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Summary 

 
There have been achieved experimental infections in broilers of 22 days old with 

one avian pathogenetic Escherichia coli strain (APEC pathotype, CRb+), one strain 
Salmonella gallinarum phage type 2a, and one strain Lysteria monocytogenes, inoculated 
after 14 days of treatment with two strains of Enterococcus faecium, per os administrated. 
Although both probiotic candidate strains have stimulated the cellular mediated immune 
response mechanisms and the local intestinal one, there have been registered differences 
between them regarding their effects upon infections with the three pathogenetic strains. 
 

Lactic bacteria are one of the modern biotechnology’s targets as an 
alternative to antimicrobial antibiotics therapies, and as instruments of preparing 
and control of the food/ feed ingredients. Probiotic strains are included in the group 
of lactic bacteria who are capable of controlling undesirable flora growth from a 
certain product or ecosystem. Probiotics are non pathogenetic live microorganisms 
or microbial products of a local microorganism which induce benefic effects on the 
host organisms and influences the microbial composition with stimulation effects 
upon digestion and the immunity of macro-organisms (Kacaniova et al. 2006, 
Pirvulescu et al. 200, Popa et al. 2005). The effect of reducing the pathogens’ 
colonization is attributed to competitive exclusion, increased production of fatty 
volatile acids and the intensification of immune system. Probiotics may significantly 
grow the immune humoral response in chickens, but significant increases are 
observed after the eight day of administration (Farnell et al. 2006, Samarineanu et 
al. 2005, Revolledo et al. 2006). Lactobacilli are the most utilized as probiotics, but 
there are enterococci strains also with the same characteristics that form part of the 
group of lactic bacteria (Vahjen et al. 2002, Mountzouris et al. 2007). 

Salmonella is a motile bacillus, Gram negative, aerobic, non capsulated, 
non forming spore, which infects amphibian hosts, avian and mammals. 
Salmonellosis is one of the most important zoonotic diseases that are transmitted 
by food, and avian are an important source of infection for humans. Among the 
over 2000 serovars of Salmonella enterica the serovars enteritidis (Salmonella 
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enteritidis) and typhimurium (Salmonella typhimurium) are responsible for the 
majority of enteritis of food origin in humans. Along the time, numerous strategies 
were applied for reducing Salmonella contamination in poultry farms destined for 
food industry (antibiotics, chemical nutritive supplements, competitive exclusion 
with non pathogenetic bacteria, genetic selection of chicken lines for an improved 
immune response and developing anti-salmonella vaccines). Infection with 
Salmonella enterica unleashes at chickens both humoral immune and cellular 
mediated responses. Immunoglobulin G, IgA and IgM produced in intestinal 
membrane and serum, CD4+T and IgG+ B spleen cells register high levels during 
the experimental infection with Salmonella (Avila et al.2006, Johannsen et al.2004, 
Orlic et al.2002). Low levels of CD8+T were registered in caecal tonsils after 
primary infection, but not also after the secondary. Salmonella gallinarum is one of 
the non motile serovars of Salmonella specific for avian, that produces extremely 
important economical losses; in humans it can be found in certain conditions and 
rarely (immunocompromised beings). S. gallinarum is closely related antigenic with 
S. enteritidis, except with the absence of flagella antigens. 

Listeria monocytogenes is one pathogen widely spread in nature, 
unpretentious, it grows at refrigeration temperatures, and may form and coexist in 
biofilms. It is very persistent and may be a contaminant of food products. 
Decontamination in case of its presence represents an especial challenge because 
when it forms part of a biofilm Listeria sp. is protected against disinfectants. In 
avian pathology, respiratory and joint affections especially in turkey due to L. 
monocytogenes, are more frequent (Zhao et al.2006, Huff et al.2005). 

Escherichia coli is present in the digestive tract of animals and humans. 
Natural infections in animals and humans, generically named colibacillosis, are 
characterized by: most of the cases, they have the aspect of some enteropathies, 
sometimes they have septicaemia character or of infections with other localizations; 
they are infections conditioned by predisposed factors, especially food and hygiene 
factors; they are severe, especially for young population, where it has 
septicaemical forms with enzootic evolution, producing important economical 
losses. E. coli strains are classified in various pathotypes, considering virulence 
factors, and the infections that they induce; those specific for avian are included in 
APEC pathotype (avian pathogenetic E. coli). APEC strains induce septicaemical 
infections, primery respiratory, and are frequently characterized, those of serotype 
1, by the capacity of Congo Red dye binding (CRb+), culturally determined on TSA 
agar with Congo Red ( Popa et al.2005). 

