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Summary 
 

Genetic basis of methicillin resistance are found in the staphylococcal cassette 
chromosomemec (SCCmec), whichrepresents an island of resistance to antibiotics, one of 
the largest mobile genetic elements and havea bout 60kpb. It is composed of: the mecgenes 
(mecA, mecR1andmecI). 

Research has been carried out with in vitro rapid identification kit of MRSA strains 
isolated on selective media.Multiplex PCR method used enables the simultaneous 
amplification of mecA gene conferring resistance to methicillin and nuc Ater monucleasis 
gene,characteristic species Staphylococcus aureus. Were analyzed a total of 50 strains of 
Staphylococcus aureus MRSA, determined by the classical bacteriological methods, of 
which a total of 45 strains have been validated by PCR. 

Compared with conventional methods, analyses performed by molecular 
techniques have a higher accuracy, the results are obtained more faster. The most important 
quality of rapid testing methods is that it can be successfully applied in situations where 
microbiological methods are limited and identify the pathogenis essential. 
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Staphylococcus aureus (S. aureus) is an important pathogen, especially as 

a result of worldwide emergence of strains that are resistant to many or all 
antibiotics used in the clinic (strains MRSA, VRSA - meticillin - and vancomycin-
resistant Staphylococcus aureus) (2,4,6). 

Genetic basis of resistance to methicillin are found in the SCCmec 
(staphylococcal cassette chromosome mec) which is an island of antibiotic 
resistance, one of the largest mobile genetic elements and has about 60 kbp. (9) It 
consists of: mec gene complex (mecA, mecR1 and mecI), a complex encoding two 
specific recombinase (crrA and crrB) transposon Tn544 (encodes resistance to 
spectinomycin and erythromycin), a copy of plasmid pUB110 (conferring 
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kanamycin resistance, tobramycin and bleomycin) flanked by insertion elements 
IS431 (6,7). 

There are several types of mec complex: type A (1) showing the mecA 
gene and regulatory genes mecI and mecR1 complete and type B (2), C (3) or D 
(4) to mecI gene the missing and gene mecR1 presents deletion of fragments the 
increasingly larger.  

 
Materials and methods 

 
Classical methods are used to determine susceptibility to methicillin, but 

the phenotypic expression of this resistance often is heterogeneous character. 
The research included a test for the simultaneous determination and 

confirmation of methicillin resistance S. aureus species using mecA/nucA duplex 
PCR technique. MecA gene encodes a penicillin-binding protein 2 (PBP2), which is 
characteristic for methicillin-resistant staphylococcal. NucA gene encoding the 
thermostable nuclease from S. aureus, amplified fragment is characteristic for S. 
aureus strains. (11) 

The study was done on 54 staphylococcal strains. They were grown on 
blood agar medium, in order to obtain isolated colonies, which, after 24 h at 37°C 
produced a zone of beta hemolysis. (5) For bacterial DNA extraction we used a 
colony of S. aureus that was resuspended in DNA extraction kit solution. The 
samples were inactivated in a water bath at a temperature of 95°C for 10 min. 
Conditions of cultivation of microorganisms to generate amplicons (product 
resulting from PCR) are not essential, but are very important in the economy 
identified by PCR technique. In this sense it can be used in minimal media (nutrient 
agar and agar with 5% sheep blood) respecting optimum temperatures for 
cultivation of bacteria to get an accurate reproducibility. To obtain the correct final 
results it is recommended for young bacteria in culture for 24 h. From each Petri 
plate was taken by a colony, which was later used for the extraction of bacterial 
DNA. 

After centrifugation, the bacterial suspension was used in duplex PCR 
reaction, for amplification using primers that amplify a fragment of the mecA gene 
and nucA gene. DNA obtained was used in multiplex PCR amplification reaction 
according to the instructions of kit protocol have supported some changes 
(1,3,8,10,12). The resulting amplicons was analyzed by horizontal electrophoresis 
on a 2% agarose gel, 1X TAE running buffer. After migration, the electrophoresis 
gel was visualized via the UV transilluminator for observing amplicons. The gel 
should be loaded with a sample weight marker, positive control and a negative 
control which enables assessing the fairness of the results. 
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Results and discussions 
 
A total of 54 strains of bacteria were processed using conventional 

bacteriological methods for obtaining pure bacterial culture, biochemical test and 
antibiograma. (fig. 1). From the total number of strains analyzed by classical 
methods, 50 strains were identified as belonging to the species S. aureus. The 54 
bacterial strains identified by conventional bacteriology techniques were tested 
using mecA/nucA duplex PCR method to verify resistance to methicillin and 
belonging to the species S. aureus, is validated a total of 45 strains belonging to 
the S. aureus MRSA species. 

 
Fig. 1. Staphylococcus aureus, 24 hours agar culture (original) 

 
The total of 54 samples analyzed, 45 were MRSA - methicillin resistant 

(mecA positive), 5 were MSSA - methicillin susceptible (nucA gene) and 4 were 
MR-CNS - methicillin-resistant coagulase-negative (fig. 2). 

 
Fig. 2. Share Staphylococcus aureus strains based on the presence / absence 

mecA / nucA gene 
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The oligonucleotide primers using for the amplification fragments to 
generate the final for gene mecA a reaction product of 482 bp, for the nucA gene 
product of approximately 361 bp and the product of 981pb for internal control. (fig: 
3, 4, 5, 6, 7, 8). 

 

 
Fig. 3. 2% agarose gel electrophoresis of Stapylococcus aureus PCR products 

Lines 1 - Marker weight, Line 2 - S. aureus MRSA Line 3- S. aureus MRSA Line 4 
S. aureus MSSA, Line 5 - S. aureus MRSA Line 6 - S. aureus MRSA Line 7- S. 

aureus MRSA Line 8 - S. aureus MRSA; Line 9 - contol negative, Line 11 - positive 
control 

 
Fig. 4. 2% agarose gel electrophoresis of Stapylococcus aureus PCR products  

Line 1 - S. aureus MRSA; Line 2 - S. aureus MSSA; Line 3 - S. aureus MSSA; Line 
4 - S. aureus MRSA ; Line 5 - S. aureus MSSA, Line 6 - S. aureus MSSA; Line 7 - 

staphylococcal MR CNS; Line 8 - staphylococcal MR CNS; Line 9 - S. aureus 
MRSA Line 10 - S. aureus MRSA, Line 11 - negative control, Line 12 - S. aureus 

MRSA 
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Fig. 5. 2% agarose gel electrophoresis of Stapylococcus aureus PCR products  
Line 1 - S. aureus MRSA; Line 2 - S. aureus MSSA; Line 3 - S. aureus MSSA; Line 
4- S. aureus MRSA; Line 5 - S. aureus MRSA; Line 6 - S. aureus MRSA; Line 7- S. 

aureus MRSA; Line 8 - S. aureus MRSA; Line 9 - negative control, Line 11 - S. 
aureus MRSA 

 

 
 

Fig. 6. 2% agarose gel electrophoresis of Staphylococcus aureus PCR product  
Line 2 - staphylococcus MRCNS; Line 3- S. aureus MRSA; Line 4 - staphylococcus 

MRCNS; Line 6 - S. aureus MRSA; Line 7 - S. aureus MRSA; Line 8 - S. aureus 
MRSA; Line 10 - S. aureus MRSA; Line 11 - S. aureus MRSA; Line 12 - S. aureus 

MRSA 
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Fig. 7. 2% agarose gel electrophoresis of Staphylococcus aureus PCR product  
Line 1 - S. aureus MRSA; Line 3 - S. aureus MRSA; Line 4 - S. aureus MRSA; Line 
5 - S. aureus MRSA; Line 7 - S. aureus MRSA; Line 8 - S. aureus MRSA; Line 9 - 
S. aureus MRSA; Line 10 - S. aureus MRSA; Line 11 - S. aureus MRSA; Line 12 - 

S. aureus MRSA 
 

 
 

Fig. 8. 2% agarose gel electrophoresis of Stapylococcus aureus PCR products  
  Lines 1 - S. aureus MRSA; Line 2 - S. aureus MRSA; Line 3 - S. aureus MRSA; 

Line 4 - S. aureus MSSA; Line 6 - S. aureus MRSA; Line 7 - S. aureus MRSA; Line 
10 - negative contol, Line 11 - S. aureus MRSA; Line 12 - S. aureus MRSA; 
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Conclusions 
 
mecA /nucA duplex PCR technique was applied to 54 of staphylococcal 

strains isolated from the Microbiology Laboratory of the Central Military Emergency 
Hospital Bucharest. 

Of all strains analyzed, 45 strains (83.33%) were positive for MRSA (mecA 
positive) and 5 strains (9.25%) were positive for MSSA metitilin susceptible (nucA 
gene) and thus considered strains of Staphylococcus aureus data that confirm the 
results obtained by classical methods, 4 strains (7.40%) of MR-CNS samples are 
methicillin resistant coagulase-negative staphylococci so other categories. 

By electrophoresis in 2% agarose gel of amplified product was observed 
the presence of bands with length 981 bp for internal control, 482 bp for mecA 
gene and 361 bp for nucA gene.  

Compared with conventional methods, analyzes of molecular techniques 
shows specificity and sensitivity higher than conventional bacteriological tests, and 
the results are obtained more quickly. 

Molecular epidemiology research on identification of Staphylococcus 
aureus MRSA strains by PCR demonstrate practical efficiency of this laboratory 
diagnostic techniques. 
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Summary 

 

Venison meat, prepared for human consumption, must come from healthy animals 
because some diseases can be transmitted to humans and / or domestic animals. There are 
few bibliographic sources that relate to this pathogenic bacterial species existing in the 
tonsils of wild boars. We have investigated bacteriological boar tonsils 28 with the aim to 
identify themselves potentially pathogenic bacterial strains portage. Research results have 
shown the presence of Gramm positive and Gramm negative bacteria. Incidence was been 
46,42% Erysipelothrix rhusiopathiae; 10,7% Streptococus pneumoniae, 39.28% 
Streptococcus suis; 50% Staphylococus aureus, 21.4% Arcanobacterium pyogenes, 71.4% 
Dermatophilus like, 7.1%, Haemophilus suis, 10.7% Bordetella bronchiseptica, 3.5 %, 
Pasteurella multocida and 3.5% Yersinia enterocolitica. 

The results provide useful indications of the health status of wild boar and highlight 
the potential of the wild boar populations to act as biological reservoirs of certain 
microorganisms that can be passed onto other vertebrate wild animals and humans. 

Key words: Wild boars, bacterial species 

 

In last year`s consumption and assortiment of game meat products 
significantly increase. The meat of wild animals is more favorable for human health 
because it has lower saturated fatty acids content, but higher content of protein. 

The wild boar is one of the most important game species in our country. 
Recreational hunting of wild boars and consumption of wild boar meats in some 
regions of the world further provided ample opportunities for direct human contacts 
with wild boars, and thus created an ideal environment for the transmission of 
pathogens between wild boars and domestic swine, and between wild boars and 
humans (7).  

These free-living swine are known reservoirs for a number of viruses, 
bacteria and parasites that are transmissible to domestic animals and humans. 
Transmission of certain diseases through food remains an important cause of 
illness in both developing and developed countries (5). Humans may acquire 
zoonotic infections through a number of routes, including wild boar meat (18). 

Infected boars have the potential to transmit such agents to livestock and 
to humans, who may come in contact with their discharges or consume infected 
meat. In this context, the boars are thought to be a reservoir of virulent strains. 
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Several studies on specific aspects of the bacteriology of wild boar have 
been recently published by the outstanding authors (1, 10, 16, 11). 

This encouraged us to doing a study on wild boar hunting area coming 
from Buzau (Romania). 

Knowing portage bacterial in domestic pigs, we wanted a similar 
assessment and to wild boars. 
 

Materials and methods 
 

The aim of this study was to investigate the presence of various bacterial 
species in the wild boar populations of Buzău. Bacteriological investigations were 
performed in 2008-2009.  

Its aim was to make a profile of portage of potentially pathogenic bacterial 
species in the tonsils, from wild boar hunting in the area of Buzau.  

For this, 28 samples were collected from tonsils consecutive necropsy. All 
biological samples have been taken in sterile condition and transport to their the 
microbiology laboratory, was done at proper temperatures of 2-4 º C in sterile Petri 
dishes. Bacterioscopic examination consisted in carrying out through fingerprints 
smears from sections of tonsils. and stained by the method of Gram, Giemsa and 
Ziehl Neelsen. 

Bacteriological test proper consisted in classical steps towards sowing the 
usual, selective and special culture media, the examination of cultural, 
morphological, biochemical and serological characters, in order to identify a 
bacterial strain.  

For the isolation species Erysipelotrix rhusiopathiae culture medium was 
used as neomycin and kanamycin blood agar, liquid medium with tryptose 
phosphate and the selected solid crystal violet (14).  

In order to obtain pure cultures, each type colony was picked and 
transplanted on other selective and differential culture media: Slanetz-Batney Agar 
and K for Streptococcus; Chapmann Agar for Staphylococcus; - medium 
chromogenic Rambach, XLD, Istria-Meitert for Salmonella spp; Istratii-Meitert Agar 
differentially Enterobacteriaceae: lactose-positive bacteria (yellow in color), lactose 
negative bacteria (bluish green in color); VRBG Agar for Enterobacteriaceae; 
chromogenic medium for proper and Oxford Agar Listeria spp, Preston Agar and 
Karmali Agar Campylobacter spp; CIN medium for Yersinia spp, chromogenic 
TCBS Agar for Vibrio spp. 

For biochemical testing have used TSI, MIU medium and API multitest 
systems from Biomerieux. Was utilized miniAPI galleries for anaerobic bacterial-
API 20 A and API aerobic bacterial-20 NE, API 20 E, API 32 GN, API Staph, API 
Listeria, API 20 Strep, API Corynebacterium, API Campy.  
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Results and discussions 
 

The specialty literature provides little information regarding pathogenic and 
conditional pathogenic microbiota present in the tonsils of domestic swine, without 
reference to wild boars tonsils. Although do not were specific research undertaken 
to date boar, there are similarities with the results obtained in the domestic pig at 
least by the fact that at wild boar tonsils constitutes a genuine natural ecological 
niche for different microorganisms. Examination of the smears obtained by 
fingerprinting tonsils showed the presence of a microbial polymorphism: Gram-
positive and Gram-negative, Gram-positive and Gram-negative coccobacili, Gram-
positive and Gram-negative cocci. As a result of its bacteriological examination of 
the 28 tonsils examined has been isolated and various polymorphic microbiota as 
genera and species, identifying the 9 bacterial species of these 5 bacterial species 
of Gram positive and 4 Gram negative bacterial species (table 1, table 2). 

 
Table 1 

Gram positive bacterial flora isolated from tonsils of wild 

Bacterial species Number of 
strains 

% 

Erysipelothrix rhusiopathiae 13 46.42 
Streptococus pneumoniae 3 10.7 
Streptococcus suis 11 39.28 
Staphylococus aureus 14 50.00 
Arcanobacterium pyogenes 6 21.4 
Dermatophilus like 20 71.4 

 
Table 2 

Gram negative bacterial flora isolated from tonsils of wild 

Bacterial species Number of strains % 
Haemophilus suis 2 7.1 
Bordetella bronchiseptica 3 10.7 
Pasteurella multocida 1 3.5 
Yersinia enterocolitica 1 3.5 

 
From data analysis, it is observed that isolation of bacterial species it was 

with an incidence of: 46,42% Erysipelothrix rhusiopathiae; 10,7% Streptococus 
pneumoniae, 39.28% Streptococcus suis; 50% Staphylococus aureus, 21.4% 
Arcanobacterium pyogenes, 71.4% Dermatophilus like, 7.1%, Haemophilus suis, 
10.7% Bordetella bronchiseptica, 3.5 %, Pasteurella multocida and 3.5% Yersinia 
enterocolitica (fig.1). 
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Fig.1 Frequency of isolation of bacterial strains from tonsils of wild boars 

 

The frequency of isolation to Erysipelothrix rhusiopathiae strains fall within 
the upper limit suggested by bibliographic sources. 

The presence of strains of Streptococcus pneumoniae in a percentage of 
10.7% is totally unusual and unexplained, as a way of contamination. Bibliographic 
data not mention the presence of this bacterial species in wild boar. Streptococcus 
pneumonia is the major causative pathogen of community-acquired respiratory 
tract infections in humans, including community-acquired pneumonia, etc. 

Isolation of Streptococcus suis, in a percentage to 39.28% draws attention 
to on the danger that it is through the consumption of contaminated meat. He is 
increminated as could act as a reservoir and transmit virulent strains. S. suis was 
isolated from 92% of tested tonsils from wild boars (4). 

Streptococcus suis is a major porcine pathogen, causing economical 
health worldwide problems in the global swine. The first human cases of S. suis 
infection were reported in 1968 in Denmark (1). Since then, increasing numbers of 
cases have been reported worldwide (19). In pigs and wild board, the natural 
habitat of S. suis is the upper respiratory tract, particularly the tonsils and nasal 
cavities, and the genital and alimentary tract (13). S. suis was isolated from 92% of 
tested tonsils from wild boars. Serotype 2 was isolated in up to 50.6% of all S. suis 
isolates from healthy swine tonsil (2). 

Isolation Dermatophilus like in a percentage of 71.4% is consistent with the 
porting existing in domestic pigs (3). 

Staphylococcus aureus has been isolated in 50%, having the highest 
incidence among all the strains isolated, though, the specialty literature mentions 
the presence of this bacterial species to wild boar, into a much smaller percentage 
of 6.8%. Staphylococcus aureus is an abundant bacterium occurring as commensal 
flora of humans and various animal species (9). Staphylococci, especially 
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methicillin-resistant Staphylococcus aureus (MRSA) are deemed to comprise one 
of the most important nosocomial pathogens in humans and are considered a 
major public health concern (8). Staphylococcus aureus is a rare nasal colonizer of 
wild boars. 
 Gram-negative microflora, represented by Bordetella bronchiseptica, 
Haemophilus suis, Pasteurella multocida and Yersinia enterocolitica was isolated 
with a low frequency. Except Y. enterocolitica, the other bacterial species 
associated with respiratory disease in domestic pigs. 

Yersinia enterocolitica for is a microbiological indicator which may cause 
food poisoning by eating meat. In some studies, detection rate of enteropathogenic 
Yersinia in tonsils of 153 wild boars was 44% (6) or a frequency to 35% (17). 
However, in our study was only isolated to Y. enterocolitica strain (3.5%). 

Analysis of the production and processing practices for wild game species 
reflects the relevant processing standards. This should assist with identification of 
hazards common to production and processing practices for all meat species and 
whether any gaps exist which may require further analysis. 
 

