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Abstract — Contagious agalactia affects goats and sheep. In most infected sheep, the causal agent,
Mycoplasma agalactigenduces mastitis and/or agalactia, keratoconjunctivitis and arthritis. How-
ever, a few strains &fl. agalactiaewere isolated from tank milk from flocks without any clinical signs.

The present study was undertaken to compare these apparently “asymptomatic” strains to classical
virulent strains in order to assess the pathogenicity of four “asymptomatic” strains. Six groups of lac-
tating ewes were inoculated by the intramammary route witkiable mycoplasmas of each strain.

The clinical signs were regularly evaluated; the excretion of bacteria in milk and the serological
response were measured. Ewes were necropsied 7 weeks after inoculation and the level of infection
in retromammary lymph nodes was determined. Among the 4 apparently “asymptomatic” strains,
2 were fully virulent as were the strains isolated from diseased animals, and the other 2 induced
somewhat less severe clinical symptoms. The other parameters, in particular the level of excretion in
milk and the level of infection of regional lymph nodes following necropsy were similar for all
strains. Mean antibody response was also comparable between the apparently “asymptomatic” and
virulent strains, in spite of great individual variability. This observation shows that flocks without any
clinical sign from which\l. agalactiaeis isolated in bulk milk, must be kept under strict control
since mycoplasmas may induce severe outbreaks later with changing conditions of breeding.

contagious agalactia Mycoplasma agalactiaévirulence / experimental infection / sheep disease

Résumé- Inoculation de Mycoplasma agalactiapar voie intramammaire chez des brebis en
lactation : virulence comparée de 6 souches de terraib’agalactie contagieuse affecte les chevres

et les moutons. Chez la plupart des moutons infectés, I'agent ddysaplasma agalactigénduit

des mammites et/ou de 'agalactie, des kératoconjonctivites et des arthrites. Cependant, quelques
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souches d®l. agalactiaeont été isolées de lait de tank provenant de troupeaux ne présentant aucun
signe clinique d'agalactie. L'étude présente a été entreprise afin de comparer 4 souches dites « asymp-
tomatiques » & 2 souches virulentes et de mesurer la pathogénicité de ces souches « asymptoma-
tiques ». Six groupes de 4 ou 5 brebis en lactation ont été inoculés par voie intramammaire avec
108 bactéries viables de chaque souche. Les signes cliniques ont été réguliérement évalués ainsi que
I'excrétion des mycoplasmes dans le lait et la réponse sérologique. Les brebis ont été autopsiées 7
semaines apres l'inoculation et le niveau d'infection des nceuds lymphatiques rétromammaires a été
mesuré. Parmi les 4 souches apparemment asymptomatiques, 2 étaient aussi virulentes que les
souches isolées de brebis malades, tandis que les 2 autres ont induit des signes cliniques moins
séveres. Les autres parameétres, en particulier le niveau d’excrétion dans le lait et le niveau d’infec-
tion des nceuds lymphatiques rétromammaires aprés autopsie, étaient comparables. La réponse anti-
corps moyenne était elle aussi comparable, malgré une grande variabilité individuelle. Cette obser-
vation a pour conséquence que les troupeaux sans signe clinique desquels des mycoplasmes sont
isolés a partir du lait de tank doivent rester sous contr6le strict car ces mycoplasmes peuvent induire
plus tard de I'agalactie contagieuse a la faveur de conditions d'élevage changeantes.

agalactie contagieuseMycoplasma agalactiaévirulence / infection expérimentale / maladie du
mouton

1. INTRODUCTION tivity of the technique has enabled
mycoplasmas to be detected in bulk milk
from a few flocks without any clinical signs.

Contagious agalactia, a worldwide dls-We investigated whether the “asymp-

\?V?}?ghmr?r?((:aieglﬁngff%c():?stst'hles r?\:%?{?;?rqgmatic” strains oM. agalactiaeisolated
land pr intp n)éj > 101. The m %in these situations differ from the virulent
glands, joints and eyes [2, 10]. The ma trains isolated in true clinical circumstances.

