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Abstract — The serological cross reactions betwicoplasma conjunctivaghe etiological agent

of infectious keratoconjunctivitis (IKC), and the antigenetically and phylogenetically closely related
Mycoplasma ovipneumoniaehich is often found in sheep, were analysed. Cross reacting antigens
were identified using sera from sheep with IKC and from sheep of herds known to be free of IKC, as
well as rabbit hyperimmune serum specific to the Mycoplasmapecies. Cross reactions were pre-
dominantly due to the strongly antigenic proteins of 42 kDa and 83 kDa. Serospecific antidens of
conjunctivaecould be separated from cross-reacting antigens by the extraction of Tween 20-soluble
membrane proteins. The Tween 20-extracted proteins ® taenjunctivaestrain HRC/581 were

used for the development of an indirect ELISA test. This ELISA test was shown to be a useful sero-
logical method for the diagnosis M. conjunctivaenfections and to identify infected sheep herds.

Mycoplasma conjunctivae serodiagnosis / specific antigens / ELISA Mycoplasma
ovipneumoniae

Résumé — Détection d'anticorps spécifiques déycoplasma conjunctivadans les sérums de mou-

tons atteints de kérato-conjonctivite infectieusd.es réactions sérologiques croisées eiityeo-

plasma conjunctivad’agent étiologique de la kérato-conjonctivite infectieuse (KCYyatoplasma
ovipneumoniagqui lui est antigéniquement et phylogénétiquement le plus proche et qui est sou-
vent présent chez le mouton, ont été analysées. Des sérums provenant de moutons atteints de KCI et
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de moutons issus de troupeaux exempts de KCI, ainsi que des sérums hyperimmuns de lapin spéci-
fiques pour les deux espéces de mycoplasmes, ont permis l'identification des antigénes impliqués dans
les réactions croisées. Les réactions croisées sont principalement dues aux protéines fortement anti-
géniques de 42 kDa et 83 kDa. Les antigénes sérospécifigigedplasma conjunctivgeeuvent

étre séparés des antigénes provoquant une réaction croisée par une extraction des protéines mem-
branaires au Tween 20. Les protéinedigeoplasma conjunctivagRC/581 extraites par le déter-

gent Tween 20 ont été utilisées dans le développement d'un ELISA indirect. Cet ELISA s’est avéré
étre une méthode sérologique utile pour le diagnostique des infectionsMyes@asma conjunc-
tivaeainsi que pour identifier les troupeaux de moutons infectés.

Mycoplasma conjunctivae $érodiagnostic / antigenes spécifiques / ELISAMycoplasma
ovipneumoniae

1. INTRODUCTION method is available for the rapid detection of
specificM. conjunctivaeantibodies in sera.

Infectious keratoconjunctivitis (IKC),  An accurate method for serodetection,
commonly known as pink-eye, is a contahowever, is currently needed for advance-
gious disease of domestic ruminants as welhent in research with regard to the epi-
as wild caprinae species such as Alpingemiology of IKC in small ruminants. This
chamois Rupicapra rupicapra rupicapna  is particularly important in the context of
Alpine ibex Capra ibex ibex Himalayan M. owpneumonlawhlch IS very often_lso-
thar Hemitragus jemlahicys and Euro- lated from sheep with respiratory disease
pean muflon@vis orientalis musimgrj12].  [4] and which is phenotypically and antige-
IKC is widespread in domestic sheep andetically the most closely related myco-
goats [17], and in wild Caprinae where it isPlasma species #d. conjunctivags, 15].
reported in Europe and New Zealand. Thd he hypothesis was made that the sheep
term IKC is used to describe a clinical conPOD_l“atlQn was acting as a I_’eserVOIIM)f
dition which can apparently not always befonjunctivaenfections in Switzerland [8],
ascribed to the same infectious agent [11 ut this role is still unproved. In t_he present
Mycoplasma conjunctivakas often been Study we analysed the specificity of sero-
involved as the causative agent of IKC inogical reactions to a Tween 20-extracted

both domestic [16, 18] and wild ruminantsmfembrane ffaC“Of.‘ d. conjunctiva'epro-.
[7, 9, 13], but its prevalence is not wel[teins and showed its use as an antigen in an

known in most countries. This may be due t(FLISA test for the serodiagnosis of IKC.