Conclusions 
 
Research suggests wild boar species are susceptible to the same 

pathogenic microorganisms as other meat animals commonly consumed. 
From data analysis, it is observed that isolation of bacterial species was 

with an incidence of: 46.42% Erysipelothrix rhusiopathiae; 10,7% Streptococus 
pneumoniae, 39.28% Streptococcus suis; 50% Staphylococus aureus, 21.4% 
Arcanobacterium pyogenes, 71.4% Dermatophilus like, 7.1%, Haemophilus suis, 
10.7% Bordetella bronchiseptica, 3.5 %, Pasteurella multocida and 3.5% Yersinia 
enterocolitica. 

The frequency of isolation to Erysipelothrix rhusiopathiae strains falls within 
the upper limit suggested by bibliographic sources. 

The presence of strains of Streptococcus pneumoniae in a percentage of 
10.7% is totally unusual and unexplained. 

Microbiological hazards associated with wild game species are consistent 
with those identified for pig meat.  
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Summary 

 

Classical swine fever and respiratory and reproductive syndrome are major 
implications infectious diseases in swine. Hepatitis E is considered an emerging human viral 
disease in industrialized countries. Zoonotic transmission of hepatitis E virus (HEV) from 
captured wild boars to humans has been suggested. 

Considering importance of these viruses, we proposed detection Ab anti CSVF (anti-
classical swine fever virus), Ab anti-PRRS (anti-virus respiratory and reproductive syndrome) 
and Ab.anti HEV (anti-hepatitis E) by ELISA. The results obtained in the present study 

indicate that wild boars are infected with these viruses in different proportion. Therefore, of 
the 79 blood samples from wild boars, 21 (26.5%) were positive for PRRS, 11.39% positive 
for HEV. Also, the 454 serum samples tested for the detection of swine fever virus, 22 
(4.8%) samples were positive. 

Key words: Wild boars, Ab. anti PRRC, Ab anti-CSVF, Ab anti-HEV 

 

Wild boars harbour many important infectious agents that are transmissible 
to domestic pigs and other animal species including humans. The discussions 
approached at European level regarding pig diseases, it is recognized the 
presence of cross infections between wild boar and domestic pig Wild boars can 
act as reservoirs for many important viral infectious diseases in domestic animals, 
such as classical swine fever virus (CSFV), porcine reproductive and respiratory 
syndrome virus (PRRSV)as well pseudorabies virus (PRV) infection, African swine 
fever virus (ASFV), porcine circovirus type 2 (PCV2), and porcine parvovirus (PPV) 
and in humans, diseases such as hepatitis E (9). 

CSFV infects both domestic swine and wild boars and can be transmitted 
from wild boars to domestic pigs and vice versa (4,9). CSFV is transmitted primarily 
via the oronasal route by direct or indirect contact with infected domestic pigs or 
wild boars or via the oral route by ingestion of contaminated foodstuffs (5, 9). 

PRRSV causes arguably the most economically significant disease facing 
the global swine industry today. (9) Antibodies to PRRSV have been detected in 
wild boar in some countries (table 1), although others failed to detect PRRSV 
antibodies in wild boars (9). 
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Knowing the cynegetic animals disease and possibility of prevention and 
control is required to reduce the obviously the maintenance or expansion of many 
diseases, of which some are common and livestock. Wild boars infected by these 
zoonotic viruses have the potential to transmit to humans in close contact. 
Seroepidemiological studies demonstrated that swine HEV is ubiquitous in pigs in 
many other developing and industrialized countries (Japan, Germany, Italy, Spain, 
Australia, SUA), indicating that swine HEV infection in pigs is common worldwide 
(9,10,11,12,19). The first animal strain was isolated from pigs in the USA (10). In a 
study performed in Romania, of 110 blood samples from wild boar, 4.54% were 
positive for HEV (2). These date prove that wild boar are infected with hepatitis E, 
although in much smaller proportion than domestic pigs, but it is certain that in the 
phase of viremia represent a souse of infection for other animals and humans.(2) 
HEV is transmitted primarily through the faecal–oral route, and contaminated water 
or water supplies are the main sources of infection. The mortality caused by HEV is 
generally low (less than 1%), but 28 per cent was reported in infected pregnant 
women (9,12) In Japan, human hepatitis E virus (HEV) infections have been traced 
to venison (8) In Romania, following serological testing of 45 human samples from 
Botosani Country, were found four positive samples representing 8,88%. 
Investigations conducted in pigs in Botosani Country shows a prevalence of HEV 
infection of 16.94% in households and 41.93% in farms (2). 

 
Materials and methods 

 
Sampling and transport of samples was made in accordance with obligations 

Commission Decision 2002/106/EC. Blood samples (from inside the chest or heart) 
were collected after the shooting of the animal. Serologic testing was performed 
using ELISA kits. 

Screening for swine was made in 2009 on 1051 serum samples and in 2010 
the 908 serum samples. For detection of specific antibodies - classical swine fever 
virus in serum or plasma was used Classical Swine Fever Virus Antibody Test kit 
(HerdCheck – IDEXX), a variant of blocking ELISA; The assay is an ELISA 
blocking, using microplates coated with the antigen. The antibodies present in the 
test sample will block the binding of monoclonal antibodies conjugated anti - CSFV 
horseradish peroxidase. The monoclonal antibodies bound to the substrate are 
detected by a horseradish peroxidase reagent. 

 For highlighting PRRS antibodies was used HerdCheck kit produced by 
IDEXX PRRS X3. It is an enzyme immunoassay-based test that identifies the 
presence of IgG antibodies in serum or plasma samples from pigs. This kit comes 
with microtiter plate coated with recombinant antigens PRRS. 

 For detection of anti-HEV antibodies in serum samples, ELISA kit was 
used PrioCheck HEV Ab porcine (Mikrogen GmbH, Neuried, Germany) that has 
shown a sensitivity of 91.0 % and a specificity of 94.0 %. Is a reliable and fast 
diagnostic test for monitoring and surveillance of Hepatitis E virus in pig herds and 
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that is based on HEV genotype 1 and 3 antigens. The use of genotype 3 antigens – 
the HEV genotype that has actually been demonstrated to infect pigs – significantly 
enhances the specificity and sensitivity of the test. 
 

Results and discussions 
 
The situation of classical swine fever in wild boar in Romania was not 

relevant in recent years, and epidemiological correlations between classical swine 
fever in wild boar and domestic pigs identified outbreaks were not fully investigated, 
while the evolution of classical swine fever in domestic swine may be considered 
endemic. Since 2008, with the approval of European Commission, Romania has 
elaborated programs for monitoring, control and eradication of CSF in wild boar 
through the vaccination. In this period samples have been taken for serological 
examination. Our assessment was made for 2008-2009. 

In 2009, there were 525 samples tested, 10 hunting funds, of these 19 
(3.6%) samples were positive for anti Atc CSFV, and 506 (96.3%) samples were 
negative (fig.1). 

In 2010have been tested 454 samples from 13 hunting, of which 22 (4.8%) 
samples were positive for anti Atc CSFV, and 432 (95.1%) were negative.  

The distribution of the 19 positive samples in 2009, of the 10 hunting was:: 
1 Măgura Tisău, 2 in Monteoru, 4 in Brăieşti, 3 in Umbrărelu, 4 in Berca, 1 in 
Pătârlagele, 1 in Siriu, 1 in Harţagu, 1 in Piciorul Caprei and 1 in Săgeata. 

The distribution of the 22 positive samples in 2010, of the 13 hunting was: 
1 in Grăjdana, 1 in Brăieşti, 3 in Umbrărelu, 1 in Pătârlagele, 2 in Colţi, 2 in Valea 
Nehoiului, 2 in Basca Mare, 2 in Piciorul Caprei, 1 in Nehorna Muşa, 2 in Beceni, 2 
în Aldeni, 1 in Cilnău and 2 in Făgetu (table 1). 

It can be observed therefore that the positive samples were identified in 2 
consecutive years, on the same 4 hunting: Braiesti, Umbrărelu, Patarlagele and 
Piciorul Caprei. The rest of positive samples were identified only in a single year 
2009 or 2010, various hunting. 

The presence positive samples in this period and in this region is due to 
Atc anti CSFV post vaccine as a result of previous vaccinations imposed by the 
national program. There is no sufficient scientific evidence that vaccination alone 
leads to eradication, however vaccination represents a potential tool to control the 
spreading and intensity of infection under certain circumstancies. Therefore one 
isolated vaccination campaign cannot increase population immunity adequately in 
order to control CSF. Furthemore theoretical approaches suggest that one isolated 
vaccination campaign would even aggravate the persistence of CSF (EFSA). 
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Table 1 
Serological surveillance PPC wild boars in Buzau County in 2009 and 2010 

 
No. 

 
Hunting fund 

serologic diagnosis by ELISA 
 2009 2010……………………….. 

No. of 
assessed 
samples 

No. of assessed 
samples, with 

negative results 

No. of samples 
assessed, with 
positive results 

No. of 
assessed 
samples 

No. of assessed 
samples, with 

negative results 

No. of samples 
assessed, with 
positive results 

1. FV 1 C A ROSETTI 7 7 0 3 3 0 

2. FV 3 RUSETU 9 9 0 9 9 0 

3. FV 6 SCUTELNICI 0 0 0 0 0 0 

4. FV 4 CALDARASTI 0 0 0 0 0 0 

5. FV 7 MITROPOLIA 1 1 0 0 0 0 

6. FV 10 FLORICA 2 2 0 0 0 0 

7. FV 11 GL.SARAT 1 1 0 2 2 0 

8. FV 12 MIHAILESTI 8 8 0 7 7 0 

9. FV 13 NAIENI 2 2 0 3 3 0 

10. FV 14 COSTESTI 3 3 0 8 8 0 

11. FV 15 LIMPEZIS 2 2 0 0 0 0 

12. FV 18 TABARASTI 8 8 0 4 4 0 

13. FV 19 STALPU 2 2 0 2 2 0 

14. FV 20 MONTEORU 9 7 2 13 13 0 

15. FV 21 GURA SARATII 9 9 0 16 16 0 

16. FV 22MAGURA TISAU 11 10 1 5 5 0 

17. FV 23 GRAJDANA 11 11 0 14 13 1 

18. FV 24 RUSAVATU 24 24 0 22 22 0 

19. FV 25 BRAIESTI 17 13 4 11 10 1 

20. FV 26 UMBRARELU 33 30 3 36 33 3 

21. FV 27 BERCA 41 37 4 20 20 0 

22. FV 28 CISLAU 15 15 0 14 14 0 

23. FV 29 CATINA 10 10 0 5 5 0 

24. FV 30 PATARLAGELE 19 18 1 3 2 1 

25. FV 31 COLTI 26 26 0 26 24 2 

26. FV 32 VALEA 
NEHOIULUI 

3 3 0 10 8 2 

27. FV 33 SIRIU 4 3 1 6 6 0 

28. FV 34 HARTAGU 7 6 1 7 7 0 

29. FV 35 PALTINIS 
CASOCA 

16 16 0 3 3 0 

30. FV 36 BASCA MARE 13 13 0 21 19 2 

31. FV 37 PICIORUL 
CAPREI 

20 19 1 13 11 2 

32. FV 38 NEHORNA 
MUSA 

4 4 0 7 6 1 

33. FV 39 BREAZAU 21 21 0 22 22 0 

34. FV 40 VINTILA VODA 23 23 0 12 12 0 

35. FV 41 BECENI 43 43 0 26 24 2 

36. FV 42 ALDENI 26 26 0 27 25 2 

37. FV 43 MARACINENI 5 5 0 2 2 0 

38. FV 44 CALNAU 26 26 0 32 31 1 

39. FV 45 DEDULESTI 8 8 0 9 9 0 

40. FV 46 FAGETU 5 5 0 6 4 2 

41. FV 47 CRANGUL 
URSULUI 

6 6 0 0 0 0 

42. FV 51 AMARA 0 0 0 1 1 0 

43. FV 57 ZARNESTI 6 6 0 9 9 0 

44. FV 58 OREAVU 7 7 0 10 10 0 

45. FV 54 SAGEATA 6 5 1 3 3  

46. FV 5 PADINA 0 0 0 1 1 0 

47. FV CALAUZA COZIENI 3 3 0 0 0 0 

48. AJVPS BRADU 3 3 0 0 0 0 

49. FV 52 ZIDURI 0 0 0 0 0 0 

50. O.S. NEHOIASU 0 0 0 4 4 0 

 TOTAL 525 506 19 454 432 22 
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Fig. 1. PPC seroprevalence in wild boar in Buzau County in 2009-2010 

 
Serological testing of samples for the detection of anti PRRS atc 

highlighted a the high prevalence compared with other studies in this area. 
Of the 79 blood samples collected from wild boar hunting in 9 funds in 

2011, 21 samples (26.5%) were positive for respiratory syndrome virus and porcine 
reproduction and 58 samples (73.4% ) were negative (fig.2). 

 
Fig. 2. PRRS seroprevalence in wild boar in Buzau County from 2011 

 
Distribution of positive samples from 9 hunting is this: 5 positive samples in 

Berca, 4 in Umbrărelu, 3 in Căldărăşti, 2 in Beceni, 2 in Vintilă Vodă, 2 in Cilnău, 1 
in Breazău, 1 in Colţi and 1 in Harţagu. 

Our study has identified a higher seroprevalence of 25.5% compared with 
the results obtained in Europe.In Wild boar antibodies to PRRSV were found only 
in 0.3-3.6% of cases in the USA, France and Germany. (1,13, 15) Only one serum 
sample from a wild boar was found positive for PRRSV antibodies in Poland. (18) 
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Also, In spite of the fact that PRRSV is actively circulating in domestic swine of 
Lithuania, the seroprevalence in wild boars was only 6.5 %.(17) Interestingly, in 
neighboring countries PRRSV antibodies in feral pigs were not detected. Tests of 
blood sera from Wild boar in Spain, Croatia and Slovenia were negative ( 14, 20, 
21, 23) In spite of wide spread of PRRSV among domestic pigs in Russia, including 
regions of sample collection for the given examination all tested sera from Wild 
boar were negative. (7) 

 Hepatitis C is a disease for which the estimates are not at all encouraging. 
In our study, in 2011, the prevalence of HEV was found to be 32.05 % among wild 
boar (fig.3).  

 
Fig. 3. HEV seroprevalence in wild boar in Buzau County from 2011 

 
The distribution of positive samples in the hunting was next: 5 samples in 

Harţagu, 3 in Berca, 2 in Aldeni, 2 in Pătârlagele, 2 in Beceni, 2 in Cilnău, 2 in 
Vintilă Vodă, 1 in Glodeanu Sărat, 1 in Făgetu, 1 in Oreavu, 1 in Piciorul Caprei, 1 
in Tătărăşti, 1 in Zărneşti and 1 in Scutelnici (table 2). 

In Europe, hepatitis E, evolving sporadic endemic in humans and pigs. The 
results obtained indicate that wild pigs are carriers of hepatitis E virus and can be a 
source of infection for domestic pigs and humans. In 2010 Anita Adriana 
establishes a prevalence of 4.54% (5 of 110 positive samples examined) in wild 
boar in Iasi and Suceava. Hepatitis E virus (HEV) is responsible for sporadic acute 
hepatitis to humans, and infection is acquired through ingestion of contaminated 
food (2). 

Numerous studies show that wild boar HEV virus seroprevalence is lower 
compared to domestic pigs, however, and these have an important role in 
spreading the disease (3, 12, 16, 22). 

These studies indicate an active circulation of HEV in the wild boar 
populations and suggest considering the zoonotic risk in handling and eating meat 
from this animal. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 

 

 26 
 

 

Table 2 
Distribution of positive samples in hunting funds 
 HUNTING FUND NO. OF POSITIVE 

SAMPLES 

1 HARŢAGU 5 

2 BERCA 3 

3 ALDENI 2 

4 PĂTÂRLAGELE 2 

5 BECENI 2 

6 CILNĂU 2 

7 VINTILĂ VODĂ 2 

8 GLODEANU SĂRAT 1 

9 FĂGETU 1 

10 OREAVU 1 

11 PICIORUL CAPREI 1 

12 TĂBĂRĂŞTI 1 

13 ZĂRNEŞTI 1 

14 SCUTELNICI 1 

TOTAL OF POSITIVE SAMPLES 25 

 
Detection of the virus in wild boar and other wild and domestic animals 

indicate a potential role in the emergence of this zoonotic animal reservoir. 
Provided data on risk factors for these interactions could help the risk-based 
implementation of protection measures specifically for piggeries. 
 

Conclusions 
 

Because of varied habitat conditions in which wild boars live, the possibility 
of contamination with various viral and bacterial agents is very high. 

Detection of antibodies against CSFV at wild boars, using ELISA kits, was 
identified with seroprevalence of 3.6% in 2009 and 4.8% in 2010. 

The presence positive samples in this period and in this region is due to Ab 
anti CSFV post vaccine as a result of previous vaccinations imposed by the 
national program. 

Detection of antibodies against PRRSV at wild boars, using ELISA kits was 
identified with seroprevalence of 26.5% in 2011. 

Detection of antibodies against HEV at wild boars, using Elisa kits was 
identified with seroprevalence of 32.5% in 2011. 

It can be appreciated the fact that competitive ELISA assay is highly 
sensitive and specific, therefore is proper for screening serological surveillance. 

This study demonstrated presence of PRRSV and HEV in Romania wild 
boars. 
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Summary 

 
Staphylococcal infections are common in small ruminants and are represented by 

localized infections of the skin, hooves and mammary gland.  
The pathological samples for bacteriological examination were taken from a total of 

37 sheeps and goats with different lesions and the primary inseminations were made on 
agar with 5% sheep defibrinated blood. Biochemical properties were revealed by API Staph 
system. The isolates were tested against novobiocin and methicillin using the Kirby-Bauer 
method with biodiscs. 

37 strains of staphylococci were isolated and included in S. aureus subsp. aureus 
species (32 strains) and in S. xylosus species (5 strains). 

16 methicillin-resistant strains were identified that belong to those two staphylococci 
species, confirming thus the epidemiological circuit of these strains also in small ruminants. 

Key words: S. aureus subsp. aureus, S. xylosus, small ruminants.  
 

Staphylococcal infections are common in small ruminants and are 
represented by localized infections of the skin, hooves and mammary gland. These 
infections are caused by S. aureus. subsp. aureus and less often by other 
staphylococci species (1,5) . 

These infections have a variable clinical evolution and the staphylococci 
strains that produce them have a complex epidemiological circuit, some of which 
are pathogenic for humans, too (4,5). 

In the last years, there have also been isolated, from small ruminants, 
methicillin-resistant strains of staphylococci, which proves their intra and 
interspecific movement and that the occurence of methicillin resistance represents 
a remarkable zoonotic risk (3,4). 