_caur?al ager:jts al‘?yc?wzlasma_ggalaé:tlae For this purpose, lactating ewes were exper-
In Sheep and goats ail mycoldesubsp. imentally infected with strains from vari-

mycoidedarge colony typeMycoplasma s origins and clinical, serological, bacte-

capricolum subsp. capricolum or iological findi
Mycoplasma putrefaciens goats [3, 7]. In ::a?:(?r%lecc? and necropsy findings were

some French regions where contagious

agalactia of ewes due M. agalactiaeis According to the inoculation routes, dif-
enzootic, the prevention of the disease iserent models of infection of small rumi-
based on a strict control of infected flocks nants with mycoplasmas were used in order
The protocol includes culling of sheep withto evaluate diagnostic tests, treatments or
clinical signs, a bacteriological survey ofvaccines [5, 8, 21, 22]. The inoculation of
bulk milk and a restriction of movementsjambs by the conjunctival route, which was
of flocks based on serology, using a quanpreviously used [19], led to the constant
titative ELISA leading to the classification colonisation of the regional lymph nodes
of flocks with a serological index [9, 12]. (LNs) and allowed the first steps of the
Most flocks in the infected areas of Francénfection to be analysed. When applied to
are at present free of contagious agalactiactating ewes, this mucosal route confirmed
using this sanitary control but a few remairthe colonisation of the retromammary LNs
infected at low levels [11, 14]. In combina-and the excretion d¥l. agalactiaein the
tion with the serological testing, the use ofmilk of some animals (Sanchis et al., unpub-
bacteriological methods, such as MF-dotished results). In the present study, the intra-
for identifying mycoplasmas following iso- mammary route was preferred in order to
lation of mycoplasmas in bulk milk, has assess the pathogenicity of various field
rapidly lowered the percentage of infectedstrains ofM. agalactiaebased on compara-
flocks. In some cases, however the senstive analyses of clinical signs.
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2. MATERIALS AND METHODS then distributed in 1 mL sterile tubes and
_ frozen at —70 °C. Before inoculation, a
2.1. Animals and protocol frozen specimen was thawed and examined

in serial dilutions in MBM for enumeration

Twenty-nine lactating ewes, free of con-of viable bacteria on sterile 96-well
tagious agalactia, of the local breedmicroplates. On the inoculation day, another
“Manech”, from the Pyrénées Atlantiquestube of the same batch was thawed and
region (France) were identified and ran-adjusted to the required concentrations by
domly distributed into 6 groups, 4 todilution in PBS.
6 weeks after lambing. Each group of 5 (or
4 for 1 group) ewes was housed in separate In each group, the animals received 10
experimental pens one week before inocucFU of each strain dfl. agalactiaediluted
lation. Ewes were inoculated by the intrain 5 mL of PBS and instilled via the intra-
mammary route with ®viable bacteria mammary route through the right teat.
(CFU) of 6 different strains dfl. agalactiae
The two virulent strains, including the strain
P89 already described in a previous work . o
[19], were isolated from ewes of two flocks2-3. Clinical examination and sample
with severe clinical signs including mastitis ~ collection
and keratoconjunctivitis. The 4 “asymp-
tomatic” strains were isolated from bulk Behavi f the inf d animal d
milk from 4 different flocks without any . sehaviour of the infected animals an
clinical sign of agalactia at the time of sam-.Cllnlcal signs were obs_erved every day after
pling. Infected animals were submitted tomoculatlon. To quantify the clinical signs

regular clinical and serological examina-2nd to estimate the time-course of the clin-

tions. Excretion of bacteria in milk was con-Ical dévelopment, an average clinical index
trolled by quantitative bacteriological exam-"as determined each week including the
ination of the milk. All infected ewes were PP€arance of the mllk.(from 0 for a nor-
slaughtered at the end of the experimermal milk to 4 for agalactia) and the clinical

(7 weeks post-inoculation [pi]) to quantify status of the udder (from O for a normal

M. agalactiaein the retromammary LNs udder to 4 for severe mastitis). Four addi-
' " tional points were added when signs of ker-

atoconjuntivitis were detected.

