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Summary 

 
Contagious agalactia of small ruminants is a syndrome which mainly affects the 

mammary glands, joints and eyes but also alters the immune response of the affected 
animals. The study aimed to investigate the functional status of several immune effectors in 
sheep from a flock infected with M. agalactiae and the changes in functionality of these 
effectors following the therapeutic procedures. The research was carried out on 18, 2 to 8 
years old sheep, both males and females, showing various lesions of agalaxia, to establish 
the changes induced by the treatment with antibiotics in total leukocyte counts (Turk 
method), phagocytosis (carbon particle inclusion test), blast transformation of leukocytes (in 
vitro cultivation), total immune globulins (zinc sulfate precipitation test) as well as the levels 
of circulating immune complexes (CIC)(4.2% PEG precipitation test) and evaluate their role 
in healing. Blood samples were taken twice, at 18 days intervals, prior to and after the 
treatment. The results indicated a significant (p<0.01) decrease of total leukocytes, strongly 
correlated with the phagocytosis before, but not after the antibiotic treatment (r=0,492, 
p<0,01). Similarly, the stimulation indices were significantly (p<0.001) increased following 
the therapy, as opposed to the humoral immune effectors, total Ig and CIC. The results 
stressed the importance of cell-mediated immunity in healing during the antibiotic therapy. 
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Contagious agalactia of small ruminants is a syndrome which mainly 

affects the mammary glands, joints and eyes that occurs on all five continents and 
is often enzootic (1, 2). The main mode of transmission between flocks is related to 
the sale of carrier animals and contact during transhumance, whereas transmission 
within a flock occurs through contact, suckling and milking (3, 4). Mycoplasmas 
affect the immune system by inducing either suppression or polyclonal stimulation 
of B and T lymphocytes, inducing the expression of up- and down-regulating 
cytokines and increasing the cytotoxicity of macrophages, natural killer cells, and T 
cells (8). The study aimed to investigate the functional status of several immune 
effectors in sheep from a flock infected with M. agalactiae and the changes in 
functionality of these effectors following the therapeutic procedures, in order to 
better orient the therapy and shorten the healing period of the animals. 
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Furthermore, the potentially positive in vitro effects of Echinacea angustifolia were 
monitored in enhancing the immune activity of cells from the diseased animals.   

 
Materials and methods 

 
The investigations were carried out on 18 sheep with clinical signs of contagious 

agalactia, with eye, joint or mixed lesions, 2 males and 16 females, aged 2 to 8 years, 
from a conventional flock. In some animals, treatments were perfomed prior to the 
experiment, depending on the location of the lesions. The vaccinal status of the 
animals varried, some undergo vaccinations, but all showed lesions caused by the 
disease. The animals were vaccinated two years prior to the outbreak. Blood was 
sampled twice at 18 days intervals, before and after the treatment, both for serum and 
on heparine (50 IU/ml) and EDTA. To avoid thermal stress, the samples were kept at 
37°C till testing, within maximum 4 h after sampling.  

Leukocyte counts. Leukocyte counts were performed by Turk method and 
quantified as thousands/mm3. 

Phagocytosis. An in vitro carbon clearance assay (9) was used to evaluate 
phagocytic activity in the experimental batches. The method was modified from the in 
vivo method described for chickens (9). 1.5 ml of venous blood was collected on 
heparine (50 IU/ml). The blood sample received 6 µl of the supernatant fraction of India 
ink (Pelikan AG D-3000, Hanover, Germany) that had been centrifuged at 3000 g for 
30 min. After mixing, each sample was divided into 3 equal aliquots which were 
incubated at 37°C for 20 and 40 min. Volumes of 150 µl of each blood and India ink 
mixture from each aliquot were added to 2 ml saline following incubation. These diluted 
samples were centrifuged at 50 g for 4 min and the supernatant was read 
spectrophotometrically at 535 nm, with the background taken as zero. There was a 
decrease in absorbency with time as carbon was phagocytosed. Optical density 
readings were converted to a log2 scale and phagocytic index was taken as the 
negative of the slope of the regression of optical density (log2) on time (h). 

Blast transformation test. The blast transformation capacity of leukocytes 
was tested on whole blood cultures by use of RPMI 1640 (Sigma-Aldrich) culture 
medium, with 5% fetal calf serum (FCS)(Sigma-Aldrich). The blood samples were 
diluted 1:4 with the medium, distributed in 96 well plates in 0.2 ml aliquots. PHA M 
(Sigma-Aldrich.)(1µl/well) was used as a standard mitogen. Both variants were 
performed in duplicate. The plates were incubated at 37°C in a 5% CO2 atmosphere 
for 60 hours. The cell growth was estimated by measuring the glucose residue in a 
colorimetric orto-toluidine test (ICCF, Bucharest) and spectrophotometrical 
measurement (λ=610·nm, d=0.5·cm) of the results (SUMAL PE2, Karl Zeiss, Jena). 
Blast transformation indices were calculated as percentages of the consumption versus 
the initial glucose concentration of the RPMI 1640 medium. 