The research was made in order to identify and characterize phenotypically 
the strains of staphylococci isolated from small ruminants. 

 
Materials and methods 

 
The pathological samples for bacteriological examination were taken from 

a total of 37 sheeps and goats with different lesions and the primary inseminations 
were made on agar with 5% sheep defibrinated blood. 

mailto:bucur_iulia@ymail.com


LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 

 

 30 
 

 

The isolated strains were sorted based on cultural, morphological and 
tinctorial characters. 

The clumping factor was revealed by Prolex Staph Latex fast kit, mannitol 
fermentation was tested on Chapmann medium and the biochemical properties 
were revealed by API Staph system. (2) 

After the final biochemical identification, the isolates were tested against 
novobiocin and methicillin using the Kirby-Bauer method with biodiscs. (2) 

 
Results and discussions 

 
After the primary insemination from the pathological samples, 37 strains 

were isolated of which 32 strains formed yellow colonies and produced β-
haemolysis while 5 strains formed white unhaemolytic colonies. All strains were 
Gram positive and on the bacterioscopic examination, the bacterial cells were 
grouped in clusters and, rarely, in pairs. 

These preliminary tests showed that bacterial strains with cultural, 
morphological and tinctorial features typical for staphylococci were isolated from 
samples of pathological material taken from sheep and goats with different lesions. 

The isolated strains fermented the mannitol and produced clumping factor, 
and with API Staph system were standardized and included in the following 
species: S. aureus subsp. aureus and S. xylosus. All the strains standardized and 
included in these species were susceptible to novobiocin, and a total of 21 strains 
were methicillin-resistant, 16 of S. aureus subsp.. aureus and 5 of S. xylosus. 

The methodology used for phenotypic characterization of staphylococci 
isolated from small ruminants is fast and can be taken in routine diagnosis. 
Staphylococcal strains, phenotypically classified in those two species, were 
isolated from sheeps and goats, most of them belonging to S. aureus subsp. 
aureus species.  

The strains included in S. xylosus species are ubiquitous and less 
pathogenic in small ruminants (5). 

The strains of S. aureus subsp. aureus were isolated from mammary and 
hooves infections, but also from the skin without problems. 

Identification of methicillin-resistant strains demonstrates the porting of 
mec gene, but also a complex epidemiological circuit of these strains, which was 
demonstrated by several researchers. 

 
Conclusions 

 
37 strains of staphylococci were isolated by the used methodology, which 

based on the phenotypic characters were included in S. aureus subsp. aureus 
species (32 strains) and in S. xylosus species (5 strains). 
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The isolated strains were susceptible to novobiocin, a constant character 
that differentiates the Staphylococcus genus from Micrococcus and Streptococcus 
genus. 

16 methicillin-resistant strains were identified that belong to those two 
staphylococci species, confirming thus the epidemiological circuit of these strains 
also in small ruminants. 
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Summary 
 

Dogs have frequently infections with coagulase-positive and coagulase-negative 
staphylococci with different locations.  

A total of 49 samples consisting of pathological skin, auricular and genital 
secretions were bacteriologically examined using standard methodology. 

The isolates were tested by disk diffusion Kirby-Bauer method, on which was used 
biodiscs with 19 antibiotics from different groups. 

The staphylococci strains isolated from dogs included in Intermedius Group were 
susceptible to the antibiotics rarely or not used in the therapy of diseases in this species. 

The isolates were methicillin-resistant strains, thus emphasizing the movement of 
these strains in the canine population, confirming the zoonotic risk of these strains. 

After this study several resistant phenotypes of staphylococci strains included in 
Intermedius Group were identified, whose frequency was variable. 

Key words: antibiotic resistance, Grup Intermedius, methicillin-resistant 

 

Dogs have frequently infections with coagulase-positive and coagulase-
negative staphylococci with different locations. Most common are the Intermedius 
Group staphylococci, including S. intermedius and S. pseudintermedius. They are 
coagulase-negative staphylococci and are part of the resident flora of the dogs (6). 

Staphylococci in this group have also been found to pathogens for other 
animal species, including humans, and methicillin-resistant strains are considered 
as zoonotic risk strains, regardless of the species to which they belong (3,5). 

The research followed the frequency of resistant phenotypes of 
staphylococcal strains to antibiotics, included in this group, isolated from dogs with 
various diseases. 

 
Materials and methods 

 
A total of 49 samples consisting of pathological skin, auricular and genital 

secretions were taken from dogs with various diseases. The primary inseminations 
were made on agar with 5% defibrinated sheep blood and the isolated strains were 
initially sorted based on cultural, morphological and tinctorial characters.  

mailto:bucur_iulia@ymail.com


LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 
 

 33 
 

Isolated and purified staphylococcal strains were biochemically tested on 
Chapmann medium, on Difco agar with maltose, pH indicator and, finally, through 
the API Staph system. 

The examined pathogenic factors were represented by hemolysins and 
clumping factor (4). 

The isolates were tested by disk diffusion Kirby-Bauer method, on which 
were used biodiscs with 18 antibiotics from different groups (Table 1) and the 
results were interpreted according to the CLSI Standard (1). 

 
Results and discussions 

 
 The bacteriological examination performed by the described methodology 
allowed the isolation of 45 strains included in Intermedius Group based on the main 
phenotypic tested characters. 

The strains of staphylococci unexposed to the pressure of antibiotics are 
susceptible to these substances, while the strains isolated from dogs with various 
conditions, under the pressure of antibiotics, due to therapy, may exhibit the 
occurrence of multiple resistance. 
 The results obtained by testing the susceptibility to antibiotics of 
staphylococcal strains isolated from dogs are shown in Table 1. 

Resistant phenotypes and the frequency of methicillin-resistant and 
cefoxitin-resistant strains were pursued at a total of 44 staphylococcal strains, 
using 19 antibiotics (Table 1). 

 
Table 1 

Staphylococci resistant phenotypes isolated from dogs 

No. Antibiotic 

Antibiogram results 
Total 

strains 
Susceptible Intermediary Resistant 

No. % No. % No. % 

1 Methicillin 35 79.5 2 4.5 7 15.9 44 

2 
Ampicillin / 
Sulbactan 

44 100 - - - - 44 

3 
Amoxicillin / 
Clavulanic 

acid 
8 18.18 30 68.18 6 13.63 44 

4 Ceftioxone 43 97.72 - - 1 2.72 44 

5 Cefoxitin 36 81.81 8 18.18 - - 44 

6 Cefaclor 36 81.81 8 18.18 - - 44 

7 Cefuroxime - - 36 81.81 8 18.18 44 

8 Erythromycin 5 11.3 6 13.6 33 75 44 

9 Lincomycin 6 13.6 6 13.6 32 72.72 44 

10 Rifampicin 8 18.18 36 81.81 - - 44 

11 Gentamicin 7 15.9 37 84 - - 44 

12 Kanamycin - - 36 81.81 8 18.18 44 

13 Tetracycline 2 4.5 9 20.4 33 75 44 

14 Doxycycline - - 36 81.81 8 18.18 44 

15 Ciprofloxacin 43 97.7 - - 1 2.27 44 
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16 Vancomycin 8 18.18 36 81.81 - - 44 

17 Polymyxin B - - 8 18.18 36 81.81 44 

18 Novobiocin 5 11.3 39 88.6 - - 44 

19 Pristinamycin 36 81.81 8 18.18 - - 44 

 
Analyzing the results from the table it can be seen that the rate of resistant 

phenotypes was variable depending on the groups of antibiotics. 
Against the β–lactam group used (methicillin, ceftioxone, cefoxitin, cefaclor, 

ampicillin with sulbactan and amoxicillin with clavulanic acid) antibiotic susceptibility 
was highest to ampicillin, followed by cefuroxime, cefaclor, cefoxitin, methicillin and 
minimum to ceftioxone. 

Intermediary antibiotic susceptibility was to ceftioxone and amoxicillin with 
clavulanic acid, and antibiotic resistance was shown to cefuroxime, amoxicillin with 
clavulanic acid and methicillin and absent to cefoxitin, cefaclor and ampicillin with 
sulbactan.  

The various behaviour of the strains, tested to this group of antibiotics, is 
influenced, in dogs, by use of antibiotics mentioned in therapy, some of which are 
being used only for humans. 

CHROBAK and col. notify similar results, observing that the staphylococci 
from Intermedius Group were resistant, in high proportions, to amoxicillin with 

clavulanic acid, ciprofloxacin, clindamycin and gentamicin. 
The occurrence of antibiotic resistance in β-lactam group is based on 

genetic determinants located in plasmids and chromosomes, which governs the 
synthesis of β-lactamases with large spectrum, that provides, thus, the 
staphylococci resistance.  

Analyzing the results it can be observed that at the tested strains, 
methicillin resistance was of 15.9% and to cefoxitin resistant strains were not 
found. 

The resistance to methicillin is governed by mec gene and transmitted by R 
plasmid, also having a common pattern to other β-lactams, therefore, oxacillin and 
cefoxitin can also be used for testing the presence of methicillin resistance in 
staphylococci, regardless of species or coagulase activity (5). 

For this reason, methicillin-resistant strains of staphylococci are considered 
strains with high zoonotic risk, that have a complex circuit, which is human-animal-
human. 

Against aminoglycosides used (gentamicin and kanamycin) antibiotic 
resistance was between 15.9% and 18.18%. Only these two antibiotics were used 
for testing, because in dogs aminoglycosides are rarely used, sometimes being 
used even products for humans, which may explain the high proportion of strains 
with intermediary behaviour. 

The antibiotic resistance to this group of antibiotics is determined by a 
gene located plasmidic or chromosomal, responsible for the synthesis of 
aminoglycoside acetyl transferase, enzyme that induces the resistance, which 
explains the behaviour of isolated strains. 
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The resistance to macrolides (erythromycin) was of 75%, also indicating an 
inducible resistance to macrolides with 14 atoms that can be used in dogs, other 
animals and humans. 

The resistance to tetracyclines was of 75% to tetracycline and 18.18% to 
doxycycline, procedure that can be explained by the fact that the doxycycline is 
less used in dogs. 

Resistance to tetracycline group is governed by the tet gene present in the 
plasmid and the chromosomal genetic material and is common to all antibiotics of 
this group. 

The resistance to fluoroquinolones, at the staphylococci isolated from 
dogs, it is rarely indicated, as this group of antibiotics gives various side effects to 
this species. Resistance was tested only to ciprofloxacin, which was in a proportion 
of 2.27%. 

The resistance to lincomycin was of 72.72%, to polymyxin was of 81.81% 
and to vancomycin was absent. This behaviour is difficult to explain because these 
antibiotics are rarely used in dogs. 

In case of novobiocin, rifampicin and pristinamycin, considered to be the 
elective antibiotics for staphylococci, there was no antibiotic resistance to the 
isolated and tested strains. This suggests that, in veterinary therapy, these three 
antibiotics are not used, but represents a kit for staphylococci in human pathology. 

In case of staphylococci, the increase of resistance to various antibiotics is 
a consequence of the abuse in treatment of diseases in dogs, or of dog 
contamination with strains of human origin (from hospital). 

As a result of testing the staphylococcal strains isolated from dogs to 19 
antibiotics, there were identified methicillin-resistant strains and more resistant 

phenotypes to the groups of antibiotics used in the form of biodiscs. 
 

Conclusions 
 

The staphylococci strains isolated from dogs included in Intermedius Group 
were susceptible to the antibiotics rarely or not used in the therapy of diseases in 
this species. 

The isolates were methicillin-resistant strains, thus emphasizing the 
movement of these strains in the canine population, confirming the zoonotic risk of 
these strains. 

After this study several resistant phenotypes of staphylococci strains 
included in Intermedius Group were identified, whose frequency was variable. 
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Summary 

 
Infection with Salmonella spp. in pigs farms is usually endemic and mostly 

asymptomatic. This study reveals the carrier status on the process flow in a closed circuit 
farm, through: faecal samples from pregnant sows, sows and their piglets, piglets at 
weaning; youth and pigs for fattening, before slaughter. We have compared the results 
depending on the mode and time of decontamination.Identification and isolation of 
Salmonella was performed by the method: EN ISO 6579:2002. 

Prevalence of Salmonella spp. after examination (n = 110) of stool samples was 
44% in sows and their piglets, observing a slight growth in piglets after weaning (55%) and 
fattening pigs (66%). After the proper decontamination, prevalence decrease to 16% in sows 
and piglets and at the piglets after weaning and fattening pigs was of 33%, and 20%.  

Key words: Salmonella, disinfection, carrier state. 

 
It has been well documented that Salmonella species are one of the major 

causes of foodborne diseases in the US and worldwide (15, 18). In the US alone, it 
is estimated that 1,027 million nontyphoidal Salmonella human infections result in 
19,336 hospitalizations and 378 deaths annually (15), costing $ 365 billion in direct 
medical expenditures per year (18). Swine are a potential reservoir for human 
salmonellosis. The most common serotypes isolated in swine (S. Typhimurium, S. 
Heidelberg, S. Agona, and S. Infantis) are common to those found in human cases 
(18). It has been suggested that reduction of Salmonella contamination of pork 
requires interventions at three levels: preharvest (farm), harvest (slaughter) and 
postharvest (distribution systems and consumer handling) (10). In order to put in 
place on farm control and intervention measures it is crucial to understand 
Salmonella infection dynamics in swine.  

A large number of epidemiological studies have been conducted to 
determine prevalence and risk factors for Salmonella infection in swine. Most of 
these studies have used a crosssectional study design. A limited number have 
assessed the fecal prevalence over time, with longitudinal studies showing high 
variability in Salmonella shedding at the farm, cohort and individual animal level (1, 
6, 8, 13). Longitudinal studies at the pig level during the finishing phase have 
reported time variability of fecal shedding associated with cohort (or batch) of pigs 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 

 

 38 
 

 

(1, 6, 8, 13). Intermittent fecal shedding is also commonly reported in 
epidemiological studies of swine (1, 8, 13).  

Therefore, longitudinal studies at the individual level based on 
bacteriological culture should be performed in order to investigate the dynamics of 
Salmonella infection in swine  

Identification of carrier status of pigs is an important factor on the dynamics 
of salmonella, to implement specific programs to prevent animals contamination to 
get free Salmonella carcase.  

 
Materials and methods 

 
The study was conducted between September 2013 and February 2014 in 

a closed circuit farm (breeding, nursery, finishing). We followed 110 pigs at every 
stage, from birth to finish by harvesting 110 random samples of faeces, following 
the same animals. Before population samples of sanitation was taken (n = 110), 
and after population samples were take from the surface of animals skin. 

Samples were analyzed in the laboratory of Hygiene and analyzed using 
the method EN ISO 6579:2002. 

 
Results and discussions 

 
After analyzing samples from sows and from piglets to weaning it was 

found a prevalence of 44% positive samples, in piglets after weaning, there was an 
increase of the prevalence of Salmonella spp. to 55%, and at finished pigs it was 
found an increase of positive samples by 11%, reaching in the end at 66% positive 
samples (figure 1).  

Based on these results and on the analysis of the situation were colected 
samples of sanitation before populating and it was establish the following:  
 reduction of Salmonella microorganism with 28% at sows and piglets; 
 reduction to 33% for the  piglets after weaning; 
 a 20% decrease in fat swine, before slaughter. 

The results were similar to those in the literature, which highlighted the role 
of sows as a possible source of infection of piglets (4, 9).  

Sows without clinical signs, but Salmonella spp. carrier, is a hidden risk 
factor, but substantial for the pigs in the same herd. Therefore it can lead to the 
spread of Salmonella in other herds, consisting of piglets from these sows.  

After this study made by Beloeil et al. (1), the authors observed increased 
excretion of Salmonella spp. microorganisms at sows around farrowing and during 
lactation (19), leading to contamination of piglets during lactation (1). 
Contamination after weaning is due to the increased susceptibility to infection with 
Salmonella spp. because of weaning stress, piglets allotments and not at least they 
way of how the decontamination is made (6, 8, 12, 19).  
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Fig. 1. Desinfection role over Salmonella  

 
In a review by Fosse et al. (5), clean downtime (‗empty and clean‘) periods 

of less than three, six and seven days in fattening, farrowing and postweaning 
stages, respectively, were associated with higher risk of presence of Salmonella 
(5).  

Although it is generally accepted that cleaning and disinfection of the 
facilities and equipment decreases Salmonella environmental contamination; those 
practices have been inconsistently associated with a decrease in Salmonella 
prevalence on swine farms (5). On one hand, a higher risk for Salmonella and other 
enteric diseases in the absence of disinfection of the farrowing rooms or between 
batches of pigs, respectively, was observed (3). In addition, disinfection between 
batches was associated with lower seroprevalence in Belgium market pigs (7). On 
the other hand, a study of 80 Ontario farms found that the increased frequency of 
disinfection and washing with cold water were positively associated with 
Salmonella positivity measured by bacteriological culture at the farm and pen level 
(14).  

Identical findings were reported by van der Wolf et al. (2001); the omission 
of disinfection of the rooms after pressure washing, was associated with lower 
Salmonella seroprevalence (16). In contrast, in 89 Alberta swine finishing farms, no 
significant difference in Salmonella shedding was observed among farms that did 
not clean or only scraped the pens or used pressure washing with or without 
disinfection between batches. 

Although the findings are contradictory, it is well known that the cleaning 
and disinfection of the barn can reduce the Salmonella contamination level, but 
does not completely eliminate it. Several studies have shown residual Salmonella 
postdisinfection of barns and trucks (6, 11, 17). In fact, residual environmental 
Salmonella contamination of the room was identified as a risk factor for Salmonella 
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status of fattening pigs (2). In addition, differential efficacy of cleaning and 
disinfection protocols have been reported (11); disinfectants and increased 
antimicrobial Salmonella resistance has been described when certain biocides 
were applied in swine barns (17). Further information is needed to evaluate the 
efficacy of cleaning and disinfection protocols practices on Salmonella control in 
swine barns  

 
Conclusions 

 
Piglets from free of salmonella sows can be contaminated after weaning 

because of failure to comply with hygiene rules. 
After the reduction of decontamination the prevalence decreased at youth 

and fat pigs. 
The failure of flow process, including the health flow leads to an increase in 

Salmonella carrier state, thus a contamination with Salmonella spp. of the 
carcases.  
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Summary 

 
In this papaer is present the result obtained by underlining the importance of the 

refrigeration role on the microbial load of pig carcasses. 
Sanitation samples were collected from the surface of 80 pigs carcass: befor 

refrigeration, after the fast refrigeration (-25° C) and at 24 hours post – mortem.  
The samples were examined for the total aerobic mesophilic bacteria (NTGMA) and 

for Enterobacteriaceae. The samples were analyzed in accordance with ISO 4833/2003 and 
ISO 21528-2/2007. 

