected 
with Ehrlichia ovina with epitopes on the Cr32 Cowdria nntigen using com- 
petitive ELISA (tut-gff 50 % inhibition). Positive reaclions determined by 
immunofuorescence are indicated by an asterisk (*). Both animals were 
infected ut week 2. 

Calf 456 was infected with Cowdria (Lutale) before infec- 
tion with E.bovis. This explains the additional antibody 
peak in cELISA (fig. 8) and the reactivity with the Cr32 
protein before the animal was infected with E. bovis’(fig. 
9). Interestingly, antibodies to E.bovis also recognized 
epitopes on’an approximately 21 kDa Cowdria protein 
(fig. 9). Antibodies raised against E. bovis in calf no. 70 

14s 
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94 
67 

30 
ik Cr 

Figure 6 : Western blet analysis with sera from sheep no. 8440, irfected 
with Ehrlichia ovina, on Cowdria antigen. 

Lanes 1 and 2, pre-infection sera; lanes 3-10, sera collected during weeks 
1-8 post infection, respectively ; lane Il, positive control serum from sheep 
no. 8849 ; lane 12, negative control serum ; lane 13, monoclonal antibodj 
4FlOB4 to Cr32. 

1 2 3 4 5 6 7 6 9lOii 12 13 

Figure 7 : Western blet analysis with sera ,from sheep no. 8513 irzfected 
with Ehrlichia ovina on Cowdria antigen. 

Lanes 1 and 2, pre-infection sera ; lanes 3-10, sera collected during weeks 
I-8post infection ; lane II, positive control serurn,from sheep no. 50 ; lane 
12, positive control serum from sheep no. 8849; lane 13, monocloua anti- 
body 4FIOB4 against Cr32. 

did not recognize the Cr32 protein and antibodies of a 
maximum titre of only 320 were detected by immunofluo- 
rescence (fig. 10, table II). 

Antibodies against E. phagocytophila were not detected 
in cELISA and Western blets (fig. 11, 12). Goat 8769 was 

at week 4, see fig. Il, corresponding to lane 10 in fig. 12, 
are due to infection with Cowdria. Low levels of cross- 

challenged with Cowdria (Senegal) after the E. phagocy- 
fophila infection. Therefore, positive reactions in cELISA 

reacting antibodies (80 or less) were detected by immu- 
nofluorescence (table II). 

EHRLICHIA BOVIS 
calf nos. 70 and 456 

- 70 - l - 456 IFA+ * 

100 

90- 

60 - 

70 - 

a .s 60 
l ;ti 

p g 50 -............ ;x‘,...... 

.J 40 I 
I 

‘$3 
\ 

30 - I \ ’ 

20 - 
I ’ I/ 
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0 2 4 6 6 1012141618202224262630323436 

weeks 

Figure 8 : Reactivity of sera frorn hvo calves (nos. 70 and 456), infected 
with Ehrlichia bovis, with epitopes on the Cr32 Cowdria antigen using 
competitive ELISA (eut-off 50 % inhibition). Positive reactions determined 
by immunofluorescence are indicated by an asterisk (*). Ca!f 456 was 
irzfected with Cowdria (Lutale isolate) in week 3 and with E. bovis in week 
26. Calf70 was infected at week 26. 

- ,: 
4 !! i-67 

:/ 1 

/ 
1‘2 3 4 5 6 7 6 g-1011 12 13 

Figar-e 9 : Westerrl blet ana/Jsis \l?th sera f-mn Ca(f no. 456, infected with 
Ehrlichia bol-is OH Cowdria rmtigen. 

Lmes 1-3, sera collecter1 drrring weeks 23-23 pst-Cowdria infection, lanes 
4-10 (infectiorr bvitlr E. bob is) sem collected behveen bveeks 26 nnd 32 (fg. 
8) : larre II. positive control serum from calf ao. 57 ; lane 12, negative 
corltr-a/ from cn!f no 63 : Iarre 13. »~oru~clor~n~ nntibodJ 4FIOB4 against 
Cr32. Cnlf 456 um ir@xted \<?th Cowdria (Lutale isolate) nt week 3 and 
nYth E. bovis at ,I,rek 26. 
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1 kDa 

- 94 
/- 67 

‘-43 

I 
‘1-30 cCr32 

j - 20.1 

,_, .” -- ,,,», :,‘:.a’“:&,,; 
1 2 3 4 5 6 7 6 9 1011 12 “13 

Figure 10 : Western blet analysis with sera from cndf no. 70, infected with 
Ehrlichia bovis, on Cowdria antigen. 