Total immune globuline (Ig) measurements. Part of the collected blood 
was allowed to clot for 30·min at 37°C and then centrifuged at 1308·g for 10·min. 
Sera were removed and kept at –20°C until tested. A volume of 6.6·µl of serum was 
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mixed with 193.4·µl of a 0.024% barbital buffer zinc sulphate solution and allowed 
to precipitate for 30·min at room temperature (22–23°C). Optical density (ODU) 
then was read spectrophotometrically (λ=475·nm, d=0.5·cm). 

Circulating immune complexes (CIC) measurements. A 4.2% polyethylene 
glycol (PEG) solution in borate buffer was used as the precipitating agent, while buffer-
treated samples served as controls for borate-induced precipitation. The reaction was 
performed in a 96-well-plate to enhance spectophotometrical readings. Volumes of 
196.7·µl of borate buffer and PEG solution, respectively, were mixed with 3.3· µl 
samples of the serum, for each sample. The samples were allowed to precipitate at 
room temperature (22–23°C) for 60·min, then read spectrophotometrically (λ=450·nm, 
d=0.5·cm)(multichannel spectrophotometer SUMAL PE2, Karl Zeiss, Jena, Germany). 
CIC concentrations, (ODU) were calculated by subtracting the value of the control 
(serum + buffer) from that of the PEG precipitate. 

 

Results and discussions 
 

An estimate of the functionality of various effectors involved in the anti-
infective immunity during the clinical course of the disease could clear some 
aspects of the pathogenesis and recrudescence of the disease in constantly 
vaccinated flocks, in regions with high epidemiological risk. The evolution of the 
infection tends to be chronic in affected animals and herds. These insidious 
infections, associated with carriage in the ears of healthy animals, are difficult to 
diagnose and to control (3). 

Total leukocyte counts offer an overall image of the changes in the cell-
mediated innate or adaptive immunity, influenced by the impact of environmental 
factors  (5).  

The results of the total leucocyte counts (fig. 1) indicated the fluctuation 
within a wide range, from 15,2 to 44,24 x 103/mm3 at the first sampling, suggesting 
various degrees of severness of the lesions, depending on the individual and 
duration of the infection. The onset of the supportive and antiinfectious therapy in 
the diseased animals induced, 18 days after the first sampling, a striking decrease 
of total leukocyte counts (fig. 1) within a range from 8,4 to 14,8 x 103/mm3. The 
latter values were close to the physiological limits of the species (7).  
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Fig. 1. Mean values and standard deviations of total leucocytes (sampling I and II) 

 

The efficacy of the therapy resides not only in the clinical remission of the 
symptoms but also the the statistically significant (p<0.01) normalization of 
leukocyte counts, thus the diminishment of the inflamatory process.  

 
Table  1 

Mean values obtained in the phagocytic test (samplings I and II) 
Sampling I Sampling II 

Control Alcool Echinacea Control Alcool Echinacea 

Ln0-Ln30 Ln0-Ln30 Ln0-Ln30 Ln0-Ln30 Ln0-Ln30 Ln0-Ln30 
0.118± 
0.107 

0.090± 
0.162 

0.012± 
0.086 

0.109± 
0.098 

0.145± 
0.127 

0.060± 
0.039 

  
The data otained in the phagocytic test were presented in table 1. The 

spontaneous phagocytic activity during the first sampling was higher than after the 
treatment, due to the post-therapeutic decrease in leukocyte numbers or possibly 
due to the inhibiting effect of the antibiotics. The results indicated a negative 
influence of the infection on the spontaneous phagocytic activity of the animals. 
The Echinacea extract exerted an inhibiting effect, more pronounced before the 
therapy. The phagocytosis was significantly correlated with the total lekocyte 
numbers before but not after the antibiotic therapy (r=0,492, p<0,01). 

Table 2 
Stimulation indices (SI%), total Ig and CIC values (samplings I and II) 

 Control SI 
(%) 

PHA SI 
(%) Total Ig  

CIC 
Sampling I 17.26± 

13.99 
15.57± 
22.90 

0.115± 
0.038 

0.0086± 
0.0036 

Sampling II 78.71± 
12.59 

84.38± 
3.30 

0.080± 
0.037 

0.0089± 
0.0090 
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The stimulation indices calculated in the blast transformation test showed a 
statistically significant increase (p<0.001), suggesting that the adaptive cell 
mediated immunity rather than the innate one had an important role in healing. 

An evaluation of the potential role of non-specific humoral immunity, that is 
total Ig and CIC levels in healing, indicated non-significant increases of both 
parameters, stressing furthermore the importance of cell-mediated immunity (6). 
 

Conclusions 
 

Antibiotic treatment of the animals infected with Mycoplasma agalactie led 
to healing probably due to the decrease in total leukocyte counts and their 
diminished function - phagocytosis.  

The significantly increased adaptive cell-mediated activity, associated with 
a slight increase in the innate humoral reactivity after the antibiotic therapy 
suggested the importance of adaptive rather than innate mechanisms in healing.  

The encountered effect of the Echinacea angustifolia extract did not justify 
its use in further therapy of the disease. 
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