Befor the refrigeration stage the NTGMA ranged between 4 and 5 log cgu/cm
2
 and 

the values for the Enterobacteriaceae ranged from 2-3 log cfu/cm
2
, after the fast refrigeration 

it was notice a slight decrease in both NTGMA and Enterobacteriaceae, and finally (24 hours 
post-mortem) the decrease was higher (1-2 log cfu/cm2 respectively 0-1 log cfu/cm

2
). 

Key words: carcasses, microorganisms, refrigeration, total germs count, 

Enterobacteriaceae 

 
During the slaughtering process, microbial contamination of animal 

carcasses is unavoidable (1, 8). This phenomenon represents one of the most 
critical quality and safety issues faced by the pork industry (3). In this sense, many 
papers demonstrated the possibility of providing baseline data on the types and 
levels of bacterial contamination on carcasses, to identify potential measures which 
can be used to control the hazard during pork slaughter, and to investigate the 
effects of the main steps of the slaughter/dressing process on the prevalence of 
microorganisms during pork production (8, 9). 

Process hygiene criteria for mean log numbers of total aerobic counts and 
Enterobacteriaceae on carcasses (after dressing but before chilling) of pig and 
other animals are given in the Commission Regulation. The performance criteria for 
the mean total aerobic counts (log10 CFU/cm

2
) on pigs are: acceptable < 4.0, 

marginal 4.0–5.0 and unacceptable > 5.0 and for the mean Enterobacteriaceae 
counts (log10CFU/cm

2
) are: acceptable < 2.0, marginal 2.0–3.0 and unacceptable > 

3.0 (10, 11). 
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The purpose of chilling is to remove heat from the carcass. This is 
accomplished by transferring heat from the carcass to the atmosphere or to 
another material. In order to be effective in meat products, heat transfer needs to 
be done quickly. This is important because the temperature of the carcass, the time 
it takes for the carcass to chill and the rate of pH decline must all be taken into 
consideration. All these factors affect pork quality. Furthermore, an increase in 
shelf life and safety of meat can be accomplished by chilling (5). 

The purpose of this study was to determine the effect of the refrigeration on 
the level of contamination of carcasses using as indicators NTGMA and 
Enterobacteriaceae. 

 
Materials and methods  

 
Sanitation samples were collected from the surface of 80 pig carcasses 

before the cooling step, after the step of rapid cooling to -25°C in one hour and 45 
minutes, respectively after 24 hours of the animal slaughter (post-mortem) at 2-
4°C.  

The samples were collected according to ISO 17604/2007, analyzed 
according to SR ISO 4833/2003, incubation was at 30°C for 72 h and SR ISO 
21528-2/2007, incubation was at 37°C for 24 h. 

 
Results and discussions 

 
Before the quick refrigeration NTGMA was between 4 and 5 log cfu/cm

2
 

and Enterobacteriaceae levels varied between 2 and 3 log cfu/cm
2
 (results 

accepted by Commission Regulation (EC) No 2073/2005).  
After quick chilling to -25°C for one hour and 45 minutes it was notice a 

slight reduction of the microbial load of the preceding stage where NTGMA 
decreased by 1 log cfu/cm

2
 and the level of Enterobacteriaceae varied between 1 

and 2 log cfu/cm
2
.  

After 24 hours from the slaughter at 2-4°C, the microbial load decreases 
both for the NTGMA and Enterobacteriaceae, where it was notice a variation of 1-2 
log cfu/cm

2
 for NTGMA, and regarding the level of Enterobacteriaceae, 50% of the 

carcasses examined were negative, and the rest had a reduced load, 1 log cfu/cm
2
 

(fig. 1).  
The total aerobic are used to assess the hygienic status of fresh meat 

carcasses, using the performance criteria set down in EC Commission Decision 
2001/471/EC (10) and Commission Regulation (EC) No 2073/2005 (11). Reports 
on the effects of rapid chilling on the microbiological quality of pork have been 
inconclusive (2). In agreement with this study, some researchers (7) found no effect 
of rapid chilling of pork carcasses on total aerobic counts. Applying lower rapid 
chilling rates (at minimum –21.9°C for 70 min and then at 5°C for 24 h) than those 
used in the present study, Nesbakken et al. (2008) did not find a significant 
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decrease in the number of aerobic microorganisms (7). However, Chang et al. 
(2003) reported that lower rapid chilling rates (at –20°C for 3 h and then at 4°C for 
21 h) than those used in the present study resulted in a significant reduction of 
mesophilic aerobic bacteria after rapid chilling of pork carcasses (2). 

 

 
Fig. 1. The presence of Enterobacteriaceae and NTGMA on the  

surface of carcasses 
 

The Enterobacteriaceae are used to assess the hygienic status of fresh 
meat carcasses, using the performance criteria set down in EC Commission 
Decision 2001/471/EC (10) and Commission Regulation (EC) No 2073/2005 (11) 
as the presence of Enterobacteriaceae on carcasses is synonymous with faecal 
contamination (4). The existing information in available scientific literature related to 
the effect of the rapid chilling on the total counts of Enterobacteriaceae in pork 
meat are very scarce. However, there are available data on the effect of rapid 
chilling of pork carcasses on the count of different members of the genera 
belonging to the Enterobacteriaceae family. Nesbakken et al. (2008) found that 
rapid chilling significantly decreased the numbers of coliform bacteria and 
Escherichia coli, but did not have a significant effect on the occurrence of Yersinia 
enterocolitica on pork carcasses (7). Rapid chilling was significantly effective in 
reducing the population of total coliform bacteria, Escherichia coli and Salmonella 
Typhimurium, especially when pork surfaces were inoculated with a high 
inoculation level (2). Generally, chilling at temperatures slightly above those 
causing ice formation or freezing of meat can injure or kill bacteria. Freezing (rapid 
chilling) may kill cells via formation of ice crystals that penetrate the cell membrane, 
resulting in the release of cellular constituents (6). 
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Conclusions 

 
Based on the results found in this study, refrigeration may reduce microbial 

load of pig carcasses.  
The use of temperature of -25°C for 1 hour and 45 minutes (fast the 

refrigeration), followed by refrigeration at 4°C for 24 hours post-mortem, had lead at 
the reduction of antimicrobial use indicators, as the NTGMA X times (1-2 log 
cfu/cm

2
) and Z number of Enterobacteriaceae times (0-1 log cfu/cm

2
) on the 

surface of pig carcasses.  
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Summary 
 

Innate immune response to bacteria infection of uterus in cow dependes on 
phagocytosis and killing of microorganismas by neutrophils, monocytes and macrophages. 
Bacteria are recognized by specific pathogen-associated molecular patterns expressed by 
„sentinel cells‖ (macrophges, dendritic cells and mast cells). Most pathogen-associated 
molecular patterns (PAMPs) are evolutionary conserved molecules like cell wall components 
and nucleic acids that are required for the function of microbes. The main families of pattern 
recognition receptors (PRRs), are Toll-like receptors (TLRs), nucleotide oligomerization 
domain (NOD)-like receptors (NLRs), retinoic acid-inducible gene I (RIG-I)-like receptors 
(RLRs) and C-type lectin receptors (CLRs).  

Following pathogen recognition, immune cells release pro-inflammatory molecules 
represented by cytokines such as tumour necrosis factor-α (TNFα), interleukins (IL-1, IL-6, 
IL-8, IL-12, IL-18) and nitric oxide. Cytokines acting as messengers between the local site of 
injury and the hepatocytes synthesising the acute phase proteins. For exemple, high levels 
of IL6 were associated with bovine endometritis, while low levels were associated with 
retention of the placenta. In adition IL-8 plays a central role for granulocyte trafficking, 
particularly for attracting neutrophils into the bovine uterus. 

Key words: cytokines, pathogen-associated molecular patterns, uterus, cow. 

 
Immune responses are mainly divided into cell-mediated and delayed-type 

hormonal responses. The cell-mediated immune response (Th type 1) accounts for 
acute cytotoxic activity, whereas the hormonal response (Th type 2) involves the 
induction of lymphocyte proliferation and antibody production before the rejection of 
foreign bodies takes place (13, 21). It is believed that the immune system is biased 
towards the Th type 2 response during pregnancy. Type 2 responses are 
associated with preferential production of the cytokines IL-4, IL-5 and IL-10, 
whereas in type 1 responses, the proinflammatory cytokines interleukin 2 (IL-2), 
interferon γ (IFN-γ) and tumour necrosis TNF-α predominate (11, 13, 21). 

Innate immune cells express various PRRs, which recognize signature 
molecules of pathogens. These signature molecules are considered to be an 
essential component for the survival of the pathogen and are known as PAMPs (9, 
21), or danger-associated molecular paterns (DAMPs) (21). PAMPs include the 
lipopolysaccharides of gram-negative bacteria, the lipoteichoic acids of gram-
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positive bacteria, the mannans of yeasts and the glycolipids of mycobacteria, as 
well as bacteria DNA (9). 

The TLR family is one of the best-characterized PRR families and is 
responsible for sensing invading pathogens outside of the cell and in intracellular 
endosomes and lysosomes (1, 4, 19, 32).  

Other PRRs are represented by nucleotide oligomerization domain (NOD)-
like receptors (NLRs), retinoic acid-inducible gene I (RIG-I)-like receptors (RLRs) 
and C-type lectin receptors (CLRs) (10, 17, 20, 32). 

 
Cytokines during the early pregnancy 
Embryonic secretion of chemokines and cytokines 
An interaction between the conceptus and the immune system is important 

during implanatation. Although the immune system is functional in the uterus and 
the bovine embryo expresses paternal major histocompatability complex (MHC) 
molecules of class I on day seven of pregnancy, the conceptus nevertheless 
escapes the baleful effect of maternal rejection (21). The conceptus can signal its 
presence to the maternal immune system through the secretion of chemokines and 
cytokines that regulate leucocyte function. Little is known about the secretion of 
such molecules during the preimplantation period. However, specific cytokines are 
produced during the periattachment period (11, 24).  

Over three decades ago, Helmer et al., cited by Chelmonska-Soyta A. 
(2002), showed that bovine conceptus secretory proteins changed prostaglandin 
metabolism in bovine endometrial explants and exerted an antiluteolytic effect in 
cyclic cows. The factor responsible for this phenomenon was previously colled 
„trophoblastin‖ but then became known as bovine trophoblast protein-1 in cattle. 
This protein is recognized as the interferon tau (IFN-τ, τ-trophoblast) and it derived 
from group I interferons (5, 35). The most spectacular example of conceptus 
cytokine secretion is the production of interferon-τ (IFNT) by the periattachment 
ruminant conceptus (2, 5, 11, 15, 35), from day ten to day 25 of pregnancy (21, 25).  

Secretion of IFNT is restricted to trophoblast; it begins as early as the 
blastocyst stage (14

th
 days of pregnancy), increases greatly when the embryo 

initiates trophoblast elongation (between days 17 and 19 of pregnancy) and then 
declines to undetectable levels by the late periattachment period (2, 11).  

Cytokines could promote IFNT production by a signal transduction pathway 
via protein kinase C

 
and protooncogenes c-fos and c-junc (5). 

The IFNT genes arose from the IFN-ω gene approximately 24-36 million 
years ago, after pecoran ruminants diverged from other mammals (5, 11). 

The concentration of IFNT is proportional to the size of the embryo. 
Although the embryos are at the same stage of pregnancy, the largest embryo 
produced more than 10-fold more IFNT than the smallest embryo (21). 

Similarity in amino acid sequences of IFNT is equal to 40–45% compared 
with IFN-α and 70–80% compared with IFN-ω (5, 11). There is a faint identity in the 
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amino acid sequence shared between IFNT and IFN-β, and no homology with IFN-
γ. The IFNT and IFN-ω genes are localized on one chromosomes: 8q15 (5). 

The existence of IFNT is restricted to the following subfamiliae: Bovidae 
(cattle, antelopes, sheep and goats), Cervidae (deer), Giraffidae (giraffe) and 
Tragulide (mouse deer), within the suborder Ruminantia (5). 

The prototypical function of IFNT is to inhibit uterine prostaglandin 
F2α (PGF2α) release and prevent luteolysis (2, 5, 11, 15, 22). Inhibition involves 
reduction in oxytocin receptor content in endometrial cells. In cattle on the 16

th
 day  

of pregnancy is observed a slight decrease in oxytocin receptor mRNA expression 
in the endometrium. There is good evidence that in cows IFNT inhibits PGF2α 
secretion independently from the oxytocine receptor (5). There is also evidence 
that IFNT inhibits expression of genes encoding for PGH synthase (PGHS) and can 
cause degradation of PGHS in the cow. In addition, IFNT has other biological 
actions that alter endometrial function. It possesses antiviral activity and is 
inhibitory to lymphocyte proliferation and stimulatory to activity of NK-like cells. 
Gene expression in endometrial epithelial cells is under broad control by IFNT (11). 

 
Cow secretion of chemokines and cytokines 
In nonpregnant cow TNF-α, stimulated by IFNT, enhanced PGF2α syntesis 

in the stromal cells but not in the epithelial cells of endometrium, suggesting that this 
cytokine locally induces autoamplification PGF2α cascade in bovine endometrium 
and initiates a positive loop between hypohysial and ovarian oxytocin and uterine 
PGF2α to complete luteolysis (22, 25, 30). The stimulatory effect of TNF-α on PGF2α 
is mediated via the activation of phospholipase A2 and arachidonic acid 
accumulation. TNF-α has been shown to induce the gene expression of COX-2 in 
bovine endometrial stromal cells and is involved in the regulation of luteotropic PGE2 
production during pregnancy and the luteal phase (22, 25). 

Endometrial epithelial and stromal cells stimulated with lipopolysaccharide 
(LPS) up-regulated inducible nitric oxide synthase and TNF-α mRNA (12). 

IFNT stimulates secretion of an 8-kDa uterine protein (P8) in the cow. After 
this protein was purified, digested and identified, it concluded that two internal 
peptides had 100% and 92% amini acid sequence identity with bovine granulocyte 
chemotactic protein-2 (bGCP-2). This protein is an α-chemokine that acts primarily 
as a potent chemoattractant for granulocyte cells of the immune system. The term 
„chemokine‖ (chemotactic cytokine) designates a large family of related 
polypeptides that directs the migration and activation of leukocytes. Chemokines 
are chemotactic and proinflammatory polypeptides that contain four conserved 
cysteine residues. They have been subdivided depending on the presece of 
absence of an intervening amino acid between the first two cysteine residues 
yielding C-X-C (α chemokine) or C-C (β chemokine) families. It is now recognized 
that these chemotactic cytokines are involved in processes like: inflammatory 
responses, angiogenesis, lymphocyte trafficking, coagulation, hematopoesis, 
wound healing, atherogenesis, anaphylaxis and malignancy (7, 12).   
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IFNT, like other type I IFNs, induces an antiviral state in target cells, but 
also has many effects that are not related to antiviral activity. These effects may be 
integral to pregnancy, an could include regulating immunocyte populations and the 
products of lymphocytes in the endometrium. For exemple, granulocyte-
macrophage colony stimulating factor-I (GM-CSF) is released by the endometrium 
in response to IFNT (5). GM-CSF promotes growth of granulocytes (chemotactic 
protein-2) and macrophages, which could be involved in remodeling of the uterine 
endometrium in preparation for implantation (5, 7). Leukocytes stimulated with 
tropoblastic IFN produced 10

3
 times more GM-CSF than endometrial cells. GM-

CSF is also, an immunotrophic factor responsible for the undisturbed conceptus 
development and maintenance of pregnancy (5). 

In ruminants, leukemia inhibitory factor (LIF) increased the viability of 
cultured ovine morule and blastocysts, promoted the development of bovine 
embryos during serum-free culture and increased the cryotolerance of bovine 
blastocysts. Basic fibroblast growth factor and cytokine LIF facilitate the 
development of morula to blastocyst, improve hatching rate, and increase the 
number of blastomeres in the inner cell mass (ICM) (1). 

Ubiquitin cross reactive protein (UCRP), also known as IFN-stimulated 
gene product 17 (ISG17), is antoher protein released in the bovine uterus on days 
15-21 of pregnancy in response to conceptus-derived IFNT (5, 15). Bovine UCRP 
retains the Leu-Arg-Gly C-terminal sequence of ubiquitin that ligates to and directs 
degradation of cytosolic proteins (2, 15). 

Bovine UCRP was found to be produced by the endometrium at times 
coincident with maximal IFNT secretion from the conceptus (2). 

Description of induction of UCRP by IFNT was the first indication that the 
ubiquitin system of protein regulation, or a closely related pathway, might be involved 
in mentenance of early pregnancy. The second indication that UCRP might regulate 
cytosolic proteins was provided after examinantion of the amino acid sequence. Also, 
ubiquitin and its conjugates are not regulated by pregnancy or IFNT but are 
consistently present at relatively high levels in bovine endometrium (15). 

Interleukines 
IL-1 is a pleiotropic cytokine that plays a critical role in the initiation of the 

inflammatory response and in many normal biological events (26, 33, 34). The IL-1 
system is composed of two bioactive ligands IL-1α and IL-1β. By stimulating 
production of prostaglandins, IL-1 affects several reproductive functions, including 
ovulation, implantation and parturition. Recently, it was raported that IL-1α 
regulates production of the prostaglandins PGE2 and PGF2α by bovine 
endometrium throughout the estrus cycle and it plays an important role not only 
maintenance of corpus luteum, but also in luteolysis (22, 33, 34). During early 
pregnancy, IFNT modulates IL-1α action and changes it toward the stimulation of 
luteotrophic PGE2 syntesis (22). IL-1β is also present in the bovine reproductive 
tract and it seems to stimulate prostaglandin synthesis in bovine endometrial cells. 
IL-1α and IL-1β stimulated plasminogen activator production in the epithelial cells, 
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but not in the stromal cells (21, 22, 34). Moreover, IL-1β inhibits growth of cultured 
endometrial stromal cells but not endometrial epithelial cells. IL-1β has been 
identified in bovine uterine flushings by ELISA, but little is known about the source 
of IL-1β or cyclic changes in its secretion (21, 26). 

The significantly lower IL-1 in the normal cows seen at 30 days postpartum 
might indicate the healthy status of the uterus and become free from infection. The 
main pro-inflammatory cytokines (IL-1 and TNF-α) stimulate the expression of IL-8  
and adhesion molecules on vascular endothelial cells, leading to neutrophil and 
monocyte chemo-attraction, and activate neutrophils and monocytes, promoting 
increased phagocytosis and bacterial killing. IL-1 increases the plasma calcium 
concentration, which stimulates myometrial contractions and the removal of debris 
from uterus. Increased serum level of IL-1 may be considered as a diagnostic tool 
for screening of endometritic cows around 4 week postpartum in a large herd (14). 