2.2. Bacterial strains and experimental

. ; Venous blood was harvested each week
infection

for serological examination. Serum samples
were stored at -20 °C before testing all sera

_The list of the strains d¥l. agalactiae  ogether at the end of the experiment.
with their virulent or “asymptomatic” sta-

tus used in this study is presented in Table I. ik from right and left teats of each ewe

For the preparation of inocula, the straingvas separately harvested once a week and
were cultured as previously described [19]examined the same day to quantify viable
Briefly, 500 mL flasks with Mycoplasma M. agalactiae
Broth enriched Medium (MBM; Axcell, St
Genis I'Argentiére, France) were inoculated Necropsy of all infected ewes was per-
with each strain. After 3 days at 37°C, theformed at day 47 pi. Retromammary LNs
culture was harvested by centrifugation atvere collected from each ewe, placed indi-
10 000g for 30 min and the pellet was sus-vidually in sterile vials and stored at —70 °C
pended in a hundred-fold dilution in phos-before quantitative bacteriological exami-
phate buffer saline pH 7.2 (PBS). It wasnation.
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2.4. Bacteriological examination standard serum included in each microti-
tration plate [12].
— Milk. After collection, each fresh sam-
ple of milk was immediately refrigerated at
+4 °C and divided in two parts. The first2 6. Statistical analysis
part was kept at —70 °C and the second was
immediately examined in serial ten-fold
dilutions on sterile microplates in MBM
with amoxicillin added (MBMA) for the

Data are expressed as mean + SEM. Dif-
ferences between the groups of ewes (or
enumeration of viabl®l. agalactiae After between strains) were ana_lysed by ANOVA

: or the Chi2 test. A probability value of less

incubation for 7 days at 37 °C, the t'tresﬁmn 0.05 was considered significant.
were expressed as viable bacteria per m

of milk. If this first trial was negative, the

remaining frozen specimen was thawed

diluted 1:5, 1:10 and 1:100 in 2 mL MBMA 3- RESULTS

and incubated at 37 °C. If it was negative o )

again after 3 days, sub-cultures were realisedt1- Clinical observations

in 2 mL MBMA. If no turbidity occurred

after 7 days at 37 °C, the culture was con- For all experimentally infected ewes, the
sidered as negative. Positive cultures wergign observed during the first week after
streaked onto mycoplasmal agar mediunmoculation was an alteration of the quality
(Axcell, St Genis I'Argentiere, France) with of the milk collected from the right inocu-
added amoxicillin and incubated for 3 daydated side. This alteration rapidly extended
at 37 °C. Plates were examined, and colonie® the left udder-half and, in some animals,
were transferred into separate tubes and usésll to a transitional or a true clinical masti-
as inoculum for identification tests achievedis. The most severe clinical signs appeared
by classical procedures [10, 16]. between 10 and 25 days pi.

~ —Lymph nodesLNs were thawed, cut  wjith the virulent strains P89 and 9512,
into pieces with sterile blades, diluted 1:5linical mastitis appeared in 4 of the 5 ewes:
(weight per volume) in MBMA and 3 and 4 of them, respectively, developed
homogenised with a blender (Stomacheggalactia associated with keratoconjunc-
LB80, SewardMedical, UK) in sterile bags.tivitis from the second week after inocula-
Specimens were treated for enumeration agon to the week before necropsy. The clin-
previously described for the milk, and thejcal course was similar with the
remaining specimen suspensions were kephsymptomatic” strains 9523 and 8751. The
at —70 °C. If these primary cultures were2 other “asymptomatic” strains, 7783 and
negative, the frozen specimens were thawepl784, induced a decrease in milk produc-
and subcultured as above. tion and slight clinical signs of mastitis in the

right udder-half in 2 and 3 ewes from day 7

to day 28 pi (Tab. I; Chi2 tegp:= 0.02).
2.5. Serological examination Agalactia occurred in the right udder at

