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Mycoplasma capricolum subsp. capricolum (Mcc) is an important etiological agent of contagious agalactia (CA). CA
affects small ruminants and is characterized by inducing mastitis, arthritis, kerato-conjunctivitis and respiratory
symptoms. The aim of this study was to isolate and characterize Mcc from Moroccan goats with contagious
agalactia. A total of 300 Alpine goats were monitored. Serology analysis, molecular identification, and isolation of
Mcc were realized from suspected goats. An experimental study was conducted for isolated Mcc to determine their
pathogenicity. Thus, clinical observation showed that respiratory symptoms were predominant in young animals,
and other symptoms, such as mastitis, keratoconjunctivitis and lameness, were more frequently detected in adult
goats. Of the 80 tested blood samples, 28 sera were seropositive for Mcc antibodies. Mcc was identified by
polymerase chain reaction (PCR) in milk, lung tissue and synovial liquid samples. The isolation of Mcc was successful
through bacterial culture from lung tissue. LppA gene sequence of this strain revealed 98.1% similarity with the
reference strain (ATCC 27343), with 11 missense variants. Experimental infection resulted in severe and generalized
CA disease in sheep and goats, confirming the high pathogenicity of the Moroccan Mcc isolate.
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Introduction

Mpycoplasma are small and fastidious bacteria belonging
to a group of Mollicutes. Mycoplasma are characterized
by a minute genome size (0.58 to 1.35 kb) and are de-
void of the cell wall (Brown et al., 2005). Thus far, Myco-
plasma identification has been based on serological
assays after cultivation. However, efforts have been di-
rected toward replacing these assays with more rapid
and accurate molecular approaches based on the detec-
tion of specific DNA sequences (Nicholas et al. 2008).
M. capricolum subsp. capricolum (Mcc) could be identi-
fied using 16 sRNA polymerase chain reaction (PCR),
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restriction fragment-length p[olymorphism (RFLP) in
rRNA genes and biochemical tests. However, these tech-
niques may present cross-reactivity; members of the M.
mycoides cluster are closely related genetically. PCR of
LppA gene is recommended for the specific identifica-
tion of Mcc (Monnerat et al. 1999).

In small ruminants, Mycoplasma is known to cause re-
spiratory diseases, arthritis, ocular lesions, genital symp-
toms and mastitis. Mcc is one of the agents responsible
for contagious agalactia syndrome (CA), together with
Mpycoplasma agalactiae, Mycoplasma putrefaciens and
Mycoplasma mycoides subsp. capillri (Bergonier et al.,
1997). Mcc causes sporadic outbreaks of caprine arth-
ritis, polyarthritis, mastitis, keratoconjunctivitis, pneu-
monia, septicemia and vulvovaginitis with high
morbidity and mortality rates (Pourbakhsh et al. 2015).
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Described for the first time in California as a virulent
agent of CA in goat kids, the primary clinical sign was
severe polyarthritis affecting nearly every diarthrodial
joint (DaMassa et al. 1992). In France and Canary
Islands, Mcc is the second most frequently isolated CA
agent, and its presence has been associated with severe
outbreaks (De la Fe et al. 2007). In Morocco, one study
reported Mcc identification using biochemical and sero-
logical methods (Benkirane et al. 1993).

Recently, Mcc was also detected in a USA human pa-
tient displaying symptoms of septicemia (Heller et al.
2015).

In this study, investigations focused on suspected clin-
ical cases of CA in a dairy group presenting mastitis,
pneumonia and arthritis in young and adult animals.
Mcc was isolated, sequenced and characterized for its
pathogenicity in sheep and goats for the first time in
North Africa.

Results

Case description

An alpine goat flock of approximately 300 head of dairy
production, located in the center of Morocco, was sus-
pected of having contagious agalactia. Clinical field ob-
servations showed a morbidity rate of approximately
19% in young goats and 5.7% in adult goats with mortal-
ity rates of 3.5% and 0.6%, respectively.

Young animals (10%) had respiratory symptoms, in-
cluding cough, nasal discharges and dyspnea. However,
six adult goats showed mastitis, two presented kerato-
conjunctivitis and one had lameness and arthritis. At
postmortem examination, the lungs showed lesions of
congestion, edema and hepatization, and hemorrhagic
streaks in the trachea.