IL-2 is a pro-inflammatory cytokine. A novel finding shows that IL-2 mRNA 
was not detectable in the pregnant bovine uterus whereas it was detectable in the 
non-pregnant cows on day 16. It has been demonstrated that PGE2 inhibits the 
expression of IL-2 in bovine lympocytes and that the basal synthesis of PGE2 in the 
endometrium is stimulated by IFNT (21). 

The chemokine interleukin 8 (IL-8) is important for attracting granulocytes, 
such as macrophages and neutrophils, to sites of infection. IL-8 is a member of the 
C-X-C chemokine family and is an important chemoattractant for neutrophils 
associated with a wide variety of inflammatory diseases. IL-8 is also a key member 
for production of cytokins, phagocytosis, generation of reactive oxygene species, 
and regulation of cell survival as well as angiogenesis (7, 12, 29). 

IL-10 mRNA was not detected in the pregnant bovine uterus on day 16, but 
it‘s possible that IL-10 may be produced by either fetal or placental tissue later in 
pregnancy (21). 

Two genes that were found by Walker et al. (2010) cited by Hansen (2011), 
to be higer in pregnant cows at day 17 of pregnancy, IL7 and IL15, are involved in 
proliferation and survival of Treg cells (11). 

Leukotrienes 
Leukotriene B4 (LTB4) and leukotriene C4 (LTC4), eicosanoids 

proinflammatory factors, were found in higher levels in endometrial tissue from 
cows with clinical endometritis than from healthy cows (3). LTB4, a metabolite of 
the 5-lipoxygenase pathway of arachidonic acid metabolism is a potent 
chemoattractant of (polymorphonuclear) PMN. It has the most potent chemotactic 
and chemokinetic activities, being 10 to 10

2
-fold more potent than any of the other 

hydroxyeicosatetraenoic acids or hydroperoxyeicosatetraenoic acids (31). LTC4 
modulated the secretion of progesterone and prostaglandine in bovine ovarian cells 
(3). During endometritis, LTB4 enhances chemotaxis and the random migration of 
neutrophils (31, 3), and may also stimulate the activation, proliferation and release 
of cytokines by B- and T-lymphocytes, monocytes and natural killer cells (31).  
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Bacteria (Streptococcus spp., Staphylococcus spp. and coliforms) and 
endotoxins in the postpartum uterus may modulate eicosanoids and LTB4 
production (31). 

Slama et al., (1993) observed that LTB4 synthesis in caruncular tissue was 
about 7*10

2
 times higher at the begining of postpartum than at the end of 

postpartum. This marked differenece in LTB4 synthesis may explain the drastic 
reduction in caruncular PMN infiltation observed at the end of puerperium (31). 
Progesterone inhibits LTB4 synthesis by caruncular tissue and this may explain the 
increased incidence of puerperal metritis in cows when the first ovulation occurs 
early in postpartum period (31). 

LTB4 synthesis especially by caruncular tissue, may play an important role 
in both placental separation and uterine involution processes, probably by 
stimulation of chemotaxis and activity of PMN (31). 

Pattern recognition receptors and their PAMPs 
Germline-encoded pattern recognition receptors (PRRs) are responsible 

for sesing the presence of microorganisms. They do this by recognizing structures 
conserved among microbial species, which are called pathogen-associated 
molecular patterns (PAMPs) (9, 16, 18, 20, 28, 32). Recent evidence indicates that 
PRRs are also responsible for recognizing endogenous molecules released from 
dameged cells, termed damage-associated molecular patterns (DAMPs) (9, 20, 23, 
27, 32). PRRs include transmembrane proteins such as the Toll-like receptors 
(TLRs) and C-type lectin receptors (CLRs), as well as cytoplasmic proteins such as 
the Retionic acid-inducible gene (RIG)-I-like receptors (RLRs) and NOD-like 
receptors (NLRs) (10, 17, 20, 23, 32).  

It is now known that the TLRs are the principal signaling molecules through 
which mammals sense infection (1, 4, 19, 32). There are widely expressed 13 
members of TLRs in the mammalian genome (1, 32, 36, 37).  

TLR1, TLR2 and TLR6 recognise bacterial lipids such as lipoteichoic acid, 
whereas TLR3,TLR7,TLR8 and TLR9 recognize nucleic acides, often from viruses, 
although TLR9 also recognises bacterial DNA (6, 23). The recogninsion of TLR10 is 
unknown. TLR11 regonises protozoa (32). TLR4 recognizes LPS from Gram-
negative bacteria such as E.coli, although signaling requires accessory molecules 
such as CD14 (6, 12, 32), and TLR5 binds flagellin (6). LPS is an outer membrane 
glycolipid of Gram-negative bacteria and a well-known inducer of the innate immune 
response. LPS is extracted from the bacterial membrane and transferred to TRL4 by 
two accessory proteins, LPS-binding protein (LBP) and CD14 (12, 19, 37). 

The endometrium of cattle express TLRs 1–10, whereas purified 
populations of endometrial epithelial cells express TLRs 1–7 and 9, and stromal 
cells express TLRs 1–4, 6,7, 9 and 10 (16). 

In cattle, only TLR4 has been studied in detail in endometrial cells, where 
LPS treatment was characterised by the secretion of prostaglandin E2 (6, 16). It was 
shown that bovine epithelial and stromal cells express transcripts for TLR4-CD14 
receptor complex, which is necessary for LPS recognition (12, 18, 29). Herath et al., 
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(2013) observed for the first time that mRNA transcript expression of the TLR4-CD14 
complex in pure populations of bovine endometrial epithelial and stromal cells (12, 
18). TLR2 and TLR4 mRNA were up-regulated when bovine endometrial epithelial 
cells were  stimulated by LPS. The up-regulated of TLR2 was lower when bovine 
endometrial epithelial cells were treated with heat-killed E.coli (8).  

Activation of TLR4 by LPS induces two signaling pathways: MyD88 
dependent and independent pathways. The MyD88 dependent pathway requiers 
signal transduction intermediates such as IL-1RI-associated protein kinases and 
transforming growth factor-activated kinase, finally leads to the activtion of nuclear 
factor-kappaB (NF-κB) and induces production of proinflammatory cytokines (TNF-
α,IL-1β, IL-6 and IL-8) (8, 18, 38). The MyD88 independent pathway requires signal 
transduction intermediates such as TICAM1 and TICAM2, ultimately activates the 
transcription factor IRF3 and induces the production of IFN-β (8).   

Various cytokines and chemokines, including TNF-α, cytokines of the IL-1 
family (IL-1β, IL-18), IL-12, and IFN-γ, can be induced by the recognition of PAMPs 
by TLRs (38). 

Another group of PRRs is represented by NLRs. NOD1 detects bacterial cell 
wall peptidoglycan containing γ-D-glutamyl-meso-diaminopimelic acid (iE-DAP) that 
are produced by most gram-negative and certain gram-positive bacteria, whereas 
NOD2 recognizes the muramyl dipeptide (MDP) conserved in peptidoglycans of all 
gram-positive and gram-negative bacteria. Several recent studies have shown that 
NOD1 and NOD2 can also recognize extracellular microbes and that these receptors 
mediate the host responses to extracellular pathogens as well, but the role of NLRs 
in bovine neutrophils is little known (28, 27, 33).  

Dairy cows had markedly decreased neutrophil NOD1 expression both at 
gene and protein levels during periparturient period, a time being associated with 
increased risk of infectious diseases (27, 33). The neutrophils obtained from 
periparturient cows frequently demonstrated a striking decrease or absence of 
NOD1 mRNA, although some of the cells were positive for NOD1 mRNA detection. 
Expression of NOD1 protein was pronouncedly reduced as well. NOD2 mRNA was 
also down-regulated, but its protein was not clearly diminished (33). 

 
Conclusions 

 
We can conclude that the trophoblast is responsible for interferon-τ (IFNT) 

secretion from day ten to day 25 of pregnancy, which is a tipe of cytokine who 
inhibits uterine prostaglandin F2α (PGF2α) releases and prevents luteolysis.  

Another conclusion is that TNF-α, in nonpregnant cow, stimulated by IFNT, 
enhanced PGF2α syntesis, suggesting that this cytokine locally induces 
autoamplification PGF2α cascade in bovine.  

IL-1α regulates production of the prostaglandins PGE2 (which inhibits the 
expression of IL-2 in bovine lympocytes) and PGF2α by bovine endometrium 
throughout the estrus cycle.  
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It is important to specify that various cytokines and chemokines, including 
TNF-α, cytokines of the IL-1 family (IL-1β, IL-18), IL-12, and IFN-γ, can be induced 
by the recognition of PAMPs by TLRs, especially TLR4 who has been studied in 
detail in endometrial cells belongs to cattle. 
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Summary 

 

Immunomodulators/immunostimulators products influence the immunological 
reactivity of an organism due the stimulation of specific and non-specific humoral and 
cellular defense factors by mechanisms aimed to maintaining immune balance, defending 
the body against pathogens action 

In the research carried out, we assessed the immunogenicity of a vaccine against 
infectious bursal disease in combination with selenium-based product (Seleretard) and 
vitamin C, effect determined on the basis of hematological changes, concentration of serum 
properdin lysozyme, as well as antibody titer assessed by indirect ELISA. Analyzing the test 
results, we found an increase in the synthesis of immune effectors, both specific and non-
specific, in all broilers that were treated with Seleretard and vitamin C. 

Key words: broilers, immune response, immunomodulation 

 
Immunosuppressive disorders are more rare in animals than in humans, 

but the possibility of their apparition in farm animals intensively increases their 
importance, especially when are caused by infectious diseases, such as infectious 
bursal disease (2, 5). 

Lately, the attempts to remedy immunodeficiencies by using a very wide 
range of immunomodulator products showed that these substances are able to 
regulate the immune response in one way or another, for which were used both in 
therapy and prophylaxis (1, 4). 

The results obtained using these products in veterinary medicine domain 
are obvious, and researchers have revealed a positive influence on the immune 
system of the animals treated (1, 3, 4). 

 
Materials and methods 

 
The research was conducted on 24 broilers (Rock x Cornish) from a farm 

where infectious bursal disease evolves, grouped into four experimental groups as 
follows (Table 1): 

- Group A - control - unvaccinated broilers and fed with standard fodder; 
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- Group B - experimental - vaccinated broilers fed with standard fodder; 
- Group C - experimental - vaccinated broilers and fed with standard fodder 

+ Seleretard;  
- Group D - experimental - vaccinated broilers and fed with standard fodder 

+ vitamin C. 
Table 1 

Experimental scheme 

Group  
No. of 

animals 
Day of 

experiment 
Administered  

product 
Blood 
tests 

A 6 
1 

20 
40 

- 
- 
- 

Yes 
Yes 
Yes 

B 6 
1 

20 
40 

Immunogen 
Immunogen 

- 

Yes 
Yes 
Yes 

C 6 
1 

20 
40 

Immunogen+Seleretard 
Immunogen+Seleretard 

- 

Yes 
Yes 
Yes 

D 6 
1 

20 
40 

Immunogen+vitamin C 
Immunogen+vitamin C 

- 

Yes 
Yes 
Yes 

 
Vitamin C was administered at a dose of 200 g/tonne of fodder in the first 

20 days of life.  
Selenium supplementation is currently accepted as having a vital role in 

animal nutrition. Selenium is part of the anti-oxidant defense system and plays an 
important role in the immune response, in particular during the first days of life (2, 
4). In our research, Seleretard was used at a dose of 150 grams / tonne of fodder 
for 20 days. 

We used Live virus vaccine tablets Gumboro, MB strain, a live vaccine 
containing "MB" intermediate strain. Vaccine was reconstituted with cool tap water 
and after that 1000 doses of vaccine were dilluted in 20 l of tap water with 5 grams 
of skim milk powder/l. 

For serological tests, blood samples were taken from the four groups as 
follows: S1 - on the day of vaccine inoculation, S2 - 20 days after inoculation and 
the R3 - 40 days after inoculation. 

Blood samples were processed in the Immunology and Microbiology 
Laboratory of the Faculty of Veterinary Medicine Timisoara. Were determined 
following immunological parameters: serum properdin and lysozyme, phagocytic 
index and white blood cell count. 

Serum lysozyme was determined by radial diffusion assay using 
Micrococcus lysodeicticus incorporated in 2% agarose gel. 
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Serum properdin was assessed using a method taken from the Pasteur 
Institute, Bucharest. The principle of the method consists in colorimetric 
determining of the properdin isolated using inulin and treated with Biuret reagent.  

Specific antibodies titer was determined using indirect enzyme-linked 
immunosorbent assay (indirect ELISA).  

For differential white cell count, blood smears were prepared and stained by 
May-Grünwald-Giemsa method, in standard technique (3, 5). 

 
Results and discussions 

 
Defense capacity is conditioned by the morphological and functional 

development of humoral and cellular factors involved in immune reactions. 
Immunomodulatory substances activate the immune reaction, different from one 
organism to another and from one species to another. 

Deciphering the immunologic mechanisms using serological tests lead to 
objective values that define what we call "immune status" or "immune profile". 
"Conventional" immunological tests provide sufficient data for an accurate 
assessment of the responsiveness of the immune system. On this basis, 
assessment of the Seleretard and vitamin C stimulating effect was considered 
immunological parameters that quantify the ability of the body's immune response. 

Non-specific humoral defense factors - lysozyme, properdin and 
phagocytic index – were constant in the control group animals throughout all the 
experimental period. Recorded values are between physiological limits of the 
species, and this allows their use as refference values in estimating the 
immunomodulatory effect of the two substances (Table 2). 

 
        Table 2 

Average values of properdin, lysozyme and phagocytic index in group A 

Samplings/parameters 
Properdin 

mg/100ml serum 
Lysozyme 

μg/ml serum 
Phagocytic 

index 

S1 
x ±Sx 

C.V. 

16.70±0.62 
3.73 

11.32±0.58 
4.68 

49.0±1.41 
2.88 

S2 
x ±Sx 

C.V. 

17.82±0.43 
2.56 

12.97±1.09 
8.46 

49.81±1.33 
2.66 

S3 
x ±Sx 

C.V. 

18.14±0.44 
2.67 

13.12±0.67 
5.13 

41.68±1.72 
3.45 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation  

   
In group B (vaccinated birds), mean serum properdin and lysozyme have 

increased considerably, the maximum being recorded at the end of the 
experimental period (Table 3). 

Phagocytic index did not change significant and values were maintained at 
a constant level throughout the experiment. Regarding serum properdin, if initially 
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there were 16.4 ± 0.76 mg/100 ml serum, at third sampling (S3) were recorded 
29.44±1.27 mg/100 ml. Note that individual values did not show large variations, 
the coefficient of variation beig below 10% (4.64-6.54%). 

       Table 3 
Average values of properdin, lysozyme and phagocytic index in group B 

Samplings/parameters 
Properdin 

mg/100ml serum 
Lysozyme 

μg/ml serum 
Phagocytic 

index 

S1 
x ±Sx 

C.V. 

16.4±0.76 
4.64 

12.74±0.51 
3.99 

49.2±3.18 
6.34 

S2 
x ±Sx 

C.V. 

24.5±0.62 
3.52 

31.96±0.93 
6.25 

56.8±2.32 
4.07 

S3 
x ±Sx 

C.V. 

29.44±1.27 
6.54 

39.0±0.90 
5.64 

66.0±3.57 
5.42 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation 

 
Unlike properdin, lysozyme levels were the higher both for the primary 

immune response (12.74 ± 0.51 and 31.96 ± 0.93 mg/ml, and for the secondary 
immune response (39.0 ± 0.90 mg/ml serum). 

In comparison with group B, experimental group C (vaccine + Seleretard) 
showed higher average values of properdin. Also, the properdin level increased 
throughout all the experimental period (Table 4). 

      Table 4 
Average values of properdin, lysozyme and phagocytic index in group C 

Samplings/parameters 
Properdin 

mg/100ml serum 
Lysozyme 

μg/ml serum 
Phagocytic 

index 

S1 
x ±Sx 

C.V. 

16.74±0.61 
3.67 

12.54±0.57 
4.53 

49.2±1.72 
3.49 

S2 
x ±Sx 

C.V. 

28.88±0.82 
4.36 

39.80±0.83 
5.84 

64.2±3.76 
5.76 

S3 
x ±Sx 

C.V. 

32.06±0.86 
3.59 

47.48±1.07 
6.43 

71.0±3.52 
4.89 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation 

 
At the end of the experimental period, serum properdin concentration WAS 

32.06 ± 0.86 mg/ 100 ml serum, proving that Seleretard stimulates the synthesis of 
this humoral factor. Stimulatory action of the moneral product has been recorded 
from the first sampling, increased levels of properdin being reported from the early 
stages of the primary immune response. 

Regarding serum lysozyme, it is influenced more pronounced by 
Seleretard, the higher concentrations being recorded for the secondary immune 
response. 
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Similar results were observed in phagocytic index, except that the values 
obtained were significantly higher than in groups A and B.  

Vitamin C stimulates the synthesis of humoral factors of non-specific 
defense, but to a lesser extent compared to Seleretard (Table 5). 

 
Table 5 

Average values of properdin, lysozyme and phagocytic index in group D 

Samplings/parameters 
Properdin 

mg/100ml serum 
Lysozyme 

μg/ml serum 
Phagocytic index 

S1 
x ±Sx 

C.V. 

16.74±0.61 
3.67 

12.54±0.57 
4.53 

49.2±1.72 
3.49 

S2 
x ±Sx 

C.V. 

22.88±0.82 
4.36 

28.14±0.83 
5.84 

55.2±3.76 
5.76 

S3 
x ±Sx 

C.V. 

24.06±0.86 
3.59 

31.64±1.07 
6.43 

64.0±3.52 
4.89 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation  

 
Properdin values are higher at the end of the experimental period, while 

lysozyme synthesis is stimulated in the first experimental phase. The average 
values of these immune parameters are very similar to those found in the animals 
of group B, which received only the immunogen. Based on these data, we can say 
that vitamin C has a less intense action in the biosynthesis of non-specific humoral 
factors.  

Comparative analysis of the mean values of serum properdin and 
lysozyme at the beginning of the experiment showed no significant differences 
between immunomodulatory substances used. 

Unlike vitamin C, Seleretard stimulates earlier and more intensely the 
synthesis of properdin as well as lysozyme.  

Regarding differential white cell count and phagocytic index, we found 
important differences from one group to another. Thus, if the animals that received 
only immunogen have differential white cell count and phagocytic index 
characteristic of post-vaccination immune response, values are constant 
throughout the experimental period in control group (Table 6). 