the lack of techniques for the detection of
M. conjunctivaenfections. The classical
method for the diagnosis &. conjuncti-
vaeinfection is the culture and subsequen
identification of colonies of mycoplasmas
by immunological methods. However, this )
method is cumbersome and requires spe- 1he Study was performed on eight sheep
cialised technical experience. Recently, &€rds in Switzerland. Blood samples were
PCR method based on the 16 S rRNA gen&©llected from the jugular vein, blood was
for the detection and identification of the c€Nntrifuged and serum stored at —20 °C until
agent from clinical material was described a@nalysis.

well as a Western blot technique for the Samples of negative controls were col-
detection ofM. conjunctivaeantibodies in lected from sheep of two herds (A and B)
infected animals [5, 7]. In contrast, nowhich had had no IKC history more than

2. MATERIALS AND METHODS

5.1. Animals and samples
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three years. These herds had no contact with2. Mycoplasma strains and culture
sheep from other herds all year round, conditions

including during summer time, and single

males were introduced into the herd only Mycoplasma conjunctivaype strain
sporadically. Herd A amounted to approxi-HRC/581 andMycoplasma ovipneumoniae
mately 400 sheep (White Swiss MountairfyP€ strain Y98 were grown on standard
sheep) and was located in Grisons, a caftycoplasma PPLO broth medium (Difco

ton in the eastern Swiss Alps. Herd B Waéaboratories, Detroit, MI, USA) enriched

smaller (approximately 80 sheep WhiteWith 20% horse serum, 2.5% yeast extract
! 0,
Swiss Mountain sheep) and was located iﬁmd 1% glucose [2].

the Bernese plateau.

Samples from six herds (C-H) suspecte&'s' Antigen preparation
of being infected withM. conjunctivaedue

to app'arent Cl'n'9al symptoms'were COI'cells from the late exponential phase were
lected in three Swiss cantons (Grisons, Berfy, 4 ested by centrifugation at 12 08@
Uri). Clinical signs considered for IKC were 5, 20 min. washed three times in TES

conjunctival hyperemia, serous as well agyffer (10 mM Tris-HCI, 1 mM EDTA,
mucous lachrymation, eyelid swelling, 144 mM NaCl pH 7.5), and then concen-
corneal dulling, and corneal neovascularitrated by resuspension in TES buffer corre-
sation. The percentages of animals with clinsponding to 1% of the original culture vol-
ical symptoms in these herds are given imme and referred to as the whole cell
Table I. In these herds). conjunctivaavas — antigen.
detected by PCR in the eyes of sheep [7].  For the preparation of the membrane frac-
) . _ tion antigens, the method of Hjerten and
To detecM. conjunctivaenfections we  jonansson [10] was used, after a slight mod-
used a nested PCR test based on the 1&g ation. M. conjunctivaecells were har-
rRNA gene, performed on eye swabs fronyested by centrifugation and then resus-
behind the third eyelid [7]. Furthermore, apended in TES buffer at 1 mg (wet
Western blot technique was used to detedtellsYL 1. Subsequently, Tween 20 was
M. conjunctivaentibodies from serum [5]. added to a final concentration of 1% (V/V).

M. conjunctivaeandM. ovipneumoniae

Table I. Prevalence of. conjunctivaeseropositive sheep in herds with known IKC.

Herd Number of % animals Seropositive Negative
samples with IKC symptoms OB37% OD<37%

C 30 41 24 (80) 6 (20)

D 9 67 9 (100) 0

E 64 8 38 (59) 26 (41)

F 56 9 45 (80) 11 (20)

G 30 46 22 (73) 8 (27)

H 60 45 42 (70) 18 (30)