Mcc detection

Among samples collected from goats presenting symp-
toms of CA, two lung tissue, two milk and one synovial
liquid samples were analyzed by conventional PCR and
detected as positive for Mcc and negative for other
mycoplasmas (M. capricolum subsp capripneumoniae,

Page 2 of 11

M. mycoides subsp. capri, M. putrefaciens, and M. aga-
lactie). By real-time PCR, the cycle threshold (Ct) was
lower in lung tissue (18.3) and in milk samples (19.0)
(Table 1).

Bacterial isolation

Mycoplasma isolation was performed from the lung tis-
sue of dead Alpine goats. From culture-positive plates,
typical fried-egg bacterial colonies were observed in
PPLO agar cultures after 5 d of incubation (Fig. 1). In
PPLO broth, turbidity was observed after 48 h at 37 °C
in a shaker incubator. A total of five isolates were col-
lected and identified.

Sequencing and phylogenetic results

PCR amplification of LppA gene of the Mcc isolate
showed the presence of a specific band of 1356 bp. Dir-
ect sequencing of the PCR products showed the pres-
ence of 11 missense variants when compared with LppA
gene sequence of the Mcc American Type Culture Col-
lection (ATCC) strain by ClustalW multiple alignment.
The missense variants were D101N, S120F, K170R,
A241T, P281S, T317A, G334H, H351Y, K408E, M413G
and K481IN. Using the Consurf server, we identified
three amino acids (S120, K170 and K481) that were
highly conserved and exposed, one amino acid (H351)
that was highly conserved and buried and seven amino
acids (D101, A241, P281, T317, G334, K408 and M413)
that were highly variable and exposed. The sequence
alignment by the basic local alignment search tool
(BLAST) revealed an identity of 98.10% with Myco-
plasma capricolum subsp. capricolum (ATCC 27343),
followed by Mycoplasma laechii 99/014/6 (72.08%),
Mycoplasma feriruminatoris G1650 (72%), Mycoplasma
mycoides strain T1/44 GP (72.05%), Mycoplasma
mycoides subsp. capri strain GM12 (71.89%) Myco-
plasma  capricolum subsp. capripneumoniae strain
033C1 (66.08%) and Mycoplasma putrefaciens strain
NCTC10155 (63.33%). LppA gene sequence-based
phylogenetic tree confirmed the close relationship be-
tween the isolate and ATCC strain, while Mycoplasma

Table 1 PCR-based identification of Mycoplasma species from samples of goats

N° Source of cPCR qPCR
samples (Ct value)
Mcc® Mccp® Mmc*© M.put? M. aga® Mcc

1 Lung + - - - 183
2 Lung + - - - 384
3 Milk + - - - 19.0
4 Milk + - - - 268
5 Synovial liquid + - - - 324

gPCR Quantitative polymerase chain reaction, cPCR Gel-based polymerase chain reaction
2Mycoplasma capricolum subsp. capricolum, ®Mycoplasma capricolum subsp. capripneumoniae, “Mycoplasma mycoides subsp. capri, “Mycoplasma putrefaciens,

€Mycoplasma agalactiae, + positive, - negative
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Fig. 1 Colonies of Mycoplasma capricolum subsp. Capricolum on
PPLO agar with a characteristic fried egg appearance. bar
means1 mm

laechii (99/0 14/6 and PG50) was phylogenetically the
closest to Mycoplasma capricolum subsp. Capricolum
(Figs. 2 and 3). Additionally, LppA gene sequence of
Mcc MOR20 has been deposited previously in GenBank
(MZ441164).

Antibody detection

Among 300 alpine goat samples, 80 sera from different
age categories were tested. Twenty-eight animals were
positive for specific antibodies against Mcc, with an
overall prevalence of 35%. Adult goats presented the
highest rate (18.75%), followed by goats at puberty and
newborns with a rate of 6.25% (Table 2).