Table 6 
Average values for differential white cell count 

Group Sampling L N E B M 

A 

S1 60.4 32.0 3.4 0.5 3.7 

S2 60.8 33.1 2.5 0.9 2.7 

S3 63.4 29.6 2.3 1.2 3.5 

B 

S1 62.1 31.3 3.1 0.8 2.7 

S2 62.3 31.0 2.7 1.1 2.4 

S3 67.4 26.3 2.5 1.2 2.3 
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C 

S1 60.4 32.4 2.5 1.2 3.5 

S2 67.4 25.5 2.5 1.1 3.5 

S3 69.9 23.3 2.6 1.2 3.0 

D 

S1 62. 2 31.2 2.9 0.9 2.8 

S2 67.5 26.1 2.4 0.6 3.2 

S3 69.2 24.2 2.6 0.8 3.2 
Legend: L = lymphocytes; N = neutrophils; E = eosinophils; B = basophils; M = monocytes 

 
Differential white blood count recorded obvious changes, both quantitative 

and qualitative, in group C animals, which received Seleretard. Thus, neutrophils 
decreased gradually, with increasing of lymphocytes. The difference between initial 
and final values is significant. This proves that Seleretard stimulates differentiation 
od the cells involved in specific and non-specific defense mechanisms of the body. 
Seleretard has also an important role in the activation of these cells - phagocytic 
index had initial average value of 49.2 ± 1.72% and at the end of the experiment 
was 64.0 ± 3.42%. 

Cellular activation is also present in group D (vaccine + vitamin C), and the 
process is characterized by a significant increase in the lymphocytes percentage 
(Table 6) and the phagocytic index to 70.2%. 

The dynamics of cellular defense factors are related to the dynamics of anti 
infectious bursal disease antibodies. Thus, the animals that received the 
immunogen (group B, vaccinated), average antibodies titer (O.D.) were significantly 
higher in the secondary immune response (Table 7). 

 
    Table 7 

Specific antibodies level after vaccination against infectious bursal disease  

Sampling 
Antibodies titer (O.D.) 

Group A Group B Group C Group D 

S1 117.9 111.8 118.7 142.5 

S2 135.3 277.9 329.1 473.1 

S3 158.5 322.4 351.5 451.3 

 
In group C (vaccine + Seleretard), stimulation of the antibodies synthesis it 

is seen after the first inoculation, the increase of antibodies level being significant 
at the end of the experiment.  

Vitamin C stimulates more intensely the production of antibodies both in 
primary and secondary immune response. The values recorded in this group (D) 
during the entire experimental period are higher than those observed in animals 
treated with Seleretard (group C). Comparative analysis of data regarding the 
influence of both immunostimulatory products (Seleretard and vitamin C) on the 
synthesis of antibody proves that vitamin C has a higher immunostimulatory action.  

Analyzing the effect of vitamin C and Seleretard on specific and non-
specific defense factors, we notice that Seleretard stimulates more intense non-
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specific humoral defense, while vitamin C stimulates the synthesis of specific 
immune factors both humoral and cellular. 

These data show that both vitamin C and especially Seleretard have a 
good immunostimulatory effect and we recommend the use of the two products in 
stimulation of the immunological reactivity in animals. 

 
Conclusions 

 
The immunogen, respectively the Live virus vaccine tablets Gumboro, M.B. 

Strain, a live attenuated vaccine, induce an adequate immune response, reflected 
by the parameters studied. 

Association immunogen – Seleretard stimulates both specific and non-
specific immune factors. 

Vitamin C influence antibodies synthesis more intense than Seleretard, but 
has less effect on non-specific humoral factors. 
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Summary 
 

The current paper review the occurrence of Trichinella infections in livestock, 
wildlife and humans in Romania in the last 15 years, processing relevant publications 
retrieved from the PubMed database. In foreground, (i) epidemiology of the Trichinella 

genus, (ii) clinical spectrum of the infection, and (iii) future perspectives are approached. 
This update should be useful to veterinarians, parasitologists, public health and food safety 
specialists, and for the public in general (pig breeders, hunters, consumers), for to estimate 
the risk of infection and to define adapted recommendations for the disease prevention.  

Key words: Trichinella, animals, humans, Romania 

 
Background 

 
Nematode worms of the genus Trichinella are considered one of the most 

important meat-borne zoonotic pathogens, with largely distribution throughout the 
world, except Antarctica (15). The disease transmission to humans, namely 
trichinellosis, is strongly related by the consumption of the raw and/or undercooked 
Trichinella infected meat providing from backyard and industrial reared pigs and 
game species (wild boar and bears). In Romania, the trichinellosis represent a 
major concern for both human and animal population, with re-emerges character 
year by year, and its occurrence is strongly related by ancestral customs and 
education of population accompanied by inadequate application of prophylactic and 
control measures (8). From the beginning of the twenty-one century, annually, 
numerous trichinellosis cases have been highlighted in the public media and 
published in the scientific journals. Moreover, in the 2004 our country reported the 
highest incidence of trichinellosis in the world (3, 8). As previously was defined by 
Dr. Neghina, the disease history in Romania seems to be ―a never ending story‖ 
(13).  

The present mini-review has been conducted searching through PubMed 
database until 15 February 2014, using ―Trichinella‖ and ―Romania‖ as search 
terms. In total, 15 relevant scientific papers published over the last 15 years and 
dedicated to the ―Trichinella‖ topic has been selected and further processed. Out of 
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them, five (33.3%) articles described the epizootology and diagnostic of the 
parasite based on standard, serological and molecular approach in animals, while 
the remaining ten (66.6%) report clinical spectrum of the infection and the 
distribution of the parasite in humans. In many cases, even if the papers have been 
published in the selected period, we attempted to incorporate data‘s providing from 
the 1990s, reflecting the ―status‖ after major changes in political and social 
structures of Romania.  
 

Animal infections 
 

Scientific reports regarding Trichinella infections in animals, including 
livestock‘s and wildlife, have been accounted by research groups originating 
especially from veterinary and human medicine teaching units with international 
collaborations.  

Domestic pigs.  
The first Trichinella infection in a pig in Romania has been recorded 101 

years ago, and currently represent a ―black mark‖ (15) for Romanian pig industry. 
Blaga et al. (2009b) made an extensive investigation at nationwide level in order to 
analyze the extent of Trichinella infection in slaughterd pigs during the period 1997-
2004, using routine Trichinella test data‘s. Overall, from a total of 34.540.315 tested 
animals, the prevalence of Trichinella infection was 0.09% (9.648/10.813.350;) in 
home slaughtered pigs and 0.07 (18.280/23.726.965) in abattoir slaughtered pigs, 
respectively, for the eight years period. This means a positivity of 8 cases to 10

4
 

tested animals. A marked difference has been recorded between Transylvania and 
other counties of Romania. According to author‘s statement, the prevalence 
differences observed can be related ―by a less efficient trichinelloscopic exam in 
Transylvania, but there are no field data to support this hypothesis‖ (4).  

Another study conducted by Borza et al. (2012) report cumulated data‘s, 
obtained through Trichinella detection in pigs in the largest of the Romanian 
counties (Timiş), from January 1998 to November 2011. Collected information‘s 
from the Veterinary Public Health Department of Timiş County highlighted that 
0.01% (681/5.586.431) of domestic pigs from farms and 0.07% (407/609.325) of 
pigs from private households, respectively, have been infected with Trichinella spp.  

The molecular data on Trichinella species circulating on domestic pigs has 
been provided by Blaga et al. (2009c) using PCR on molecular characterization of 
10 isolates providing from Bucharest, Bihor, Cluj, Covasna, Mureş, Prahova, Satu-
Mare and Tulcea Counties. Nine isolates have been proved to be T. spiralis (90%) 
and only one T. britovi (10%).  

Horses.  
An epidemiological investigation aimed to detect Trichinella in horse meat 

is resumed to only one serological and parasitological survey carried out at 
countrywide level by Blaga et al. (2009a). The study was conducted between 2001 
and 2002. Of 3000 horse serum samples, collected from 31 counties in 2001 and 
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tested for anti- Trichinella spp. antibodies, none were positive by ELISA. In 2002 
out of 2992 serum samples tested, 17 (0.56%) have an optical density values 
higher than the positive cut-off, but the presence of Trichinella spp. larvae in the 
seropositive horse meat has not been demonstrated. In addition, after 
trichinelloscopy and artificial digestion exam of 25838 horses slaughtered in 
Alexandria and Timisoara between 2001 and 2002, no Trichinella spp. larvae have 
been detected (2).  

Wildlife.  
- Wild boar (Sus scrofa). In the Blaga et al. (2009b) report, out of 29825 

tested wild boars, 255 (0.86%) were found positive for Trichinella infection, with 
very similar prevalence rates between Transylvania and other counties (8.4 vs. 8.9 
per 10

3
 animals tested). On the other hand, data collected by Borza et al. (2012) 

regarding the Trichinella infections in wild boars in Timiş County indicated a lower 
contamination level, meaning 0.5% (4/823) prevalence value.  

- Bear (Ursus arctos). Between 1997 and 2004, out of 1062 screened 
bears through routine trchinelloscopic examination for the presence of Trichinella 
spp., 139 (13.8%) were found to be positive for this nematode, with equal 
distribution between Transylvania (13.1%) and other counties (13.2%) of Romania 
(4). In another study based on molecular tools, genetic characterization of only one 
isolate showed the presence of T. spiralis at this species (5).  

- Others. An interesting case study has been published by Blaga et al. 
(2008) regarding the first evidence of Trichinella larvae in golden jackal (Canis 
aureus) in Romania, confirmed both trichineloscopy and artificial digestion 
methods. In addition, the presence of Trichinella sp. in Romania were identified and 
recovered for genotyping in wolf (Canis lupus; 11/35), red fox (Vulpes vulpes; 
5/71), golden jackal (Canis aureus; 1/1), Eurasian lynx (Lynx lynx; 3/5) and 
European wild cat (Felis silvestris; 4/28). The results of molecular characterization 
showed the presence of T. britovi in wolf, golden jackal, Eurasian lynx and 
European wild cat, and T. spiralis (n=1) and T. britovi (n=4) in red foxes (5).  
 

Human infections 
 

Epidemiology  
Over the last decade, yearly occurrence and high incidence of human 

trichinellosis in Romania were highlighted in many scientific reports. Some of these 
studies published retrospective data‘s from 1990s, and most of them provide 
information‘s from Timiş County located in western Romania (8, 9, 11, 12) beside 
an interesting descriptive and cluster analysis data of the evolution of human 
trichinellosis in each county of Romania (3). In addition, in another study a 
retrospective occurrence of trichinellosis was analyzed in Brasov County (1).  

Blaga et al. (3) made a retrospective analysis of the occurrence of human 
trichinellosis in Romanian counties between 1990 and 2004. During the 14 years a 
number of 71.8 cases per 10

6
 persons per year have been accounted, with 
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significantly higher (p<0.05) incidence rate obtained for Transylvanian counties 
(114.1 cases per 10

6
 persons-per-year) compared to other counties (51.4 cases 

per 10
6
 persons-per-year) of the country. Higher values of the infection have been 

registered in two western (Caras-Severin and Hunedoara) and center (Braşov and 
Covasna) counties of Transylvania. These variations in the epizootology of 
reported cases can be related by the efficacy of food safety controls, declaration of 
human trichinellosis cases, level of meat consumption, regional food habits (raw 
meat consumption), customs or cultures, but without any field data‘s that support 
these hypotheses (3).  

A large scale retrospective analysis of the incidence of human trichinellosis 
in Timiş County from 1990 to 2005 has been made by Neghina et al. (2009). Over 
a period of 16 years, in the largest Romanian county, 521 patients have been 
diagnosed and hospitalized with clinical trichinellosis, with the peak of infection in 
1994 (16.9%) and the most of the patients were in the age group of 20-29 (23.2%) 
and provided from urban area (9). In the same county the same authors, published 
data about human trichinellosis in 106 children from 1990 to 2006 (12). The 
affected child‘s provided predominantly from 10 to 14 year-old age group (34.9%) 
and urban areas (59.4%). The number of cases peaked in winter (76.4%) and the 
highest prevalence was recorded in 1994 (12). In another study, Neghina et al. 
(2010) published collected data from 1996 to 2005, obtained from 492 patients 
diagnosed with trichinellosis in an endemic former industrial area of Romania. The 
most affected categories were: woman (55.1%), townsfolk (77%) and unemployed 
(40.1%) (13).  

Winter trichinellosis outbreaks have been reported by different authors (8, 
11) in Timiş County. In 2008, five patients out of 15 which consumed meat from the 
same backyard pig without veterinary inspection have been diagnosed and 
hospitalied with clinical trichinellosis (11). The involved species was T. spiralis and 
the mean age of the patients was 33.4 years. Recently, Marincu et al. (2012) 
reported two foci of trichinellosis that occurred in the winter of 2011 in western 
Romanian region. In this paper medical records provided from 20 patients out of 22 
admitted to hospitals is presented. The disease occurred in patients with the mean 
age of group 37.4 years providing especially from rural areas. In most of the cases 
the disease occurrence has deep roots in the ancestral customs and improper 
education of the population regarding the cooking and consumption of pork (8).  

A recent case study conducted in Braşov County accounted 143 Trichinella 
infected persons admitted to the infectious Disease Hospital of the County during 
the period 2001-2008 (1). The endemic character of the disease in the same 
County, was highlighted in another article published by Nemet et al. (2013), which 
appointed that in the period 1983-1992, 314 (44.9%) out of 699 cases of 
trichinellosis were misdiagnosed.  
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Clinical spectrum 
Unlike animals that non exhibit clinical signs of the Trichinella infection, in 

humans the impact of this zoonotic nematode is extremely important (15).  
There are several reports published during the last 15 years regarding the 

clinical manifestations of human trichinellosis in Romania (1, 8, 9, 10, 11, 12, 13, 
14, 16). Most of these studies provided retrospective data‘s. The most important 
clinical manifestations have been reported to be myalgia (64.4%), edema (45.3%) 
and headache (38.6%) (n=492 meaning number of enrolled patients in the study 
10); myalgia (72.5%) and edema (54.1%) (9); headache, eyelid and lower limb 
edema, myalgia, fever, diarrhea and nausea (n=5; 11); myalgia (85%), edema 
(65%), fever (60%), headache and asthenia (45%), digestive disorders (35%), 
eruption (25%) and conjunctivitis (5%) (n=20; 8). In addition and surprisingly, an 
interesting case study reports the cardiac involvement of trichinellosis with left 
ventricular thrombosis in a 42 year old woman originating from Braşov County (16).  

The hospitalization period at patients diagnosed with Trichinella infection 
ranged from one (10) to fourteen (9, 12) days.  

Paraclinical investigations highlighted mainly elevated eosinophil (ranged 
between 10 and 52%) and leukocyte (mean 10162.4±3798.4 cells/mm

3
) values (8, 

10, 11, 12). It is important to note that Nemet et al. (2013) report that the most 
frequent misdiagnosis of the 314 trichinellosis cases in Braşov County, in the 
period 1983-1992, has been attributed to digestive disoreders (41.7%), respiratory 
system disorders (32.5%), allergic reactions (4.4%), kidney problems (4.1%), eyes 
(2.8%) or neurophysical disorders (4.4%).  
 

Conclusions and future perspectives 
 

Relevant articles published during the last 15 years about Trichinella 
infections in animals and humans in Romania have pointed out that, trichinellosis is 
a major concern in our country, with yearly occurrence both in animals as well as in 
humans. As previously reported by Neghina et al. (2009) the infection peaks 
accounted in 1994 and 2004, respectively, can be related by the transition period 
from the big industrial swine farms to the private households with poor hygienic 
conditions. Even if Romania joined the European Union in 2007 and stronger 
requirements of EU legislation has been implemented, the popular customs and 
education, pig breeding and traditional slaughtering in backyards for household 
consumption associated with the frequent neglect or overlook of the meat 
inspection have remained unchanged. In addition, limited former education of 
population especially in rural areas associated with the effect of the global crisis 
sentient at countrywide level, can contribute greatly for the maintenance and 
disease development. Therefore, in order to significantly decrease the disease 
occurrence at nationwide level the necessity of the implementation of control 
program based on new and renewed solutions is mandatory. The improvement of 
the management and prevention of this potentially lethal disease can be based on:  
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- regularly sanitary education programs for population implemented in each 
counties of the country;  

- better knowledge of the disease epidemiology in wildlife;  
- increasing the adequately trained scientists in the field;  
- adequate proficiency testing and training of the meat control personnel;  
- improvement the international research collaborations between public 

health authorities from our country and scientists from the ―western –world‖, 
especially providing from countries that have eradicated or are ―Trichinella‖ free like 
Ireland, Denmark or Belgium;  

- implementation of Grants with financial support from European funding 
agency. 

In the author‘s opinion, as long as culinary customs and traditions related 
by the extensively raising of pigs will be transmitted from generation to generation, 
the trichinellosis will continue to appear in our county posing significant challenges 
for public health authorities.  
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Summary 
 

This paper is meant to assess the social behaviour in shelter dogs, 
meaning the attachment, a feature commonly formal in the dogs that have had 
previous human animal relationships/interactions.  

Out of 100 dogs, housed in the shelter, 30 were submitted to the study, out 
of which 25 have manifested different forms and patterns of attachment toward the 
assesser/ evaluator. 

Key words: dog, shelter, attachment. 
 

The attachment respresents the key factor on which social structure is 
being built in the case of all species with such an organisation form. 

The characteristic behavioural displays belonging to attachemnt are 
intented upon some individuals in particular situations and contexts (1). 

Up till now, a limited number of experimental studies have been carried out 
in order to describe the attachment relationship between animal and human. 
According to the study, the attachment is described as the result of impressment 
process from the sensitive period of development, which is being displayed by the 
seeking, approach and interraction with the caretaker (2).  

The dogs‘ abillity to develop attachment towards human is the result of the 
domestication process, through which individuals have been selected through 
generations for this behaviour (3). 

In the primary socialization period, the pups are prepared to form tight 
social relationships, not only with the mother, but also with other individuals from 
various species, including humans (1).  

The purpose of shelters is that of housign the dogs for a determinate period 
of time, after which they can be adopted. If adoption does not occur, a lot of dogs are 
being housed for a long time, which can therefore have unfavourable consequences 
on the behaviour. These animals are being exposed to different factors, such as: 
social privacy, excessive noise, alterations in the circadian rhythm (5). 

Frequently, the dogs have unpleasent experiences with humans when they 
arrive in the shelter, starting with the inadequate means of capture, manipulation 
and their handling throughout their housing in the shelter (4).  
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Consequently, a lot of the adopted dogs present different forms of 
behavioural disorders, such as: excessive barking, fear, hiperreactivity. Fear and 
agression are the most frequent disorders which prevents interraction between 
dogs and humans, representing, thus, a communication failure between the two 
species (2).  