Total 249 27 180 (72) 69 (28)

aPercentage of the samples are given in brackets.
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The suspension was then incubated at 37 °Eor the detection of bound antibodies, the
for 90 min with gentle mixing and clearedfollowing conjugates were used: (i) mono-
by ultracentrifugation at 48 000g at 4 °C  clonal antibody (Mab) to goat/sheep-IgG
for 60 min. The supernatant was then fil-(Sigma Chemicals, Saint Louis, MO, USA,
tered through low protein binding mem-product # A-8062) diluted 1:2000, or
brane (0.2um). This procedure resulted in a(ii) polyclonal anti-rabbit IgG antibodies
fraction of dissolved mycoplasma mem-(Kirkegaard and Perry, Gaithersberg, MD,
brane proteins and was referred to as TweddSA, product # 075-1506) diluted 1:2000.
20 membrane protein fraction. Protein conAll the strips were washed three times with
centrations were measured by the methodES buffer. Colour reaction was initiated
of Bradford [3]. by 0.3 mdmL-! Nitroblue tetrazolium
(NBT) (Roche Diagnostics, Rotkreuz
Switzerland, product # 1585029) plus
2.4. Preparation of antisera 0.15 mg 5-Bromo-4chloro-3indolyl phos-
phate (BCIP) (Roche Diagnostics, product #
The preparation of rabbit hyperimmune1585:oo_2) in alkaline buffe_r and stopped
antisera against whole cell antigenhdf  With distilled water as described [1].
conjunctivag HRC/581") andM. ovipneu- For the adsorption of serslycoplasma
moniae(Y 98") was made by immunisation cultures (18 celldmL—1) were washed twice
of rabbits using the technique as describeth TES buffer and resuspended in TES to
previously [2]. obtain a suspension of 46ellshL. Sera
were adsorbed by incubation of serum with
1/10 volume of 19cellShL 1 suspension of
2.5. Western blotting the correspondiniylycoplasmaculture for
2 h at 50 °C followed by centrifugation at

Whole cell antigen or Tween 20 mem-10 000x g for 15 min to clear the serum.

brane fraction was prepared for separation

by SDS polyacrylamide gel electrophore-

sis (SDS-PAGE) by mixing the concentratec?-6- ELISA

cells or the Tween 20 extract, respectively, .

with one volume of SDS sample buffer . An indirect ELISA method for the detec-
(0.06 M Tris—HCL pH 6.8, 2% SDS, 10% tion of specificM. conjunctivaeantibodies
Glycerol, 2%p-mercaptoethanol, 0.025% N sheep sera was developed, based on the
Bromphenol blue) and boiling for 5 min. Tween 20-extracted membrane fraction of
The antigens were separated by SDS-P AGH- conjunctivaestrain HRC/58_I. Tween 20

on 5-15% gradient gels as described abovextracts were titrated according to stand_ard
and blotted onto nitro-cellulose membranénethods [14] and plates coated at an optimal
with a pore size of 0.am (BioRad, Her- Cconcentration of 1.2AgmL,

cules, CA, USA). The membrane was then For the analysis of the sheep sera, serum
blocked with milk buffer (100 mM Tris HCl was diluted 1/10, applied to the plates and
pH 7.5, 150 mM NacCl, 0.5% Tween 20, 1%analysed using anti-ruminant-IgG (Chekit,
skimmed dry milk) for 1 h at room temper-“Dr. Bommeli AG”, Stationsstrasse 12,
ature (r.t.), dried, and cut into strips. TheBern-Liebefeld, Switzerland), a monoclonal
strips were incubated for 1 h at r.t. with theantibody directed against ruminant IgG con-
sheep serum samples diluted 1:50 in milkugate to horseradish peroxidase. The opti-
buffer and washed three times with TES focal densities were measured with a pho-
5 min. The strips were then incubated fotometer at a wavelength of 405 nm. The
1 h at r.t. with alkaline phosphatase-labelledvalue of each sample was expressed as a
conjugate, which was diluted in milk buffer. percentage of a positive reference standard,
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by taking a negative reference serum as
zero value according to approved standa
isation methods [14, 19].