The purpose of this study was to evaluate GM8 and VL43 Enterococcus 
faecium strains as potential probiotic strains, by studying their in vivo effects in 
experimental infections with one Salmonella gallinarum 2a phage type strain, one 
APEC Escherichia coli strain, and one Lysteria monocytogenes strain, using as 
host broilers aged of 8 days old. 
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Materials and methods 
 

 Experimental design: 45 Cobb 500 broilers of 8 days old were used, 
acquired from an industrial farm; the bacteriological controls for the presence of E. 
coli- APEC pathogen for avian, Salmonella or Lysteria spp., were negative. Broilers 
were marked and randomly distributed in nine groups: group A: control (n= 5); 
group B: Enterococcus faecium GM8 + Escherichia coli APEC (n= 5); group C: 
Enterococcus faecium VL43 + Escherichia coli APEC (n=5); group D: Escherichia 
coli APEC 4293 (n=5); group E: Enterococcus faecium GM8 + Salmonella 
gallinarum 2a 91( n=5); group F: Enterococcus faecium VL43 + Salmonella 
gallinarum 2a 91(n=5); group G: Salmonella gallinarum 2a 91 (n=5); group H: 
Enterococcus faecium VL43 + Listeria monocytogenes (n=5); group I: Listeria 
monocytogenes (n=5). Broilers were foddered ad libitum, and the feed recipe was 
in concordance to their age (Grower, 21-1G), without coccidiostatic (produced and 
commercialized by IBNA); administration of drinking water was also ad libitum. 
Daily, during 15 days, five groups of chicken were orally inoculated with 
Enterococcus faecium GM8 (B, E), respectively Enterococcus faecium VL43 (C, F, 
H), in doses of 1 ml/ chicken, of integral culture (BHI, 18 hours age culture, 37ºC; 
except during the week-end/ first day of the week, there were used the 42/ 66/ 90 
hours culture). Pathogenetic strains of Escherichia coli APEC, Salmonella 
gallinarum, phage type 2a, isolate 91, and Listeria monocytogenes were orally 
inoculated (syringe without needle), as integral 18h age culture obtained static in 
BHI, in aerobic conditions, at 37ºC, in the 14th day of the experiments, in doses of 1 
ml/ chicken.  