Dogs form tight relationships with their owners, and this is why, when being 
parted different forms of anxiety appear. In the shelter, surprisingly, dogs attach to 
the caretakers in a relative short time. (1) The dogs‘ exposure to unknown people is 
used in the behavioural assessment. In some studies, the assesser adopts a 
detached, pasive attitude, therefore we can quantisize the dog‘s tendency to 
approach, or an active attitude, when the assesser calls out for the dog by it‘s 
name and also pets the dog (3).  

 
Matherials and methods 

 
In this study, a number of 30 dogs have been submitted, dogs from a dog 

shelter in Timisoara. 
The dogs have been selected based on sex, size, period of time since they 

have been housed in the shelter.The recording of the study has been accomplished 
using a SONY HANDYCAM.  

The subjects have been individual assessed ,brought in the assessment 
room with a size of 5x4, in which inventary objects interfered with the activity.  

After being brought in, the dog has been given 5 minutes in order for him to 
explore the environment , after which the experiment began. During the dog‘s 
exploration, the assesser sat quietly without manifesting any sort of behaviour. 

After the five minutes, the assesser began to interract with the dog, by 
calling him out on a friendly tone ( this being the first criterion of assessment), the 
assessment being made based on the number of hails. 

In the second test, the dog has been approached, caressed by the 
assesser, being assessed according to it‘s response. 

For the next test, the assesser initiated a playfulness behaviour, a test in 
which the assessment has been made according to the dog‘s envolvement in this 
action. 

In the last test, the assesser walked the dog in a leash.  
 

Results and discussions 
 

At the first test, 23 out of 30 dogs came when called out, 3 came at the 
seconhd hail, and the others refused to interract. The dogs that came the first time 
were anxious to interract socially, even if it was with a stranger. Those who came at 
the second hail had some reservations, probably because of the long period of 
housing, in which not all interractins have been necessarily positive.Those who 
refused the interraction were fearfull and prefered not to collaborate.  
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At the second test (stroking), 25 dogs collaborated, meaning accepting the 
first time the approach in different body regions. 2 dogs have had some 
reservations, but eventually they accepted the stroking and 3 dogs refused. We can 
assess this behaviour on the basis of previous experiences, which we presume 
were negative in the case of the 5 dogs.  

A playfulness behaviour was displayed by 15 dogs, which were enthusiast 
and played with great pleasure, 10 dogs needed some solicitations and 5 of them 
refused to play.In the case of the third test, 15 out of 30 dogs were eager to play, 
and therefore we can presume that these animals have never had owners to 
allocate time for animal-human relationship or they have always been bound to 
carry out other services.  

Walking in a leash represented a pleasent activity for 24 of the submitted 
dogs, these dogs being anxious and enthusiastic when seeing the leash, one dog 
was fearfull and the others refused this activity. The 24 dogs have had owners 
which habituated them with this activity, and therefore, the dogs memorised it as a 
positive activity. 

  
Conclusions 

 

The two weeks in the shelter didn‘t alter the dog‘s behaviour in a visible 
way. Verbal communication is frequently seen in house dogs, which can be 
verifiable with touching and stroking. The playfull behaviour seen in 15 dogs can be 
related to previous experiences. The fact that 2 dogs accepted the leash means 
that they have already known this activity. 
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Summary  

 
The objective of this study was to establish the impact of the organic matter 

released until present by animals on streams for localities Birda and Gataia which have as 
same stream river Barzava. 

In the first stage an inventory of the animal number in the two localities from Timis 
County was performed. We chose the localities based on the previous and present 
zootechnical activities, with special reference to the classification done after the 
implementation of the Nitrate Directive. To achieve the set goals, after the identification of 

the spot (geographical position) of entrance of the stream in the territory of the localities 
studied, as well as of the spot of exit from the territory, 54 water samples were collected in 

accordance with SR ISO 5667-2 from 1998, samples harvested during March - October 
2009. 

Assessing the values obtained after the analysis of water samples we concluded 
that river Barzava water presented different values, dependent on the sampling period and 
correlated with the river flow, flow also influenced by rainfall. 

Regarding the samples harvested on river Barzava, we noted different values, 

dependent on the sampling period and rainfall level, so that, of the total number of harvested 
samples, approximately 80% allowed the ranking of the stream in the first category of quality 
from the chemical indicators point of view. 

Key words: pollution, surface waters, manures impact. 

 
The great quantity of organic matter existent in Timis County, because of 

the great number of animals, swine especially, can lead to marked pollution of 
surface water sources. 

The objective of this study was to know the impact of the organic matter 
released by animals on streams for localities Birda and Gataia which have as same 
stream river Barzava. 

For a good monitoring, in the first stage an inventory of the animal number 
in the two localities was done. The choosing of the localities was done based on 
the previous and present zootechnical activity with reference especially to the 
classification done after the implementation of Nitrate Directive. 

The situation of the zootechnical objectives and the animal number when 
starting our research is shown in Table 1. 
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Table 1 
The situation of the zootechnical objectives and animal number 

Locality Farms / GP Number  

B O C S P Horses 

Săcălaz/ 
Beregsau Mare 

GP 767 10500 230  3000 20 

Birda  GP 188 3748 134 310 6000 30 

 FIELD Farm 50      

 SC Smithfield farms 28 800 swine   

Gataia  GP 267 9906 177 483   

 SC Smithfield farms 43 200 swine  

 SC Agrosas  7 800 swine  

B = cattle; O= sheep; C= goats; S= swine; P= poultry.   

 
Materials and methods 

 
To achieve the set goals, after the identification of the spot (geographical 

position) of entrance of the stream in the territory of the locality taken into study, as 
well as of the spot of exit from the territory, 54 water samples were harvested in 
accordance with SR ISO 5667-2 from 1998 (3).  

Samples were harvested during March-October 2009 and the ammonium 
ions (NH4), nitrites (NO2), nitrates (NO3), biochemical oxygen demand at five days 
(CBO5) and microbial load were assessed. 

The chemical assessment was done using the NOVA 60 
spectrophotometer, and the microbiological assessment in accordance with STAS 
3001/1991 (2). Chemical indicators were determined through spectrophotometry 
using the Spectroquant NOVA 60.  

 
Results and discussions 

 
After analyzing the water samples harvested from surface waters (rivers) to 

establish the pollution level, values were obtained for each stream. For river 
Barzava which flows through Birda and Gătaia localities taken into study, 54 water 
samples were harvested and the average of the values is shown in Table 2. 

On the territory of the two localities, besides other farms with variable 
number of animals and species, there were three swine production complexes, one 
belonging to S.C. Smithfield Farms (28,800 heads in Birda), one of 43,200 heads in 
Gătaia and the third one belonging to S.C. Agrosas of 7,800 heads. 

To identify well the sampling spots, the geographical position was recorded 
(latitude and longitude). Because the two localities are adjacent and the river flows 
from Birds to Gătaia, the exit spot of water from Birda, corresponds to the entrance 
spot in the territory of locality Gătaia, as consequence the determined values at the 
exit from the territory of locality Birda are similar to those at the entrance in the 
territory of locality Gătaia. 
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To assess the values obtained after analyzing the water samples the 
classification from STAS 4706 (1) was used, which divides surface waters in three 
categories (I, II and III). Through this standard one can see that depending on the 
category water can be used only for certain activities.  

The establishment of the categories was done based on several indicators 
of which we considered only the water pollution indicators.  

Analyzing the values obtained after assessing the water samples, given in 
Table 2, we concluded that waters from river Bârzava had different values, 
depending on the sampling period, correlated to the river flow, flow influenced by 
rainfall.  

 
Table 2 

The average of the 4 pollution indicators over the 18 determinations 
Indicator de poluare X±Sx D.S. 

NH4 

Birda entrance 0.38±0.04 0.17 

Birda exit 0.48±0.05 0.22 

Gătaia exit 0.59±0.06 0.25 

NO2 

Birda entrance 0.18±0.02 0.09 

Birda exit 0.26±0.03 0.15 

Gătaia exit 0.34±0.05 0.22 

NO3 

Birda entrance 4.94±0.85 3.59 

Birda exit 6.18±0.67 2.85 

Gătaia exit 8.13±0.65 2.78 

CBO5 

Birda entrance 3.06±0.29 1.22 

Birda exit 4.29±0.39 1.64 

Gătaia exit 5.52±0.36 1.54 
       *- significant 

       ** - highly significant 

Birda entrance vs Gătaia exit for NH4 p<0.0057
* 

Birda entrance vs Gătaia exit for NO2 p<0.0072
* 

Birda entrance vs Gătaia exit for NO3 p<0.0051
* 

Birda entrance vs Gătaia exit for CBO5 p<0.0001
** 

Birda entrance vs Birda exit for CBO5 p<0.0148
** 

 

 Ammonium ions had a mean value of 0.38±0.04 at the entrance in Birda; 
0.48±0.05 at the exit from Birda and the entrance in Gătaia and at the exit 
from Gătaia 0.59±0.06 (fig.1); 
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Fig.1. The NH4 dynamic in the Bârzava waters from Birda entrance up to Gătaia 

exit 
 

 nitrates had a mean value of 0.18±0.02 at the entrance in Birda, and at the 
exit from Birda and entrance in Gătaia 0.26±0.03, and at the exit from 
Gătaia 0.34±0.05 (fig 2);  

 
Fig.2. The NO3 dynamic in the Bârzava water from Birda entrance up to Gătaia exit 

 

 nitrites had a mean values of 4.94±0.85 at entrance in Birda, and at the 
exit from Birda and the entrance in Gătaia 6.18±0.67, and at the exit from Gătaia 
8.13±0.65;  
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Fig.3. The NO2 dynamic in Bârzava water from Birda entrance up to Gătaia exit 

 

 The biochemical oxygen demand at five days had a mean value of 
3.06±0.29 at Birda entrance, and at Birda exit and entrance in Gătaia 4.29±0.39 
and at the exit from Gătaia 5.52±0.36. 

 
Fig.4. The CBO5 dynamic in Bârzava water from Birda entrance up to Gătaia exit 
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Conclusions 
 
Regarding the samples harvested on river Barzava we noted different 

values, dependent on the period of sampling and the rainfall level, so that, of the 
total number of harvested samples, approximately 80% allowed the ranking of the 
stream in the first category of quality from the chemical indicators point of view. 
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Summary 

 

Over the last years a variable evolution of the reported cases of food-borne 
outbreaks has been noticed. Beginning from 2009 meat and meat products represent over 
15% of all food vehicles of food-borne outbreaks reported in European Union. 
Campylobacter was the most common agent involved in food-borne outbreaks transmitted 
by meat and meat products in EU, throughout 2009-2012. Poultry meat and products thereof 
represent the major sources of Campylobacter. In red meat Salmonella was isolated in low 

percentage, less than 1% starting with 2008. In broiler meat, the highest incidence of 
Salmonella was in 2006 (6.3% positive samples). In 2012 the lowest occurrence of 
Salmonella in broiler meat (from 2004 to 2012) was registered (4.1%). For Salmonella 
outbreaks meat and meat products represent the food vehicle in 15-20% of cases, for the 
same period. L. monocytogenes was isolated most commonly in RTE bovine meat products 
in 2011 (8.9% positive samples). In poultry meat products proportion of Listeria positive 
samples was low, recording a decreasing trend beginning to 2010. VTEC positive fresh 
bovine meat presented similar values in 2011 and 2012. From 2006 to 2009 a tendency of 
reducing in the incidence of Y. enterocolitica in pork samples was observed. In 2011 the 
proportion of positive samples reported for pork was reduced with 40% compared to 2010 
(2.4%). Other agents involved in triggering outbreaks through meat and meat products 
consumption, including Clostridium toxins, Staphylococcal enterotoxins, and Bacillus toxins, 
with a major impact on public health, have been published.  

Key words: meat safey, foodborne pathogens  

 
In Europe, the main type of meat produced is pork (48.7%) followed by 

poultry and beef (over 23% for both). Sheep, goat, equine and rabbit meat 
production covers only a percentage of the total meat production (7). 

Red meat and poultry can be contaminated with a diversity of 
microorganisms, not only those involved in product spoilage, but also with 
foodborne pathogens. These microorganisms may arise from various sources, 
such as live animal, equipment, employees and environment, respectively (7, 12). 

A foodborne outbreak can be defined as an event in which two or more 
people become ill in a short period after they ingested the same food. 

Foodborne diseases are caused by two mechanisms. On the one hand, in 
foodborne infection the microorganisms, e.g. Salmonella spp., Yersinia 
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enterocolitica, Clostridium perfringens, Campylobacter spp., are ingested with the 
food and grow in intestine causing digestive disorders (e.g. diarrhea, vomiting, 
nausea, abdominal pain). On the other hand, the bacteria grow in food and produce 
a toxins (e.g. Staphyloccocus aureus, Clostridium botulinum, Bacillus cereus), 
which are the causes of illness when the foods are ingested.  

Contamination of meat and meat products with food poisoning bacteria are 
considered one of the most important public health subjects. Human illness may 
occur in different ways, such as poor handling, cooking or storage of the products. 

Occurrence of the most important zoonotic agents, like Salmonella spp., 
Campylobacter spp., Y. enterocolitica and VTEC in fresh red meat are variable (1% 
and 10%), depending by the range of factors including the organism, geographical 
factors, farming and meat production practices (11). 

Foodborne illness causes human suffering, even mortality and significantly 
increased the costs of food production (9). In 2012, a total of 5,363 food-borne 
outbreaks were reported in European Union (20). 

Pathogenic bacteria in poultry meat. The different process operations 
from poultry slaughter, such as scalding, defeathering, evisceration, washing and 
chilling can be considered as contamination sources of carcasses with various 
pathogens. The most important stages that are responsible for microbial 
contamination of meat are defeathering and evisceration. Cross-contamination 
among carcasses is an important problem during the defeathering process. For 
example, on the rubber fingers from defeathering machines were found up 10

6
 

Staphylococcus aureus per cm
2
 (12). S. aureus from the defeathering machines 

can be transferred to the carcasses. The most important factor contributing to 
staphylococcal food poisoning outbreaks is inadequate control of temperatures, 
when the initial staphylococcal contamination are increased, together with poor 
hygiene of food workers. It is known the heat resistance of staphylococcal 
enterotoxins and the normal heat processing of food are ineffective (3). 

 The release of intestinal contents during evisceration process can 
contaminate the carcasses with Enterobacteriaceae and the frequency of 
contamination with salmonellae is increased. Salmonella serotypes isolated from 
poultry meat are not host specific and are considered capable to induce human 
foodborne diseases. Campylobacter jejuni is the main cause of human 
campilobacteriosis. Significant contamination with Campylobacter can occur in this 
operation (21). Campylobacter contaminations on carcasses surfaces frequently 
are great, up to 10

9
, while the infective dose is hundreds (9).  

 Listeria monocytogenes has been found on raw poultry meat, with high 
frequency. Some studies have shown that over 50% of processed chicken 
carcasses are positive (8). 

Other pathogens, including Clostridium perfringens, Escherichia coli O 157, 
have also been reported (8, 12). 

Pathogenic bacteria in cattle and sheep meat. At these speciesost of 
the bacterial contamination of the carcass may occur during removal of skin and 
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feet. In this stage salmonellae can be transferred, from hide or fleece, from hooves, 
from contact with hands of workers, knives, steels and apron of workers to the 
carcasses. During evisceration there is an increase in contamination of carcasses 
and offal meats with Salmonella, E. coli, and Campylobacter. Also, Clostridium 
perfringens can be isolated from carcass surfaces (12). 

Pathogenic bacteria in pig meat. Removal of abdominal viscera is an 
important stage which may contribute to increase of pathogen numbers from meat. 
Salmonella may be isolated from intestinal tract and from mesenteric and portal lymph 
nodes. Clostridium perfringens and Campylobacter can be found on pig carcasses (12). 

Processed meat products. Meat products may be contaminated with a 
various pathogenic microorganisms. So, Salmonella spp., Campylobacter spp., E. 
coli (EHEC), L. monocytogenes, staphylococcal enterotoxin, Y. enterocolitica, C. 
perfringens, Bacillus spp., were considered as potential hazards, implicated in 
foodborne outbreaks associated with the consumption of pork and poultry meat (7). 

 
Occurrence of some foodborne pathogens in meats 

 
Campylobacter. Campylobacter species are common bacterial pathogens 

that cause gastroenteritis in human. Campylobacteriosis are the frequent causes of 
reported zoonosis in humans, in the EU, since 2005. Human campylobacteriosis 
has shown an increasing trend in the last period. In 2012, 11 out of the 25 
Campylobacter food-borne outbreaks were related to broiler meat consumption The 
number of reported confirmed cases of human campylobacteriosis in the EU, in 
2012, was 214,268, which was a decrease of 4.3% compared with 2011 (20). 

 It is well known that the major source of Campylobacter contamination of 
poultry meat is the colonized chickens. Due to cross-contamination during the 
slaughter process the prevalence of Campylobacter is higher on carcasses than in 
caeca (21).The most important species associated with human illness are C. jejuni 
and C. coli. A study conducted by Ghafir et al. (5) showed that more than 80% of the 
isolates from the poultry samples were C. jejuni and 10–15% was C. coli. In pork and 
beef samples, 75% and 100%, respectively of isolates were C. jejuni.  

As is shown in Table 1, the proportion of Campylobacter positive samples 
in broiler meat remained increased throughout the period under study (2004-2012). 
In 2012, 23.6% of the broiler meat samples were found to be positive for 
Campylobacter, which was the lowest incidence in recent years. The proportions of 
Campylobacter-positive broiler meat samples varied widely among EU member 
states, with the prevalence ranging from 0% to 80.6% (20).  

Salmonella. Salmonella are ubiquitous microorganisms in the environment 
where arrive from human, poultry and a great number of mammalian species, 
primarily through faecal contamination. Salmonelosis are one of the primary causes 
of food outbreaks worldwide. In the EU, Salmonella Enteritidis and Salmonella 
Typhimurium serotypes are reported as the two major etiologic agents of 
salmonellosis adapted to humans. Poultry, pork, and beef have been recognized as 
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common sources for salmonellosis (2). Reported data on the occurrence of 
Salmonella in red meat has shown that pork was the most frequently contaminated. 
However, in red meat Salmonella was isolated in much lower percentage 
compared to broiler meat (Table 2). In broiler meat, the highest incidence of 
Salmonella was in 2006 (6.3% positive samples). 

In 2012 the lowest occurrence of Salmonella in broiler meat (from 2004 to 
2012) has been registered (4.1%). 

Listeria. Food is involved in 99% of cases of human listeriosis (9). L. 
monocytogenes was isolated most commonly in ready-to-eat bovine meat products 
in 2011 (8.9% positive samples). In poultry meat product proportion of Listeria 
positive samples was relatively low, recording a decreasing trend beginning to 
2010. A slight increase in the percentage of positive samples was found in pork 
products in 2011 and 2012 (3,2%, and 3,3%, respectively), compared with data 
reported between 2006 and 2010 period (Table 3). 