Clinical scoring and postmortem lesions

Following the challenge of animals with the Mcc
MOR20, all sheep and goats developed respiratory symp-
toms, including nasal discharge and cough. Diarrhea was
present mainly in goats (4/6) compared to sheep (1/6).
Lameness was observed in young sheep and goats of G2
and G4 (6/6) and one adult local goat of G1 with a swol-
len and hot joint. Keratoconjunctivitis was observed in
goat kids (3/3). The average clinical score was the high-
est in goat kids (18, 3), followed by lambs (16, 6), adult
goats (12, 6) and sheep (11) (Table 3).

Mortality was important and occurred earlier in chal-
lenged lambs (3/3 at Day 8 post infection (pi)) than in
goat kids (2/3 at Day 6-8 pi). Two sheep and one goat
also died after the challenge between Days 12 and 17 pi
(Table 3).

At autopsy, gross changes were confined to the lungs,
joints and intestines. Lungs showed consolidation,
pleural adhesion and a deposit of fibrin in the groups of
adult animals (G1 and G3). Only one adult goat and one
adult sheep resisted the challenge with no lesion at

Page 3 of 11

autopsy. In the groups of young small ruminants (G2
and G4), only consolidation and patchy areas were ob-
served in the lungs. In animals presenting diarrhea and
lameness, autopsy examination showed intestinal inflam-
mation with enlarged mesenteric nodes, and fibrino-
purulent exudate and hemorrhagic erosions of the
cartilage were present in the articulation (Fig. 4).

Histopathological investigation

Animals infected with Mcc MOR20 showed bronchoin-
terstitial pneumonia characterized by the coexistence of
histological features of both bronchopneumonia and
interstitial pneumonia. There was marked hyperplasia of
the bronchi epithelium with a bronchi lumen containing
an exudate of mucoid material mixed with polymorph-
ous inflammatory cells, mainly neutrophils (Fig. 5a,
hematoxylin and eosin (H&E) x20). The peribronchial
and perivascular lymphoid nodules were hyperplasic.
The alveolar space contained an inflammatory cell exud-
ate, mainly neutrophils (Fig. 5b, H&E x20). In several
areas, the interalveolar septa were markedly thickened
due to massive mononuclear leukocyte infiltration in as-
sociation with blood vessel congestion (Fig. 5¢, H&E
x40). Fibrinous pleurisy was also observed (Fig. 5d, H&E
x20).

Discussion

In 2019, the World Health Organization (WHO) listed
Contagious Agalactia for Animal Health among the most
serious diseases of small ruminants caused by myco-
plasma after contagious caprine pleuropneumonia
(CCPP). However, available data are insufficient to
evaluate the current prevalence and clinical severity
throughout affected areas (Jayj and Tardy 2019). In Can-
ary Islands, CA due to Mcc was first reported in 1992
and is still one of the major small ruminant health prob-
lems (G. Mogos et al. 2021). Pourbakhsh et al. also de-
tected Mcc in Iran in 2015 for the first time, while in
Europe, CA was declared sporadic by Jay and Tardy in
2019. In North Africa, where a small ruminant popula-
tion is dominant, few data are available on CA preva-
lence and causative agents. Benkirane et al. (1993)
isolated a few strains of mycoplasma from goat lung in
Morocco that have been identified as Mcc based on bio-
chemical tests.

The aim of this study was to genetically
characterize and evaluate the pathogenicity of a new
local strain of Mcc isolated from a goat dairy farm
presenting clinical signs of CA in adult and young
animals. Genetic analysis revealed that the isolate
shares 97% similarity with the Mcc California strain,
originating from goats, the only available strain of
animal origin in GenBank (CP000123). The isolate
presented 62% similarity with Mccp, which is in
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CP019061 Mycoplasma capricolum subsp. capripneumoniae strain zly1309F

CP0063959 Mycoplasma capricolum subsp. capripneumoniae 87001

CP040917 Mycoplasma capricolum subsp. capripneumoniae strain 04012
CP041712Mycoplasma capricolum subsp. capripneumoniae strain 033C1