3. RESULTS

3.1. Serological specificity
of M. conjunctivaeantigens

In order to assess the serological spe
ficity of M. conjunctivaeantigens, we anal-
ysed on immunoblots whole cell antiger
of a culture oM. conjunctivagype strain
HRC/581" with rabbit immune serum
directed againg¥l. ovipneumoniaand also
with rabbit immune serum directed again
M. conjunctivagFig. 1, panel a). Stronc
serological cross reactions with akti-ovip-
neumoniagabbit antiserum were observe
on immunoblots containinlyl. conjuncti-
vaewhole cell antigens in particular with .
83 kDa antigen and to a lesser extent witl
42 kDa antigen (Fig. 1, panel a). Both the
antigens belong to the major antigens/of
conjunctivaeas shown in Figure 1, panel ¢
stripe ¢. When serum from sheep that we
suffering from IKC was analysed ol
immunoblots containing whole cell antiger
of M. conjunctivaghe same 83 kDa an
42 kDa antigens exhibited the predomins
reactions (Fig. 1, panel b). The Tween :
membrane protein fraction b. conjuncti-
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Figure 1. Specificity of M. conjunctivaeanti-
gens. Panel (a) Immunoblots containing whole
cell antigens oM. conjunctivadHRC/581 were
reacted with rabbit serum directed agai¥ist
conjunctivaglane c) and rabbit serum directed
againstM. ovipneumoniaélane o). Panel (b)
Immunoblot containing whole cell antigens
(lane W) and Tween 20 extract antigens (lane T)
from M. conjunctivaeHRC/581 reacted with
serum from a sheep with IKC. Std: prestained
molecular mass protein standard annotated in
kilodaltons (kDa).

also reacted on immunoblots with ovip-

vae however, was virtually devoid of the neumoniaentigens, indicating infection
83 kDa antigen (Fig. 1, panel b). In ordemwith the latter. Among the sera from nine
to assess further the specificity of thesheep of the IKC-positive herd D, all reacted
Tween 20 membrane protein fraction, westrongly with both whole cell and Tween
have analysed sera of eight sheep from th20-extracted antigens ®. conjunctivae
IKC-negative herd A and the sera of ninewhile only six of these sera reacted strongly
sheep from the IKC-positive herd D onwith M. ovipneumonigéndicating that these
immunoblot with eitheM. conjunctivae animals were infected with botfi. con-
whole cell antigen or Tween 20-extractedunctivaeandM. ovipneumonia€Fig. 2).
antigens, oM. ovipneumoniaavhole cell The remaining three sera (animal # 270, ani-
antigen (Fig. 2). The sera of the IKC-negamal # 271 and animal # 272) only showed a
tive herd A exhibited reactions with severalweak reaction witlM. ovipneumoniaanti-
proteins andM. conjunctivaewhole cell gens which could be due to cross reactions
antigens, but practically no reactions with(Fig. 2). This could indicate that these ani-
antigens of the Tween 20 membrane promals were only infected withl. conjunc-
tein fraction (Fig. 2, panel b). These serdivae. These observations were further
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Figure 2. Serological cross reaction between antigerid.afonjunctivaeandM. ovipneumoniaeSera

from sheep of an IKC-negative herd (animals 224-260) and sera of sheep from an IKC-positive
herd (animals 263—-272) were analysed on immunoblot strips containing either whole cell antigens of
M. conjunctivaeHRC/58T (panel (a)) or Tween 20-extracted membrane proteiivk ebnjuncti-
vae(panel (b)), or whole cell antigen . ovipneumonia® 98T (panel (c)). Std: pre-stained molec-

ular mass protein standard annotated in kDa. The ELISA values of the corresponding sera are given
below the immunoblot strips of panel (b).
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confirmed by adsorption experiments
shown in Figure 3. The serum from sheey
263, which was apparently seropositive f
both M. conjunctivaeand M. ovipneumo-
niae (Fig. 3 lane x, non-adsorbed), we
adsorbed either withl. conjunctivagFig. 3
lane c) orM. ovipneumoniaélane o) and
then reacted on immunoblots containir
whole cell antigens of eith&#f. conjunctivae
(Fig. 3, M. con) or M. ovipneumoniae
(Fig. 3, M. ovi). This serum lost reactivity
when adsorbed with the homologous antig
prior to blotting on botiM. conjunctivae
andM. ovipneumoniaégnmunoblots, but
retained its activity on both blots whe
adsorbed with heterologous antigen. Tt
gave further evidence that this animal hac
double infection witiM. conjunctivaeand
with M. ovipneumoniaeln contrast, the
serum from animal # 253 lost reactivity t
M. conjunctivaeblots after both homolo-
gous and heterologous adsorption (Fig.
animal # 253), and only retained reactivi
to M. ovipneumonia@antigens after het-
erologous adsorption witkl. conjunctivae
Animal # 253 is hence assumed to |
seropositive foM. ovipneumoniaenly.