At the end of the experiment, for the bacteriologic control regarding to the 
presence/ reisolation/ translocation in the organism of inoculated strains and for 
histological exams, organ samples were harvested (the small intestine, ileum-
caecum junction, liver, spleen, lung) from all groups of chickens. At the age of 35 
days (end of the experiment), blood samples were harvested on anticoagulant for 
control tests regarding to the cellular immunity. All chickens (n=45) were 
slaughtered at the age of 35 days (28 days of experiment). 
 Histology: Organ samples (intestine, lever, spleen) harvested at slaughter, 
were fixed in Baker formaldehyde, included in Paraplast+ (Sigma), sectioned at the 
thickness of 5 µm, stained by HEA tricolor method (Masson) and examined at the 
optic microscope. 
 Bacteriology: Probiotic candidate strains used in this study were isolated 
and selected after previous evaluations/ experiments achieved by the team of Prof. 
Dr. Tatiana Vassu, Faculty of Biology, and University of Bucharest. The inoculum 
administrated at five from the nine groups of chickens was constituted of the two 
strains of Enterococcus faecium GM8 and VL43, as 18 h age integral culture, static 
obtained in aerobic conditions, at 37ºC, in BHI (Pasteur, McF 4.8- 5.3, respectively 
5.4- 6.3). Pathogenetic strain of Escherichia coli APEC and Salmonella gallinarum 
phage type 2a isolate 91, of avian origin, isolated from poultry farms from Romania, 
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and the strain Listeria monocytogenes, of American origin, come from Pasteur 
Institute’s collection. Bacteriological exams for control/ detection/ recovery of 
inoculated strains were achieved in the same conditions of cultivation. Identification 
of isolates- recovered strains/ control of the identity of the inocula used in in vivo 
experiments was performed by biochemical tests on API20STREP or Rapid ID32 
galleries, for the Enterococcus faecium strains, and ApiListeria (BioMerieux), for 
Listeria monocytogenes, with interpretation according to the logic software APILAB 
( BioMerieux). Recording bacterial colonies on the media used has been codified 
accordingly to the scale: presence – 1, absence – 0 (with log10 graphic 
expression). The inoculum’s titration was achieved by the method of dilutions on 
solid mediua (Pasteur) and by using densitometry (Densimat, BioMerieux; 
McFarland units – McF). Titration of the inoculum (determination of UFC/ml), was 
achieved by dilutions in PBS and dispersions on agar Columbia (Oxoid) + 5% 
sheep defibrinated blood (for Enterococcus spp), MacConkey agar (for Escherichia 
coli and Salmonella gallinarum) and TSA agar+ 5% sheep defibrinated blood (I. 
Pasteur, 10 mcl/ plate), from 18 hour old culture in BHI. For recovering and 
evaluation of the Escherichia coli APEC load, the determination of ufc was 
achieved with PBS used for inside washing of the carcass and then by dilutions in 
PBS and dispersions on MacConkey agar; qualitative recovery was achieved by 
direct isolation from lung by inseminations in BHI and dispersion on TSA + Congo 
Red 0.3% (character of CRb+ as marker of the strain). For the recovery and 
evaluation of Salmonella gallinarum load, the determination of ufc was achieved by 
suspending 0.25 g of excrements in 2.25 ml of PBS and than by dilutions in PBS 
and dispersions on MacConkey agar; qualitative recovery was achieved by direct 
isolation from faeces, spleen and caecal tonsils by inseminations in Na Selenite 
and dispersion on MacConkey Agar For the recovery and evaluation of the load of 
Listeria monocytogenes, determination of ufc was achieved with PBS used for 
washing articular cavities and than by dilutions in PBS and dispersions on agar 
TSA + 5% sheep defibrinated blood; qualitative recovery was achieved by 
inseminations in BHI directly from articular cavities. 
 Immunology: Cellular immunity was evaluated by the test of blastic 
transformation of lymphocytes. Shortly: in case of each chicken controlled by this 
test (age 35 days, at the end of the experiment, previous to slaughter), the quantity 
of 0.3 ml of blood was inoculated in 3 ml of RPMI1640 medium supplemented with 
7.5% bovine fetal serum and gentamicine (100 µg/ ml). Cellular stimulation was 
achieved with PHA-M 30µg/ml medium, respectively inactivated culture from each 
pathogen bacterial strain, and the negative control was constituted from 
unstimulated culture, in case of each blood sample analysed. The response of the 
lymphocytes was evaluated by dosing residual glucose (ortho- toluidine) and the 
index of stimulation was established by reporting the optic density values (read at 
610 nm) for the stimulated sample at the suitable negative control (non stimulated 
variant). 
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 Information analysis was achieved by ANOVA (MSExcel) and Chi2 

(InStat, GraphPad Software 2.0). 
 