LN515399 Mycoplasma capricolum subsp. capripneumoniae strain ILRI181

LM995445 Mycoplasma capricolum subsp. capripneumoniae genome assembly 9231-Abomsa
LN515398 Mycoplasma capricolum subsp. capripneumoniae strain type strain: F38
CP017125.1:42803-43968 Mycoplasma capricolum subsp. capripneumoniae M1601 complete genome
CP041700 Mycoplasma capricolum subsp. capripneumoniae strain 05021

CP031288 Mycoplasma capricolum subsp. capripneumoniae strain JF6042

CP030266 Mycoplasma capricolum subsp. capripneumoniae strain JF6037
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CP031287 Mycoplasma capricolum subsp. capripneumoniae strain JF6034
CP041701 Mycoplasma capricolum subsp. capripneumoniae strain 8991
CP041704 Mycoplasma capricolum subsp. capripneumoniae strain Bagamoyo
CP041703 Mycoplasma capricolum subsp. capripneumoniae strain C550/1
CP041702 Mycoplasma capricolum subsp. capripneumoniae strain 12002
CP041708 Mycoplasma capricolum subsp. capripneumoniae strain 438LP
CP041706 Mycoplasma capricolum subsp. capripneumoniae strain Erer
CP041705 Mycoplasma capricolum subsp. capripneumoniae strain 95043
CP041707 Mycoplasma capricolum subsp. capripneumoniae strain Yatta/B
CP041710 Mycoplasma capricolum subsp. capripneumoniae strain 2/90
CP041709 Mycoplasma capricolum subsp. capripneumoniae strain C5
CP041711 Mycoplasma capricolum subsp. capripneumoniae strain AMRC-C758

CP004357 Mycoplasma putrefaciens Mput9231
G0 [ I Mz441164 Mycoplasma capricolum subsp. capricolum MOR20
39 CP000123 Mycoplasma capricolum subsp. capricolum ATCC 27343

FR668087 Mycoplasma leachii 99/014/6
100 ' CP002108 Mycoplasma leachii PG50 clone MU clone A8

100, LS991954 Mycoplasma putrefaciens strain NCTC10155

CP003021 Mycoplasma putrefaciens KS1
99 FQ377874 Mycoplasma mycoides subsp. capri LC str. 95010
LR739235 Mycoplasma feriruminatoris 8756-13
LR739236 Mycoplasma feriruminatoris 14/0D 0535
= LR739234 Mycoplasma feriruminatoris G1650
4‘ LR738858 Mycoplasma feriruminatoris G5813/1+2
LR739233 Mycoplasma feriruminatoris G1705
LS483519 Mycoplasma mycoides subsp. capri strain GM12
HQ699892 Mycoplasma leachii strain GN407
CP068548 Mycoplasma mycoides subsp. capri strain Ker.TCR. LT
CP011264 Mycoplasma mycoides subsp. mycoides strain Ben468
CP011260 Mycoplasma mycoides subsp. mycoides strain Ben1
% || CP011261 Mycoplasma mycoides subsp. mycoides strain Ben50
CP011262 Mycoplasma mycoides subsp. mycoides strain Ben181
CP011263 Mycoplasma mycoides subsp. mycoides strain Ben326
98 | CP014346 Mycoplasma mycoides subsp. mycoides strain T1/44
CP010267 Mycoplasma mycoides subsp. mycoides strain izsam mm5713
AP024602 Mycoplasma mycoides Caprivi DNA complete genome
CP002107 Mycoplasma mycoides subsp. mycoides SC str. Gladysdale MU clone SC5
CP054256 Mycoplasma mycoides strain T1/44 GP
BX293980 Mycoplasma mycoides subsp. mycoides SC str. PG1

Fig. 2 Phylogenetic and molecular evolutionary analysis of the LppA gene (1356 bp) region conducted using Molecular Evolutionary Genetic
Analysis Version 7.0 (MEGA7) with the Kimura two-parameter model and the Maximum Likelihood Statistical Method. The horizontal lines are
proportional to the distance among sequences
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accordance with Monnerat et al. (1999), who stated
that the LppA gene allows distinguishing between
Mcc and Mccp, two members of the same species.