3.2. Tween 20 membrane extract
ELISA

In order to get a rational and efficier
method for the serodiagnosis of a large nu
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Figure 3. Adsorption experiment of sera from
animals double infected witll. conjunctivae
andM. ovipneumoniaeSerum from sheep # 263
which was apparently infected by bdth con-
junctivaeandM. ovipneumoniageft part) and
serum from sheep # 253 which was from a herd
free of IKC but apparently infected . ovip-
neumoniaevere used. The immunoblots con-
tained either full antigens ™. conjunctivagM.

con) or full antigens oM. ovipneumoniae (M.
ovi). The immunoblot stripes were incubated
with sera that were non-adsorbed (lane x), or
adsorbed withM. ovipneumoniaéull antigen
(lane 0), or adsorbed witt. conjunctivadull
antigen (lane c¢). The molecular mass standard
for proteins (Std) is given in kDa.

ber of animals in the context of epidemio-protein. Nevertheless, they were positive
!oglcal studies and the monitoring qf IKC for M. ovipneumoniaeand produced ELISA

in sheep herds, we developed an indireGja|yes ranging from 2% to 37% relative to

ELISA using microtitre plates_coated With the standard serum (100%) with a mean
Tween 20 membrane protein extract of5ye of 24.4% which must be considered as

M. conjunctivae Titration experiments nqn_specific reactions of the ELISA. In con-
showed that an optimal protein concentratioRyast the nine sera from IKC-positive sheep

lcﬂcti%rzl%‘;g@g;ﬁg?&ﬁgg:’ggﬂrr: ][reosnﬁ’]'%that exhibited specific reaction in the
. mmunoblot analysis (Fig. 2) showed ELISA

sheep of an IKC-infected herd used as 100, es ranging from 55% to 405% relative to
value. the standard serum (100%) with a mean

The eight sera from IKC-negative sheepralue of 159%. These initial analyses
that were analysed in detail on immunoblotsevealed good specificity and sensitivity of
(Fig. 2) revealed no antibodies agailst the ELISA based on Tween 20-extracted
conjunctivaeTween 20-extract membrane membrane proteins.
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In order to validate the ELISA test, sera4. DISCUSSION
from 87 sheep of IKC-negative herds A and

B and 249 sera from IKC-positive herds C,  serodiagnosis of IKC by an accurate and
D, E, F, G and H were analysed by th&ational method such as ELISA will play a
ELISA (Tab. I). As shown in Figure 4, the central role in control programmes Mf
sera from sheep of herds devoid of IKCeonjunctivaenfection in the domestic sheep
showed ELISA titres averaged around 10%opulation and in preventing transmission of
with a mean valuex8.3% and a standard the disease to other animals, in particular
deviationon -1 = 9.5%. The resulting cut- wild caprinae species [6]. One of the major
off value for negative results of the ELISA problems underlining the serological detec-
test was set atx 3 (on — 1) = 37%, as indi- tion of mycoplasmal infection in ruminants
cated in Figure 4. The sera from sheep orign general is the high antigenic similarity
inating from herds with IKC clearly showed between relateMycoplasmapecies. These
elevated ELISA titres reacting up to 400%similarities lead to strong serological cross
(data not shown). In the individual herd thereactions which often hinder an accurate
percentage of sheep with a positive ELISAserological diagnosis of the infection. Infec-
titre > 37% ranged between 59% and 100%ion of domestic sheep and wild caprinae
of the animals tested. The animals of thes@ith M. conjunctivaevas shown to induce
herds which revealed ELISA titres belowa strong humoral response which can be
the cut-off value and hence were considedetected by immunoblot analysis through
ered to be sero-negatives, ranged betweente presence of seroreactive proteins of
and 41% with an average of 28%. It has tenolecular masses of 175, 83, 68, 60, 50, 42,
be noted that in herds where only few ani36 and 33 kDa [5, 9]. However, serological
mals showed clinical symptoms, a lowercross reactions betweédw. conjunctivae
seroprevalence was measured (Tab. ). andM. ovipneumonia@andMycoplasma

Number of samples

§
-
D
«©
'
o
©

-— - - - - - - - e

ELISA titers (%)