Lune 1, pre-infection serum ; Inn& 2-10, sera collected during weeks 2 
to 10 post-infection ; lnne 11, positive control serum ,from Ca[f no. 57 ; 
lune 12, negntive control from calfno. 63 ; lune 13, monoclonal nntibody 
4FIOB4 agninst Cr32. Molecular mass markers are indicnted on the 
right. 

EHRLICHIA PHAGOCYTOPHILA 
goat nos. 8727 and 8769 

--A-- 0727 - l - 8769 IFA+ * 

.-- 
90 
80 l 
70 - 

s - :E 60 $ 
’ 60 I 

_.......................,....,.........,.................... 
I .- 

40 I ,g 
30 - * 1’ 

20 - 

10 - 
0 
-0 1 2 3 4 5 6 7 8 

weeks 

Figure II : Reactivity of sera from ~VO gants (nos. 8727 and 8769), infec- 
ted with Ehrlichia phagocytophila, with epitopes OA the Cr32 Cowdria anti- 
gen using competitive ELISA (eut-off 50 % inhibition). Positive renctions 
determined by immunojluorescence are indicated by an nsterisk (*). Goat 
no.8769 was infected with Cowdria (Senegal) after infection with phagocy- 
tophila. 

Finally, antibodies against the human pathogen E. chaf- 
feensis strongly cross-reacted with Cowdria antigens in 
the IFA test (table Il). 

i kDa 

1 

/ ‘i 
‘4 

“6‘. ,li,; 

5 6 7 ‘ii 

Cr 32 

Figure 12 : Western blet analysis with sera ,from goats (nos. 8727 and 
8769), infected with Ehrlichia phagocytophila, on Cowdria antigen. 

Lunes l-7, sera from gant no. 8727. Lane 1, pre-infection serum ; lunes 2-7, 
post-infection sera ; lunes 8-10, sera from goat no. 8769 ; lune 8, one week 
post-Ehrlichia infection ; lune 9, three weeks post-Ehrlichia infection ; lune 
10, four weeks post-Ehrlichia infection and two weeks post-Cowdria infec- 
tion ; lane Il, positive control serum from goat no. 8737 ; lune 12, positive 
control serum from gant no. 8907 ; lane 13, monoclonal antibody 4FlOB4 
ngainst Cr32. Moleculnr mass markers are indicated on the right. 

DISCUSSION 

Already the IFA tests based on infected neutrophils or 
macrophages were known to have limited specificity due 
to cross-reactions with Ehrlichia species (3, 4, 8, 12). 
Here we demonstrate that serological tests based on 
endothelial cell culture antigens are also hampered by 
cross-reactive epitopes shared between Cowdria and 
Ehrlichia. False positive serological results in competitive 
ELISA and Western blots due to cross-reacting antibodies 
against Ehrlichia cari be attributed to the recognition of 
epitopes on the immunodominant Cr32 molecule. This is 
especially true for E. caris and E. ovina, much less SO for 
E. bovis and not at all for E. phagocytophila. 

In addition, strong cross-reactivity between Cowdria anti- 
gens and antibodies to E. chaffeensis was demonstrated 
for the first time (table Il). Cross-reactivity between 
Cowdria and E. caris goes beyond the recognition of 
Cr32 epitopes only, since several other proteins prelimi- 
narily characterized as 27 kDa, 40 kDa and 50 kDa were 
shown on blots (fig. 3, 4). This was not the case for anti- 
E. ovina antibodies, which recognized Cr32 epitopes only 
(fig. 6, 7). 

Our findings are in agreement with the recently repot-ted 
phylogenetic relationships between Cowdria and other 
members of the tribe Ehrlichieae (18), wherein Cowdria, 
E. canis and E. chaffeensis proved to be closely related. 
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Antibodies to the more distantly related f. phagocytophila 
did not compete in the cELISA and only a low level of 
cross-reactive antibodies were detected by immunofluo- 
rescence. Although the phylogenetic position of E. ovina 
and E. bovis has not been studied, one could predict, 
based on the results obtained in this study, that both ric- 
kettsiae may have an intermediate position between the 
Cowdria/E. canislE. chaffeensis cluster and the E. phago- 
cytophila/E. equi cluster. 