Clinically, three major signs have been observed in the
affected goat flock: pneumonia in young and mastitis,
kerato-conjunctivitis and arthritis in adults. All observed
symptoms were exclusively due to Mcc, since no other
mycoplasma was detected by PCR or culture in collected
specimens from the sought animals. This finding, in ac-
cordance with a report in the Canary Islands, provides
evidence that Mcc alone can induce CA with severe
symptoms that can lead to mortality (De la Fe et al.
2007). In Iran, infection by Mcc induced only respiratory
symptoms and lesions in young and adult animals; the
difference from our results is probably linked to the
strain virulence (Pourbakhsh et al. 2015).

Table 2 Percentages of Mcc-positive goats

Under normal field conditions, CA causes mortality
only in young animals with acute pneumonia after be-
ing contaminated during milk sucking. Adult goats
may recover from the disease or maintain a subacute
infection such as mastitis and arthritis (Taoudi et al.,
1987). Serology results in our study showed 35% herd
seropositivity mainly in adults who have probably re-
covered from the clinical disease and in some new-
borns due
antibodies.

Experimental infection with the MOR20 isolate pro-
duced a severe and generalized disease in sheep and
goats, in both young individuals and adults. All 12 in-
fected animals developed respiratory symptoms, and
seven presented lameness and kerato-conjunctivitis
and five diarrhea. Two goats and one sheep resisted

to passive transmission of maternal

Category Age of animals No. of sera examinated No. of positive animals % of positive animals
1 <1.5 month 20 5 6.25%
2 2-3 month 20 3 3.75%
3 9-12 month 20 5 6.25%
4 2-3 years 20 15 18.75%
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small intestine and blood vessels (white arrows)

-

Fig. 4 Lesions following experimental infection of goats and sheep with Mycoplasma capricolum susbp capricolum isolate. a Lung consolidation.
b Pleural adhesion and pleural fibrin deposits (white arrows). ¢ Lymphadenitis of the prescapular lymph node (white arrows). d Congestion of the

the infection, while young animals suffered the most
from acute respiratory distress, and five of six died a
few days after infection, in agreement with the report
of DaMassa et al. (1992). The observed mortality was
due mainly to respiratory distress, but according to
Laws et al, (1956), mycoplasma can present respira-
tory and digestive tropism at the same time. Paren-
teral or oral infection with Mcc is known to initiate
definite progressive pathologic septicemia with severe
joint localization, as reported by DaMassa et al
(1992). The mortality rate in our study is higher than
that observed in the field and is probably due to the
huge infection charge with a highly virulent strain.
Mortality also occurred in adult sheep and goats, and
the observed postmortem lesions were characterized
by diffuse interstitial pneumonia, similar to the de-
scription of Rodriguez et al. 1998.

The farm contains only alpine goats, a breed highly
sensitive to many infectious agents, as stated by sev-
eral authors (Fakri et al. 2017; Bamouh et al. 2019).
Although the disease has previously been reported in
local breeds (Benkirane et al. 1993), experimental in-
fection showed higher sensitivity of alpine goats (2/3
mortality at D6 and D8 pi) than local breeds (1/3
mortality at D14 pi). However, Mcc was considered
less pathogenic for sheep than for goats (Perreau and
Breard 1979). In this research, sheep were equally or
more sensitive than goats, with a mortality rate of 5/
6. Cases must be investigated in sheep, as also recom-
mended by Taoudi et al., (1987).

Conclusions
This research describes for the first time the genetic
characterization and pathogenicity of a North African
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Fig. 5 Histological changes in the lungs. a Marked hyperplasia of the bronchi epithelium with a bronchi lumen containing an exudate (white
arrows), Bar means 100 um b Marked peribronchial and perivascular lymphoid nodules (black star) with alveolitis, Bar means 100 um ¢ Thickening
of the alveoli due to mononuclear lymphocyte infiltration and blood vessel congestion, bar 50um d Pleurisy (white arrows). Bar means 100 pm

isolate of Mcc. It provides evidence that contagious
agalactia due to Mcc is a serious disease of goats and
sheep, inducing economic losses by mortality of
young animals and a reduction in productivity in
adult subacute infection. The disease needs to be con-
sidered for prophylactic measure implementation by
vaccination to control spread.