day 25 pi in one ewe inoculated with strain

The serological examination was per-7783. The change in the average clinical

formed by an enzyme-linked immunosor-index of each group (Fig. 1) illustrated the
bent assay (ELISA) according to the procedifferences in the expression of clinical signs
dure already described [9]. The antigen usedf these two strains, 7783 and 7784, in com-
in this ELISA was prepared from the refer-parison with the constant increase in clinical
ence strain P89. The results were expresseains with the four other strains (ANOVA:
in units according to the curve of a titratedp < 0.02).
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Table I. Clinical signs observed in lactating ewes experimentally infected by the intramammary
route with 16 viable bacteria of 6 different strainsMf agalactiae.

No of positive ewes

Strains  Apparent status No of ewes Mastitis Agalactia Kerato- Fotal
of pathogenicity per group conjunctivitis

9512 virulent 5 4 4 2 10

P89 virulent 5 4 3 2 9

9523 asymptomatic 5 4 3 3 10

8751 asymptomatic 5 5 2 1 8

7783 asymptomatic 5 3 1 0 4

7784 asymptomatic 4 2 0 0 2

aSum of positive findings.

-

sively decreased and, in spite of some indi-
vidual variability, excretion persisted until
the end of the experiment (mean?10

10% CFU - mL~1 of milk) without signifi-
cant differences between the different strains
(Fig. 2).

CLINICAL INDEX
O NWARUOGON®OO

‘ — Lymph nodesAt necropsy, the right
o 6 18 25 32 4 47 retromammary LNs were always larger than

DAYS FOLLOWING INOCULATION the left ones in all groups. There was no sig-
-0-P89 --3-9512 —m—7784 nificant difference for the mean weight of

7783 8751 —4—9523 the LNs in the 6 groups. No other signs were

Figure 1. Mean clinical index as a function of obse_rved erCEpt a weak congestion of _Some
time in 6 groups of ewes inoculated by the intralLNs in all inoculated groupsn the strain
mammary route with different strains of 7784 group, all retromammary LNs were
Mycoplasma agalactiagl 0° viable bacteria per jnfected ranging from o 10 CFU - g
gé"negeﬁt:r?g%rg ﬁggig;gin;ean are ot repress organ. In the strain P 89 and strain 8751
o groups, the left LNs were not infected and
the level of infection of the right LNs was
lower (1& to 1 CFU - g (Tab. I). In
the 3 other groups, which were infected by
3.2. Bacteriological results the other virulent strain (9512) or by two
“asymptomatic” strains (9523, 7783), only
— Milk. From Day 4 piM. agalactiae a few left LNs remained uninfected and the

was recovered from the two udder-halvedeVvel of infection of infected LNs was from
in all ewes, whatever the group. Howeverl® to 1 CFU - g™* (Tab. II). Regarding
the excretion was always higher in the milkhe number of infected LNs or the level of
collected from the inoculated udder-halvednfection, the differences between the vir-
(108 to 1012 viable bacteria per mL) than in ulent strains (P89 and 9512) and the
the milk from the left ones (@0 1 viable 4 “asymptomatic” strains (7783, 7784, 8751,
bacteria per mL). The excretion progres9523) were not significant.
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Table II. Level of infection in retromammary lymph nodes (LNs) after necropsy of lactating ewes
experimentally infected by the intramammary route withviflble bacteria of 6 different strains of
M. agalactiae.

Strain Status No of positive LNs / No. of LNs  No of viable bacteria in LNs (range)
9512 virulent 8/10 16108
P89 virulent 4/10 18103
9523  asymptomatic 6/10 1ace
8751  asymptomatic 4/10 a0
7783  asymptomatic 7/10 a0
7784  asymptomatic 878 10%-107

a4 ewes per group.