Figure 4. Distribution of ELISA from sheep originating of herds free from IKC and herds with
known IKC infections. The bars represent the number of sheep corresponding to the range of ELISA
indicated on the-axis. ELISA are given in % values of a standard serum which was chosen as
100%. Black bars represent sheep from the two herds known to be without IKC for a long period. Grey
bars represent the sheep from the herds where clinical symptoms of IKC have been diagnosed. The
dark line represents the cut-off value for negative.
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bovoculihave been reported [5]. Based orsheep herds (Tab. I) and reflected IKC-
the immunoblot analysis of full antigeninfected sheep as diagnosed in these herds.

preparations oM. conjunctivaeve have We therefore suggest the Tween 20

shown in this work that these cross reacayiract-based/. conjunctivaeELISA as a

tions are mainly due to cross-reactingayable serological test for herd screening
antigens of 83 kDa and 42 kDaMf con-  5¢ |kC in the sheep population.

junctivaewhich react with antM. ovip-

neumoniaehyperimmune antiserum and

with serum from Sheep which were SeropOSACKNOWLEDGEMENTS

itive for M. ovipneumoniaeExtraction of

membrane proteins M. conjunctivaising We are grateful to P. Ratti, K. Jorger,
the Tween 20 method [10] resulted in @ prop_ odermatt, R. Oswald, P. Boss, N. Coretti,
tein fraction which was shown to be anti-T. Hummel, M. Zimmermann, A. Giovanoli,
genetically specific foM. conjunctivaeWe  P. Juesy, M. Zuber, P. Burri, and P. Weber for
used these results to establish an ELISAeir support. This research project was supported
which was shown to be a specific and serPy the Fund for Research on Infectious Kerato-
sitive test for the serological detection Ofconjunc_tlvms, Chur,_ Switzerland; the Swiss Fed-
M. conjunctivaenfections in sheep. Vali- eral Office for Environment, Forest and Land-

. - cape, Bern; and the Research Fund of the
dation of the method by analysis of a Iarg‘?nstitute for Veterinary Bacteriology, Bern. Itis

number of sheep from herds known to b5t of the COST Action 826 on ruminant's

devoid ofM. conjunctivaenfections, but mycoplasmoses.

among which certain sheep revealed anti-

bodies tdM. ovipneumonigeshowed a good

specificity. No individuals produced ELISA REEFERENCES

titres that were above the cut-off value in

the two IKC-free herds. In all of the six [1] Ausubel F.M., Brent R., Kingston R.E., Moore

herds where IKC was diagnosed based on D-Dt-' Selidf_“an J]G" ?mitbh JI-A-’ StJfUn' K\-/v\/?u”gm

clinical symptoms and identification . e o Yok N Togg Y+ wonn ey

conjunctivaen the e_yes’ a significant p&_ll"[ of [2] Bannerman E.S., Nicolet J., Isolation and identi-

the sheep population (72% of all animals fication of porcine Mycoplasma in Switzerland,

from these herds) showed positive ELISA  Schweiz. Arch. Tierheilkd. 113 (1971) 697-710.

titres & 37% of the positive control stan- [3] Bradford M.M., A rapid and sensitive method for

dard). These titres are considered clearly the quantitation of microgram quantities of protein
L2 . . . . utilizing the principle of protein-dye binding,

positive forM. conjunctivaeinfection Anal. Biochem. 72 (1976) 248-254.

(Fig. 4). Only a minor_ity (28% of the ani- 4] pavies D.H., Aetiology of pneumonias in young
mals) showed ELISA titres below the cut-off =~ sheep, Prog. Vet. Microbiol. Immunol. 1 (1995)
value and were considered seronegative. 229-248.

These animals represented either non45] "\DAeg'Ong'S ’\é;P-,Abdt? :\5/"\1' Nicolet J., FfeyJ-t,

H H ] H ayer D., Glacomettl M., Immune responses (0
infected |nd|V|_duaIs., or animals at a very Mycoplasma conjunctivaa Alpine ibex, Alpine
early stage of infection. However, the h?rd chamois, and domestic sheep in Switzerland, J.
with the lowest percentage of seropositive  Wildl. Dis. 36 (2000) 265-271.

animals still revealed to have more than half[6] Giacometti M., Nicolet J., Frey J., Krawinkler

; 0 i M., Meier W., Welle M., Johansson K.E., Degior-
of the population (59%) to be seropositives gis M.P., Susceptibility of Alpine ibex to con-