Methods

Study area

In the center of Morocco, the Marrakech region (32° 14’
N, 7° 57" O), an intensive alpine goat flock of approxi-
mately 300 head of dairy production, was suspected of hav-
ing contagious agalactia. Two lung samples were
aseptically collected from animals dying; the section was
realized in the interface between consolidated and uncon-
solidated areas and kept in sterile disposable plastic bags.
Two milk samples and one synovial fluid were harvested
aseptically from animals presenting mastitis and arthritis.

Bacterial isolation and identification
The surface of lung tissue with lesions was sterilized
with a hot spatula, and deep tissue was minced with

sterilized scissors. One gram of tissue was mixed with
9 mL of modified (PPLO) medium (BBL, Becton
Dickinson, USA). Samples were cultivated for isola-
tion of mycoplasma as described in the World
Organization for Animal Health (OIE) Manual (2010).
In brief, minced suspensions of lung tissues, milk
(after vigorous shaking) and synovial fluid were ten-
fold serially diluted to 10™* in PPLO broth and fil-
tered through 0.45 pm. Each dilution was plated on
PPLO agar and incubated at 37 °C in a humid atmos-
phere of 5% CO,. The primary culture was purified
by transferring a small isolated colony to PPLO broth
and incubating at 37 °C for 3-5 d. Isolates were per-
missively identified based on colony morphology and
PCR.

PCR identification

The DNA was extracted from 200 pL of purified bac-
terial culture using the isolate II genomic DNA Kit
(Bioline, Italy) according to the manufacturer’s proto-
col. Purified DNA of the Mcc reference strain
(ATCC 27343) was used as a positive control. Mcc
was identified by real-time PCR and confirmed by
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LppA gene PCR. Real-time PCR amplification of Mcc
was performed in a 20 pL reaction volume contain-
ing 10 pL, of Sensifast probe NO-Rox mix (2x), 1 pL
of forward and reverse primers (10 uM) F: ATCATT
TTTAATYCCTTCAAS 3, R: TACTATGAGTAATT
ATAATATATGCAA 3, 05 pL of probe primer:
Fam-ACAACAAGATGTATTAGCTTCAGG-Tamra,
0.4 pL of carboxyrhodamine (ROX) reference Dye, 4
uL of DNA template, and 3 pL of nuclease free
water. The first step of the cycle parameter, named
the denaturation step, was performed at 95 °C for 10
min, followed by 45 cycles of denaturation at 95 °C
for 15 s and annealing/amplification at 56 °C for 1
min. The amplification was performed using Applied
Biosystems™ 7500 Real-Time PCR. The LppA gene of
Mycoplasma capriculum subsp. capriculum was amp-
lified by PCR using the specific primers F: 5 AGAC
CCAAATAAGCCATCCA 3’ R: 5 CTTTCACCGCTT
GTTGAATG 3’ (Monnerat et al. 1999). PCR was car-
ried out in a total volume of 25 pL containing 4 pL
of genomic DNA (~ 15 to 25 ng), 1 pL of dNTPs
(10 mM), 1 pL of each primer (10 mM), 1.25 pL of
MgCl, (50 mM), 0.25 pL of Taq polymerase (5 U/uL)
and 2.5 pL of PCR buffer (10x). Reactions were dena-
tured for 5 min at 95 °C, and PCR amplification was
subsequently carried out with 35 cycles at 95 °C for
30 s, 52 °C for 30 s, and 72 °C for 1 min each step.
The results were visualized in 3% gel agarose with
ethidium bromide. PCR amplifications of Mycoplasma
capricolum  subsp.  capripneumoniae, Mycoplasma
mycoides subsp. capri, Mycoplasma putrefaciens and
Mpycoplasma agalactiae were performed as described
by Ying et al. (2011) and Kumar et al. (2011).