(o] ~ (o]
T T

(9]
T

w
T

ELISA TITERS (Log2 units)

N
T

VIABLE BACTERIA (log10/ml)
D

-
o

=l 3¢

K

4 8 18 25 32 41 47
DAY FOLLOWING INOCULATION
0 7 14 021 28 3% 42 49 —w— 7784 —@— 7783 ——8751 —A— 9523
- 8- 9512 ©- P89

o

Figure 2. Time-course of the milk excretion of Figure 3. Time-course of antibody response after
Mycoplasma agalactia@ ewes experimentally experimental infection of 6 groups of 5 ewes
infected by the intramammary route. Mean excre(4 ewes for strain 7784; + SEM) inoculated by the
tion was calculated from data of 29 ewes inocuintramammary route with 6 different strains of
lated with 6 different strains (8@iable bacteria Mycoplasma agalactiagl 0° viable bacteria per
per ewe). ewe)

3.3. Antibody response (Fig. 3) all groups, no significant relationship could

be observed between the “asymptomatic
Significant titres (>150 units) were and virulent strains.

obtained from the first week following inoc-

ulation; however, a few ewes (at least 1 ani-

mal per group) remained negative until thet. DISCUSSION

end of the experiment. The lowest ELISA

titres were obtained in the group inoculated The present study compared the

with the 7783 strain, and the highest titrepathogenicity of six strains &fl. agalac-

(>1000 units) were obtained in the grouptiae. The objective of our previous work

infected with the 9523 strain. Because ofising lambs inoculated by the conjunctival

the small number of animals per group andoute was to develop an experimental model

the great individual variability observed inin order to quantify the infection, allowing
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investigation of the first stages of the conical conditions, such as the route of inocu-
tamination and measurement of the persidation in natural infections [8], probably play
tence of the pathogen in non-milking ewesn important role in the expression of the
[18, 19]. In milking ewes inoculated by the pathogenicity. Given the short time of obser-
conjunctival route with 10viable bacteria of vation required by our experimental condi-
two different strains oM. agalactiaethe tions (7 weeks), it remains possible that, as
infection disseminated to the retromammaryor the dose effect studied with other
LNs and led to an established infection irpathogens [15, 17], the differences between
the udder without clinical signs during thestrains could be related to a difference in
two months of observation, in spite of a spothe time-course of the infection induced by
radic excretion of mycoplasmas in milkthe different strains. These differences in
(Sanchis et al., unpublished results). Thesduction of clinical symptoms may also be
preliminary results supposed that, by thisnfluenced by phenotypic surface antigen
mucosal route, the peak of the infectiorvariation ofM. agalactiaestrains, which
could happen later; longer observation timesnight play a key role in the establishment
or higher doses were needed in order tand persistence of mycoplasma infections
observe clinical signs, as described ir6].

another report [4]. So, since such conditions . .
are not fully compatible with experimental  Regarding the serological responses of
requirements, a more drastic inoculation by"es following inoculation with various
the intramammary route with §CFU was Stains oM. agalactiag high levels of anti-
chosen in order fo obtain clinical signs sd’Cdies have been previously reported to be

that the pathogenicity of 6 field strains of¢l0S€ly associated with induction of clini-
M. agalactiaecould be compared. cal signs and high levels of infection, as in
other Mycoplasmainfections such as