(Tab. 1). In this herd, animals from suppos-  junctivitis caused by inoculation of a sheep-strain

edly IKC negative herds have been intro-  of Mycoplasma conjunctivagVet. Microbiol.

duced at a moment when the infectious stage 61 (1998) 279-288.

of the disease must have levelled off. Hence[] Giacometi M. Nicolet J., Johansson K.E., Naglic
H . . . . | | P . | | -

herd |nfect|(_)n byM' conjunctlvag:ould . tifi’catic?n O?Mycopfasmg cc’)njunctivaie infec-

clearly be diagnosed by ELISA in all six tious keratoconjunctivitis by PCR based on the



164 L. Belloy et al.

16S rRNA gene, Zentralbl. Veterinaermed. B 46[14] Nicolet J., Martel J.L., ELISA in large animals, in:

(1999) 173-180. Tully J.G., Razin S. (Eds.), Molecular and diag-
. . nostic procedures in mycoplasmology, Vol. I,
[8] Giacometti M., Frey J., Janovsky M., : )
Krawinkler M., Schlatter Y., Belloy L., Academic Press AP, 1996, pp. 105-113,
Fatzer R., Nicolet J., Infectious keratoconjunc-[15] Pettersson B., Uhlen M., Johansson K.E., Phy-
tivitis (in german), Schweiz. Arch. Tierheilkd. logeny of some mycoplasmas from ruminants
142 (2000) 235-240. based on 16S rRNA sequences and definition of
a new cluster within the hominis group, Int. J.
[9] Grattarola C., Frey J., Abdo E.-M., Orusa R., Syst. Bact. 46 (1996) 1093-1098.

Trotter S.L., Franklin R.M., Baas E.J., Barile
M.F., Epidemic caprine keratoconjunctivitis:

Nicolet J., Giacometti MMycoplasma conjunc- [16]
tivae infections in chamois and ibexes affected
with infectious keratoconjunctivitis in the Italian experimentally induced disease with a pure culture
Alps, Vet. Rec. 145 (1999) 588-589. of Mycoplasma conjunctivaénfect. Immun. 18
[10] Johansson K.E., Hjerten S., Localization of the ~ (1977) 816-822.
Tween 20-soluble membrane proteingohole-  [17] van Halderen A., Henton M.MMoraxellaspp.
plasma laidlawiiby crossed immunoelec- infections, in: Coetzer J.A.W., Thomson G.R.,
trophoresis, J. Mol. Biol. 86 (1974) 341-348. Tustin R.C. (Eds.), Infectious diseases of live-
[11] Jones G.E., Infectious keratoconjunctivitis, in: %to;:k (‘j""ttjh _spec_ltal IrDeferencée to SToutherg ,?fnga
Martin W.B., Aitken I.D. (Eds.), Diseases of xior knlver5| y Fress, Lape Town, Oxford,
sheep, Blackwell Scientific Publications, Lon- New York, 1994, pp. 1033-1037.

don, 1991, pp. 280-283. [18] van Halderen A., Vanrensburg W.J.J., Geyer A.,
) ) ) ) Vorster J.H., The Identification dflycoplasma

[12] Mayer D., Nicolet J., Giacometti M., Schmitt M., conjunctivaeas an aetiological agent of infec-

Wahli T., Meier W., Isolation oMycoplasma tious keratoconjunctivitis of sheep in South

conjunctivagrom conjunctival swabs of Alpine Africa, Onderstepoort. J. Vet. Res. 61 (1994) 231-

ibex (Capra ibex ibexpffected with infectious 237.

Iigrsa}tloGCfnjunctlvms, J. Vet. Med. B 43 (1996) [19] Wright P.F., Nilsson E., Van Rooij E.M., Lelenta

' M., Jeggo M.H., Standardisation and validation of

[13] Nicolet J., Freundt E.A., Isolation bfycoplasma enzyme-linked immunosorbent assay techniques

conjunctivaefrom chamois and sheep affected for the detection of antibody in infectious disease

with keratoconjunctivitis, Zentralbl. Veteri- diagnosis, Rev. Sci. Tech. Off. Int. Epizoot. 12

naermed. B 22 (1975) 302-307. (1993) 435-450.

To access this journal online:
www.edpsciences.org