Sequencing and phylogenetic analysis

The sequencing of the LppA gene was carried out ac-
cording to the Sanger method using a 16-capillary
3130XL genetic analyzer sequencer (Applied Biosys-
tems). The gene sequence was analyzed and aligned
with LppA gene sequence of Mcc ATCC 27343 by
BioEdit. The FASTA sequence of LppA was compared
with other sequences of the National Center for Bio-
technology Information (NCBI) database by the Basic
Local Alignment Search Tool. The conservation ana-
lysis of LppA amino acids was performed using the
consurf web server, which estimates the evolutionary
conservation of amino acids of proteins based on
homology (Ashkenazy et al. 2016; Elkarhat et al.
2020). For construction of the phylogenetic tree,
aligned individual nucleotide sequences of the de-
duced LppA gene were manually edited and
concatenated together. The maximum likelihood tree
was constructed from the artificially concatenated
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nucleotide sequences according to the amura-Nei
model using the MEGA X program.

Serological analyses

From the affected goat herd, 80 blood samples were
collected depending on the age of the animals. Sera
were extracted and submitted for serology analysis by
enzyme-linked immunoassay (ELISA). The test is
based on microplates coated with Mcc lysate. The
Mcc antigen was suspended in 100 pL of bicarbonate
buffer bound to each well of a Maxisorp plate and
incubated overnight at 4 °C. The plate was washed
with phosphate-buffered saline (PBS). Then, goat and
sheep collected sera diluted in 100 pL of blocking
buffer were added to the plates. After 1 h of incuba-
tion at 37 °C, the plate was washed with PBS Tween
and then incubated with 100 pL of horseradish
peroxidase-conjugated anti-immunoglobulin G (Bethyl
Laboratories) for an additional hour at 37 °C. Then,
the plate was washed with PBS Tween, and the

3,3,5,5'-tetramethylbenidine dihydrochloride (TMB)
substrate was added for 10-15 min at room
temperature. The reaction was stopped by the

addition of 50-100 pL of sulfuric acid per well, and
the absorbance was read at 450 nm. Specific Mcc
antibodies were assessed using the optical density
(OD) as an indicator.

Experimental infection

Experiments were carried out according to inter-
national guidelines described for the care and hand-
ling of experimental animals, Chapter 7.8 of the
Terrestrial Animal Health Code and Directive 2010/
63/UE of the European Commission. The protocol
was submitted and approved by the Internal Ethics
Committee. Animals were maintained under observa-
tion during the experiment in animal boxes of Biose-
curity level 3 containment.

Twelve goats and sheep were infected in this ex-
periment and divided into four groups of three ani-
mals: G1 (local adult goats), G2 (alpine kid goats),
G3 (local adult sheep) and G4 (local lambs). Before
infection, animals tested negative for Mcc-specific
antibodies by indirect ELISA. Animals were infected
4 times at 24 h intervals via the intratracheal route
with the culture of Mcc isolate at a concentration
of 10® colony-forming units (cfu) per mL as de-
scribed by Taoudi et al. (1988). Clinical signs, feed
intake, general behavior, rectal temperature, respira-
tory and cardiac frequency were monitored daily for
two months after infection. For each individual, a

score reflecting disease severity was calculated
(Table 4).
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Table 4 Scoring of recorded clinical signs

Clinical signs Score

General behavior Normal 0
Inactive 1
Low head 2
Very inactive 3
Very inactive + Hyperthermia 4
Lying down 5

Respiratory symptoms Normal 0
Mucous nasal discharge 1
Serous nasal discharge 2
Purulent nasal discharge 3
Nasal dischage + Cough 4
Nasal dischage + Cough + 5
Dispnea

Digestive symptoms Normal 0
Soft diarrhea 1
Liquid diarrhea 2
Profuse diarrhea 3
Liquid diarrhea + Anorexia 4
Profuse diarrhea + Anorexia 5

Lameness and Normal 0

keratoconjonctivitis Lameness of 1 mermber 1
Lameness of 2 members 2
Keratoconjontivitis 3
Polyarthritis 4
Lameness + 5
Keratoconjonctivitis

Mortality 5

Histopathology

Necropsy was performed on dead or euthanized goats
and sheep. Tissue specimens were collected and fixed in
10% neutral formalin and processed for histopathology.
Paraffin tissue sections were cut at 5-um thickness and
stained with hematoxylin and eosin.
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