In conclusion, it is clear that there is a serious specificity 
problem in all serological tests developed for cowdriosis 
SO far. However, the different serological tests remain 
valuable tools for laboratory controlled conditions and cari 
provide useful information when used in epidemiological 
surveys. 

Production of Cowdria antigens in endothelial cell cultures 
is relatively laborious and expensive. Moreover, the quali- 
ty varies between antigen batches and this requires chec- 
kerboard titrations for every antigen batch to determine 
the correct test conditions. Recombinant antigens cari be 
produced in large batches of high quality and at a low 
cost. It is therefore particularly relevant that we have 
recently cloned the gene encoding the Cr32 protein of C. 
ruminantium (19). Cloning of this gene makes it feasible 
to investigate whether recombinant Cowdria antigen cari 
be used for second generation serological tests for cow- 
driosis. Expression of parts of the Cr32 protein could be 
used to differentiate Cowdria and Ehrlichia-specific 
domains by screening with polyclonal species-specific 
antisera. This approach is currently under investigation. 
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Serological tests for cowdriosis are hampered by cross-reacting anti- 
bodies from animals suspected to be infected witb Ehrlichin species. 
We have monitored infections with Ehrlichiu bovis, E. ovina, E. canis 
and E. phagocytophila in experimental animals by competitive 
ELISA, Western blotting and immunofluorescence using Cowdria- 
infected endothelial ce11 culture antigens. Cross-reactions due to 
Ehrlichiu antibodies could be attributed to the recognition of epitopes 
on the immunodominant Cr32 Cowdriu protein. This was especially 
true for E. canis and E. ovinu, much less for E. bovis, but not at a11 for 
E. ghugocytophila. In addition, strong cross-reactivity between 
Cowdriu and antibodies to E. chaffeensis were demonstrated. These 
Rndings are in agreement with the phylogenetic relationships, recent- 
ly reported by VAN VLIET et ul. in 1992, between Cowdriu and other 
members of the tribe Ehrlichieae, which showed Cowdriu to be closely 
related to E. cunis and also to E. chuffeensis . Although the tests used 
in this study remain valuable tools under laboratory conditions, their 
specificity requires improvement. It is suggested to study recombi- 
nant Cowdriu antigens for the development of second generation sero- 
logical tests for cowdriosis . 

Key words : Protein - Cowdria ruminantium Ehrlichia - Immunological 
technique ELISA test - Western blotting Immunofluorescence test - 
Ce11 growth - Antibody Antigen. 
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Las reacciones cruzadas con anticuerpos provenientes de animales 
sospechosos de Ehrlichiu SP., perturban 10s tests serologicos para 
Cowdriu. Se detectaron infecciones con E. hovis, E. ovina, E.cunis y E. 
phugocytophilu en animales experimentales mediante el ELISA, el 
“western blotting” y la inmunofluorescencia, gracias a1 uso de antige- 
nos de cultivas celulares infectados con Copdriu. Las reacciones cru- 
zadas con 10s anticuerpos de Ehrlichiu podrian ser ocasionadas por el 
reconocimiento de epitopos en la inmunoproteina Cr32 de Cowdriu. 
Esto se verifico principalmente para E. cunis y E. ovinu, en menor 
medida para E. bovis, pero no para E. phugocytophilu. Se demostro 
tambien una fuerte reaccion cruzada entre Cowdriu y anticuerpos de 
E. chuffeensis. ,Estos hallazgos coinciden con 10s recientes reportes 
por VAN VLIET et ul. en 1992 sobre las relaciones Iilogenéticas entre 
Cowdriu y otros miembros de la familia Ehrlichieae , segiin 10s cuales 
existe una relation estrecha entre Cowdriu y 23. cunis y E. chuffeensis. 
A pesar de que 10s tests utilizados en este estudio representan un ins- 
trumento importante a nivel de laboratorio, es necesario mejorar la 
especificidad de 10s mismos. Se recomienda estudiar 10s antigenos 
recombinantes de Cowdriu, con el fin de desarrollar una segunda 
generacion de tests serologicos para la cowdriosis. 

Palabras claves : Protéina - Cowdria rumirzarztiunz Ehrlichia 1. Técnica 
inmunologica Test ELISA Western blotting Inmunofluorescencia - 
Cultiva de célula - Anticuerpo Antigeno. 
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