Results and discussions 
 

 There were observed clinical discrete signs of inappetence during the 
experiment, at a few days after inoculation of pathogen strains. At slaughter there 
were observed anatomical- pathological modifications of septicaemical type at 
the groups inoculated with the pathogenetic strains. Some of the results of the 
histological exam are illustrated in the figures 3- 5. Ileum: At all the examined 
avian the villosities presented a normal aspect with numerous cup-shaped cells. In 
the submucous membrane there were seen numerous glands with normal cells of 
the glandular epithelium. The simple prismatic epithelium covers the intestinal 
villosities and goes down in the Lieberkühn vaults whose lumen it lines. There were 
remarked many non regular disseminated cup-shaped cells that alternate with 
absorptive epithelial cells. The examined subjects have presented the lymphoid 
tissue hyperplasia with the compartment of Peyer patches developed, without 
germinal center, with different intensities. The chicken from groups E, F and H 
presented a medium immune reaction, manifested by hyperplasia with 
lymphoblasts in Peyer paches and in the diffuse lymphoid system. There was seen 
also a number of mitotic figures. The most intense immune reaction was revealed 
at group H (Enterococcus faecium VL43 + Listeria monocytogenes). Spleen, at all 
the examined cases presented numerous lymphoid nodules, with lymphocytic 
crown medium developed and aspects of proliferation of some periarteriolar 
lymphoid sheath. In numerous nodules there were observed medium intensity 
mitosis. Reticulohystocyte cells emphasized a discrete proliferation, and the 
sinuses appeared to be dilated, with the presence of numerous spleenocytes inside 
the lumen; low intensity hyperemia inside the white pulp. The arteriolar endothelium 
presented an intense hyperplasia. The subjects from groups E, F and H have 
expressed immune reactions of higher intensity compared with the chicken from 
groups B, C, D, G, I and controls (group A) characterized by lymphocytes 
hyperplasia in the B-dependent arias from lymphoid nodules and of the cells from 
T- dependent arias (periarteriolar). There was observed hyperplasia with high 
intensity lymphoblasts.  
 The liver presented at all the examined birds normal aspects, except for 
the subjects from group E, that revealed hyperemia, biliary ducts with dilated lumen 
and festooned epithelium; paucicellular hepatocytar acidophilic necrosis. All the 
subjects examined revealed the presence of some lymphocytes nodules, 
presenting an intralobular disposal of higher intensity in groups E and F 
(Enterococcus faecium GM8+ Salmonella gallinarum, respectively Enterococcus 
faecium VL43+ Salmonella gallinarum). 
 The results of the bacteriological exams are graphically illustrated in 
figure 1, based on the log10 value of the registered score. At bacteriological 
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controls in case of infection with Escherichia coli APEC there were registered 
contradictory aspects: the Enterococcus faecium GM8 strain inhibited the 
generalized translocation of the strain in to the organism, but not the colonization in 
the lung, compared with the Enterococcus faecium VL43 strain which seems to 
have augmented/ maintained/ favourized the generalized colonization of the 
pathogenetic strain. In case of Salmonella gallinarum infection the presence / 
translocation from intestine to spleen/ liver of the inoculated strain was inhibited by 
both Enterococcus faecium strain; between the two strains of Enterococcus 
faecium there were registered differences, with an advantage for GM8 strain. In 
case of infection with Listeria there were also registered results somehow 
paradoxically in the sense of that the Enterococcus faecium VL43 strain seemed to 
have encouraged the articular colonization of Listeria strain. 
 The results of the lymphocytes’ blastic transformation test regarding to the 
cellular immunity are graphically illustrated in figure 2. The same as in the case of 
bacteriological results, the results were slightly paradoxical, there were not been 
registered statistically significant differences between groups, but the medium 
lymphocyte response of the groups inoculated with lactic bacteria towards the 
stimulation with antigens derived from pathogenetic strains was influenced by the 
quantity of antigen, and the non specific response tested for PHA was high at the 
group inoculated with Enterococcus faecium VL43 and Escherichia coli and for the 
group inoculated with Salmonella gallinarum and Enterococcus faecium GM8. 
 

Conclusions 
 

1. Enterococcus faecium GM8 strains and Enterococcus faecium VL43, 
administrated daily for 15 days to broilers Cobb500 influenced the immune 
response to the pathogenetic bacterial strains administrated in the 14th day of the 
experiments.  
  2. Histopathological exams of lymphoid organs demonstrated a more 
intense immune response at the level of ileum and spleen (groups E, F and H) 
compared with the cases from group A (control); morphological identification at the 
level of the ileum of lymphocytes’ hyperplasia, localized in Peyer patches and 
diffuse, and also at the level of the spleen, and at the level of the lymphocytes 
situated in the malpighian corpuscles (regions B- dependent) and of the 
periarteriolar lymphocitar sheath (arias B- dependent), demonstrated the fact that 
an immune cellular response, induced by the immunogenes used, was installed. 
 3. Also, the treatment with the two lactic bacterial strains induced an 
activation of the cellular mediated immune response and of the local response, 
from the level of the intestine. 
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Fig. 1. Experiment in vivo on groups of broilers with probiotic candidate strains 
(Enterococcus faecium) and bacterial pathogenetic strains (Escherichia coli APEC/ 
Salmonella gallinarum 2 a/ Listeria monocytogenes). Evaluation of bacterial load. 
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Fig. 2. Experiment in vivo on groups of broilers with probiotic candidate strains 
(Enterococcus faecium) and bacterial pathogenetic strains (Escherichia coli APEC/ 

Salmonella gallinarum 2 a/ Listeria monocytogenes). Evaluation of cellular 
immunity. 

 

 
 

Fig.3. Experiment in vivo on broilers. Ileum. Group GM8 +Salmonella gallinarum 
2a/ 91. Intestinal villosities with numerous cup- shaped cells and enterocytes. 

Intense hyperplasia with lymphocytes in the sub mucous membrabe. Tri colour 
coloration HEAx 250. Photo Canon Power Shot G3. 
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Fig.4. Experiment in vivo on broilers. Ileum. Group VL 43+ Listeria monocytogenes. 
Peyer plate with lymphoblasts hyperplasia. Tricolor coloration HEAx 400. Photo 

Canon Power Shot G3. 
 
 

 
 

Fig.5. Experiment in vivo on broilers.Spleen. Group VL43+ Listeria monocytogenes. 
Periarteriolar lymphocytar Peyer sleeves; hyperemia. Tricolour coloration HEAx 

400. Foto canon Power Shot G3. 
 
 
 

 