Using this route of inoculation, the infec- M. ovipneumoniaén adult sheep [13] or
tion was rapidly established in the rightM. agalactiaein lambs [19]. In the present
udder-half and became bilateral with thestudy, in spite of comparable levels of infec-
6 strains. The high level of excretion in milktion, great individual variations were
(102 to 102 CFU - mL~Y during the first observed and some ewes remained seroneg-
two weeks suggests a multiplication ofative while others developed very high titres;
mycoplasmas in the udder-halves of althus the highest titres (>1000 units) were
ewes; the infection remained at a high levebbtained with the supposed “asymptomatic”
until the end of the experiment (Fig. 2). Thestrain 9523, while 2 ewes remained nega-
only difference between the strains was irtive with the reference virulent strain P89.
the clinical index which discriminated No correlation could be established between
2 “asymptomatic” strains from the 4 otherthe individual ELISA titres and the severity
strains (Fig. 1). These 2 strains (7783 andf clinical signs. These variations in the anti-
7784) induced only mild and transitionalbody response detected by ELISA may be
disgalactiae and mastitis while the 2 othedue to the well-established antigenic vari-
“asymptomatic” strains (8751, 9523)ability of mycoplasmas [6]including
induced clinical signs as severe as the 2 viM. agalactiag[1, 20]. The infection of the
ulent strains. However, since the level ofudder seemed to be a prerequisite for the
infection and excretion remained comparadevelopment of a serological response but
ble within all strains, the difference of clin- did not appear to be sufficient. These results
ical symptoms caused by these two strainsonfirmed the observations made in natu-
indicates that, in our experimental condi+rally-infected flocks in which the strains
tions, the clinical signs are independent oétudied in this report were isolated: high
the level of infection. These differences sugELISA titres were observed in animals with
gest that eco-epidemiological or physiolog-active or latent infections while a few other
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infected animals remained seronegative.[4] Buonavoglia D., Fasanella A., Greco G., Pratelli

These observations confirmed that while ~ A. Astudy of an experimental infection of sheep
. S with Mycoplasma agalactiaévlicrobiologica 22

ELISA is an excellent tool for establishing (1999) 27-30.

a flock infection, it is of little value in detect- (5] chaturvedi V.K., Pathak R.C., Singh P.P., Pal

ing all infected animals. B.C., Experimental pathogenicity bfycoplasma
. . . mycoidesubspmycoided C in kids, Indian Vet.
In conclusion, in our experimental con- 3,71 (1994) 753-756.

ditions, the 6 strains studied in this report 6] Citti C., Rosengarten R., Mycoplasma genetic
induced a constant infection reflected by a  Vvariation and its implication for pathogenesis,
comparable level of infection in the retro- - g’;ﬁaﬂg \/f\VzCh\‘j\;';EZ;ell?i%ggé)rSSifSS'L
mammar)’ LN_S and the Ie\,/el of ex_cretlon Mycoplasmaé of goats and sr-leé'p, J. Vet. Diagh.
of strains in milk. The 6 strains also induced  Invest. 4 (1992) 101-113.

clinical signs of agalactia, but for 2 of them [8] Hasso S.A., Al-Aubaidi J.M., Al-Darraji A.M.,
these signs remained low during the 47 days Contagious agalactia in goats: it's severity as
of observation. Among the four “asymp- rSeI'T?;‘ﬁthSntﬂhne ;eogstel%f (';‘L%C?E')";Gg'_‘g?gregnancy’
Fomath” S’Fr.alns' the results Sh(.)W that th.ere Lambert M., Application d'une technique ELISA
is a variability in the pathogenicity of strains informatisée au sérodiagnostic de 'agalactie con-
of M. agalactiae these differences cannot be  tagieuse des petits ruminants, Rev. Med. Vet.
interpreted as a true attenuation of the viru- . (LTOULOUfTJI 126 (t198_5) 303'3|°6-t_ - .
lence for the strains 7783 and 7784. Thedd0) Lamber 1 Conlagos agajctsof sheep o
strains rather represent fully virulent  §g9.711.

M. agalactiaeisolated from healthy or (11 Lambert M., van de Wiele A., Valognes A.,
apparently healthy carrier animals [4]. This ~ Calamel M., Dufour P., Pépin M., Serological
highlights the need to adopt a strict control

of these asymptomatic flocks with excre-

tion of mycoplasmas in milk.

El

diagnosis of contagious agalactia by ELISA:
results of its application in a national control pro-
gram over six years, in: Frey J., Sarris K. (Eds.),
COST 826 Agriculture and Biotechnology:
“Mycoplasmas of ruminants”, Office for Official
Publications of the European Communities, Lux-
embourg, 1996, pp. 97-99.

Lambert M., Calamel M., Dufour P., Cabasse E.,
Vitu C., Pépin M., Detection of false-positive
sera in contagious agalactia with a multiantigen
ELISA and their elimination with a protein G
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