Escherichia coli. E. coli has been used since 1890 as a nonpathogenic 
indicator of enteric pathogens. Over the time strains of E. coli that had acquired 
virulence characteristics causing pathogenicity to humans or animals were 
identified. Six classes of diarrheagenic E. coli are recognized: enterohemorrhagic 
(EHEC), enterotoxigenic (ETEC), enteroinvasive (EIEC), enteroaggregative 
(EaggEC), enteropathogenic (EPEC), and diffusely adherent (DAEC) (1). 

Out of them a great importance for public health has EHEC or VTEC 
group. Cattle meat represents the main major source of food-borne VTEC 
infections. Out of these, O157:H serogroups (VTEC O157) are one of the most 
frequently reported to be associated with human disease (10, 20). E. coli O157:H7 
may contaminate the surface of beef carcasses during the slaughtering process as 
a result of cross-contamination from the bovine hide or gut contents. Despite of the 
lower risk of illness for this pathogen than for other food-borne pathogens (e.g. 
Campylobacter or Salmonella), E. coli O157:H7 remains a great public health (4). 

In 2012 a percent of 1.3 VTEC positive fresh bovine meat (0.1% VTEC 
O157) were found, and a close level was consisted in 2011 (1.4% VTEC positive 
fresh bovine meat and 0.3% VTEC O157). Compared with 2010 (VTEC-positive 
and VTEC O157-positive fresh bovine meat were 0.5% and 0.1%, respectively), the 
reported EU Member States level was higher. During the period 2006-2012, the 
highest levels of contamination of the meat of bovine VTEC were reported in 2009 - 
2010 (VTEC-positive and VTEC O157-positive fresh bovine meat were 2.3% and 
0.7%, respectively), and the lowest levels in 2007 and 2008 (VTEC-positive and 
VTEC O157-positive fresh bovine meat were 0.3% and 0.1%, respectively, the 
same levels for both years) (14, 15, 16, 17, 18, 19, 20). 
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Yersinia spp. Yersinia enterocolitica is the most common species (about 
90%), reported in human cases. Into a much lower proportion was identified 
Yersinia pseudotuberculosis. Pigs have been considered to be the primary 
reservoir for the human pathogenic types of Y. enterocolitica (20). 

From 2006 to 2009 the tendency of reducing in the incidence of Y. 
enterocolitica in pork samples was observed. Thus, in 2006, a 4.9% of samples 
were contaminated with Y. enterocolitica, in 2007, the proportion was reduced to 
less than half (2% positive samples), and in 2008, the degree of contamination 
remained at the same level (1.8% positive samples). However, in the next period, 
there was increasing trend in the percentage of positive samples from Y. 
enterocolitica in pork (3.4% positive samples in 2009, and 4.1% positive samples in 
2010). In 2011 the proportion of positive samples reported for pork was reduced by 
40% compared to 2010 (2.4%) (14, 15, 16, 17, 18, 19). 

 
Food-borne outbreaks caused by meat pathogens or bacterial toxins in EU 

 
An outbreak useful for food attribution was defined as a food-borne 

outbreak for which were identified both the etiology and the food vehicle. As shown 
in the study conducted by Greig and Ravel (6), at any point in the food chain, 
cross-contamination, environmental contamination or contamination by food 
handlers can occur.  

In this paper are processed foodborne outbreaks data from EFSA reports. 
The reporting of investigated food-borne outbreaks in EU has been 

mandatory for EU members‘ states since 2005. Starting in 2007, harmonized 
specifications on the reporting of food-borne outbreaks at EU level have been 
applied.  

Reported data by EFSA in 2009 regarding the food-borne outbreaks in EU 
and presented in this study were based on verified outbreaks, where laboratory 
detection of the causative agent in the food vehicle (meat and meats products). 
Beginning to 2010 the distinction between verified and possible food-borne 
outbreaks was abandoned. Therefore, in 2010, 2011 and 2012, outbreaks were 
categorized as having strong evidence or weak evidence based on the strength of 
evidence implicating a suspected food vehicle (20). Among these only strong-
evidence outbreaks caused by the most important pathogens transmitted by eating 
meat and meat products were taken into account. 

Analyzing the data presented in Table 4 can be observed that meat and 
meat products represent over 15% of all food verified (2009) or possible (2010-
2012) food vehicles of food-borne outbreaks reported in EU.  

The lowest proportion of meat and meat products involvement in food 
poisoning were found in 2011 (15.5%) and in 2009 (17.3%), and the highest 
percentages were in 2010 and 2012 (20.2%, for both years). When compared with 
2011, in 2012 is distinguished increased proportion of contribution of meat and 
meat products from pigs, cattle and other or mixed meat food-borne outbreaks. For 
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broiler meat and products thereof as food vehicles of food-borne outbreaks trend is 
decreasing beginning from 2011. 

 
Table 4 

Meat and meat products* as food vehicles of food-borne outbreaks reported 
in EU (processed after EFSA reports 17, 18, 19, 20) 

Meat and products thereof origin Year 

2009 2010 2011 2012 

Pig meat and products thereof 7.8% 4.9% 3.6% 5.4% 

Bovine meat and products thereof 2.5% 3.3% 1.9% 3.0% 

Broiler meat and products thereof 3.6% 6.0% 4.7% 4.2% 

Other or mixed meat and products thereof 3.4% 6.0% 5.3% 7.6% 

Total 17.3% 20.2% 15.5% 20.2% 

Note: Meat and meat products* include pig meat, bovine meat, broiler meat, other (poultry meat, turkey, 

sheep meat, mixed or unspecified meat and meat product 
 

Data reported by EFSA shown that Campylobacter was the most common 
agent involved in food-borne outbreaks transmitted by meat and meat products in 
EU, throughout the period considered (2009-2012). In 2012 Campylobacter 
recorded the highest proportion (72%). Food poisoning was caused by 
Campylobacter in the majority of cases by eating broiler meat and products thereof 
(63% in 2010; 45.9% in 2011 and 44.0 in 2012, respectively).  

 
Table 5 

Agents responsible for food-borne outbreaks transmitted by 
meat and meat products* in EU (processing by EFSA reports EFSA 17, 18, 19, 20) 

 

Microorganisms/ toxins Year 
2009 2010 2011 2012 

Salmonella 15.1% 19.4% 14.8% 19.6% 
Campylobacter 56.2% 70.4% 67.5% 72.0% 

Bacillus toxins 18.7% 3.8% 12.8% 21.0% 

Clostridium toxins 42.6% 62.6% 32.4% 39.0% 

Staphylococcal toxins 17.1% 31.7% 17.0% 25.9% 

Note: Meat and meat products* include pig meat, bovine meat, broiler meat, other (poultry meat, turkey, 

sheep meat, mixed or unspecified meat and meat product 
 
On the second place are Clostridium toxins as agents involved in triggering 

outbreaks by eating meat and meat products. The increased incidence has been 
found in 2010 (62.6%) and in the following period there was a tendency of reducing 
the proportion of involvement of this pathogen (32.4% in 2011; 39% in 2012). 

The food-borne outbreaks in which the causative agent was reported as 
Staphylococcal toxins was ranked third as a percentage in 2012. Is interesting to 
note the proportion increased by over 50% compared to 2011, but a reduction of 
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almost 30% when compared to 2010. Poultry meat was involved in over 8% 
outbreaks caused by staphylococcal toxins in 2011, and 2012, respectively. Also, 
the percentage of outbreaks generated by Bacillus toxins and implicating meat and 
meat products was higher by 60%, compared to 2011 (Table 5). 

An increase in the proportion of outbreaks related to Salmonella was 
observed both in 2012 and in 2010, compared to previous years (2011, and 2009, 
respectively), and the proportion of growth was about 5%. 

 
Conclusions 

 
Campylobacteriosis are the frequent causes of reported zoonosis in 

humans, in the EU, since 2005. The proportion of Campylobacter positive 
samples of broiler meat remained increased throughout 2004-2012 period. The 
lowest incidence was in 2012 (23.6% of the samples of broiler meat were positive.  

In red meat Salmonella was isolated in low percentage, less than 1% 
beginning 2008. In broiler meat, the highest incidence of Salmonella was in 2006 
(6.3% positive samples). In 2012 the lowest occurrence of Salmonella in broiler 
meat (from 2004 to 2012) has registered (4.1%). 

L. monocytogenes was isolated most commonly in RTE bovine meat 
products in 2011 (8.9% positive samples). In poultry meat product proportion of 
Listeria positive samples was low, recording a decreasing trend beginning to 2010.  

VTEC positive fresh bovine meat presented similar values in 2011 and 
2012, over 1%, (0.3%, and 0.1% respectively VTEC O157). During the period 
2006-2012, the highest levels of contamination of the meat of bovine VTEC were 
reported in 2009 - 2010 (VTEC-positive and VTEC O157-positive fresh bovine 
meat were 2.3% and 0.7%, respectively). 

Yersinia spp. From 2006 to 2009 the tendency of reducing in the 
incidence of Y. enterocolitica in pork samples was observed. Thus, in 2006, 4.9% 
of samples were contaminated with Y. enterocolitica, in 2007, the proportion was 
reduced to less than half (2% positive samples), and in 2008, the degree of 
contamination remained at the same level (1.8% positive samples). In 2011 the 
proportion of positive samples reported for pork was reduced by 40% compared to 
2010 (2.4%). 

Meat and meat products represent over 15% of all food vehicles of food-
borne outbreaks reported in EU, beginning 2009. The lowest proportion of meat 
and meat products involvement to food poisoning were found in 2011 (15.5%) and 
in 2009 (17.3%), and the highest percentages were in 2010 and 2012 (20.2%, for 
both years).  

o Campylobacter was the most common agent involved in food-borne 
outbreaks transmitted by meat and meat products in EU, throughout 2009-
2012. In 2012 Campylobacter recorded the highest proportion (72%). 

o Clostridium toxins as agents involved in triggering outbreaks by eating 
meat and meat products were on the second place. The increased 
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incidence has been founded in 2010 (62.6%) and in the following period 
was a tendency of reducing the proportion of involvement of this pathogen. 

o Staphylococcal enterotoxins were ranked third as a percentage in 2012, 
followed by Bacillus toxins. 

o Salmonella as agent involved in food-borne outbreaks transmitted by 
meat and meat products registered the high proportions, about 20% in 
2010 and 2012, respectively. 
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Summary 

 

Soil pollution by livestock waste is due to the management of animal waste 
resulting from farming activities, both in terms of collection and storage, and from the point of 
view of quantity and type used to fertilize farmland. Sampling location was established 
depending on swine farms neighbouring regions to determine the possible pollution. Test 
samples used were from soils taken from five locations: Pădureni, Parța, Voiteni, Peciu Nou 
and Ciacova. Samples were taken from a depth of 10 to 20 cm, in two places, at: I = 100-
300 m and II =500-1000 m away from swine farms for samples from localities Parța, Voiteni, 
Ciacova, Pădureni, and for Peciu Nou it was also additionally collected a sample from a 
distance of over 1000 m from the swine farm present in the area. The samples gathered 
where compared with soil samples taken from a zone without risk of pollution from swine 
manure. The analysis of nitrate presence was accomplished using disulphonic acid and 
ammonium hydroxide added after the evaporation to dryness of supernatant obtained from 
soil sample. In order to detect phosphate it was used a test with ammonium molybdate and 
hydroquinone, a colour proportional with phosphate concentration resulting. Chlorides 
presence was identified by using HI3815 kit (Hanna Instruments). The chemical analysis 
revealed the highest and lowest amount of nitrate, phosphate and chlorides in soils 
surrounding swine farms in our region. The highest amount of nitrate was in soil samples 
from Parța at a distance of 500-1000 m from the swine farm. The maximum level of 
phosphate was obtained from Voiteni farm at a distance of 500-1000 m. The highest 
chlorides levels were from a distance of about 1000 m of the swine farm in Peciu Nou. 

Key words: nitrate, phosphate, chlorides, soils, samples 

 
Soil pollution by livestock waste is due to the management of animal waste 

resulting from farming activities, both in terms of collection and storage, and from 
the point of view of quantity and type used to fertilize farmland. In Timiș County, the 
area polluted by livestock waste is 282 ha (20). 

Swine manure application on soil for long period leads to increased levels 
of potassium, magnesium and phosphorus causing a disturbance of soil nutrient 
profile (6, 15). 

The consequences of using swine manure as part of soil fertilization 
consists in the quality of organic matter, nutrients, micronutrients and other 
additional factors such as additives, animal health products and pharmacological. 
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Animal manure is an important factor in spreading diseases, so animal 
waste assessment algorithm aims to protect water and soil from a hygienically and 
epizootic point of view (5, 14, 16, 17). 

 

Materials and methods 

 

The establishment of sampling locations was made dependent on swine 
farms neighbouring regions to determine the possible pollution. 

Test samples used were from soils taken from five different locations: 
Pădureni, Parța, Voiteni, Peciu Nou and Ciacova. 

Samples were taken from a depth of 10 to 20 cm, in two places, at: I = 100-
300 m and II =500-1000 m away from swine farms for samples from localities 
Parța, Voiteni, Ciacova Pădureni, and for Peciu Nou was also collected a sample 
from a distance of over 1000 m from the swine farm present in the area. 

In addition to the samples in the vicinity of swine farms in Timis County we 
wanted to compare the results with those of soil samples taken without risk of 
pollution from swine manure, taken from a park ("Pădurice") of an area of 
Timișoara city. 

 
Methodology 
In order to determine nitrates it was used about 2 g of sample in which it 

was obtained by drying manoeuvres, addition of bi-distilled water and centrifugation 
the supernatant used in determinations. From supernatant it was taken 1 ml and 
then added disulphonic acid and ammonium hydroxide, and the reading of samples 
was performed at 415 nm lightweight. 

For phosphate detection and rapid determination it was used a ammonium 
molybdate and hydroquinone test, a colour resulting, proportional to the 
concentration of phosphate present in sample (8). The samples reading in order to 
determine the amount of phosphate was realised at 655 nm.  

Finally, Chlorides presence in samples was performed by using the test kit 
HI3815 (Hanna Instruments) by using in stages: diphenylcarbazone, nitric acid and 
mercuric nitrate, with a colour ranging from red-yellow-purple. 

 
Results and discussions 

 
In order to achieve calibration curve there were chosen three standards 

whose absorbance was read together with samples (Table 1).  
The calibration curve was traced in the Excel programme and there were 

calculated the line equation (y) and the correlation coefficient (R
2
) (fig. 1). 

 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 

 

 92 
 

 

Table 1 
Nitrates of test samples 

Sample Quantity of nitrates in 
sample ( ppm) 

1a 2.365 2.375 

1b 2.605 2.650 

2a 7.020 6.710 

2b 1.850 1.750 

3a 1.670 1.660 

3b 1.375 1.410 

4a 3.105 3.205 

4b 4.570 4.770 

4c 5.400 5.265 

5a 3.865 3.815 

5b 9.840 10.385 

C 1.485 1.485 
 

 

 
Fig. 1. Calibration curve for standard samples 

 
According to the Regulation and Standardization Administration AR 

267/2001 limits for nitrates at a depth up to 60 cm in soil are between 75- 240 
lb/acre (37.5 to 120 ppm) (19). 

Koechler (7) obtained from his research a quantity of 28 ppm nitrate in soils 
and researchers at Pennsylvania College of Agricultural Sciences (12) have ranged 
values between 25 and 36 lb/gal (1 lb/1000 gal= 120 ppm) obtained from nitrates 
accumulation in soil during ten years of monitoring. 

Nooshin (14) obtained nitrate values in soil of 15-17 ppm. 
Iqbal (4) observed that due to discharge of animal wastes in soil the nitrate 

concentration was between 47.7 and 56.7 ppm (4). 
The results obtain after soil testing for phosphates in Banat County is 

presented in Table 2 and Figure 2. 
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Table 2 
Amount of phosphate in samples 

Sample 
Quantity of phosphate in 

sample (ppm) 

No. First reading Second reading 

1a 0.905 0.960 0.745 0.745 
1b 0.535 0.555 0.575 0.570 
2a 0.295 0.235 0.275 0.265 
2b 2.220 2.275 2.300 2.685 
3a 0.355 0.330 0.315 0.275 
3b 0.620 0.645 0.510 0.520 
4a 0.005 0.005 0.025 0.015 
4b 0.020 0 0.025 0 
4c 0.720 0.735 0.575 0.605 
5a 1.150 1.230 0.815 1.090 
5b 0.605 0.605 0.525 0.545 
C 1.225 1.240 1.200 1.315 

 
 
 

 
Fig. 2. Calibration curve for phosphate standard samples 

 

Koehler et al. (7) identifies a content of 22 ppm phosphates in tested soils. 
Meek (13) conducted measurements of phosphate in soils obtaining values 

between 16 to 31 ppm. 
Eghball at al. (2) obtained values of 23-61 ppm phosphate in soil and 

DeRouchey et al. (1) values of 250 lb/1000 gal phosphate in tested soils. 
Researchers at the University of Manitoba, Canada, investigated the 

effects of discharges of manure on soils during 2003-2007 with recorded values of 
phosphates in soil less than 60 ppm (23). 
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Mallarino et al. (10) consider a phosphorus content of 11-89 ppm and a 
year later the same researcher (11) identifies phosphate between 5-10 lb/ton for 
soils where they spilled swine manure. 

According to the Minnesota Pollution Control Agency the accepted value of 
phosphate in soil is not more than 60 ppm (22). 

According to the Guidelines for the application of manure in Wisconsin, the 
phosphates in soil will be maintained within the limits of 102-105 ppm (9). 

 
Table 3  

The amount of chloride in test soil supernatant 
 

Soil samples 
Chloride levels after 

testing (mg/L) 

P1a(Pădureni) 10 
P1b(Pădureni) 30 
P2 a (Voiteni) 35 
P2 b (Voiteni) 20 

P3 a (Ciacova) 30 
P3 b (Ciacova) 45 

P4 a (Peciu Nou) 20 
P4 b (Peciu Nou) 35 
P4 c (Peciu Nou) 60 

P5 a (Parța) 45 
P5 b (Parța) 55 

C(Park Pădurice) 40 

 
From the data obtained there are observed high levels of chlorides for 

samples at a distance of 500-1000 m from the values obtained at a short distance 
from the farm (area 100-300 m) (Table 3).  

The average value of chlorides in soil in Great Britain is 50 mg/L and in 
California of 12-18 mg/L (21). 

Henning (3) considers a level of chlorides in tested soils of 3.1-8.1 ppm (3). 

Conclusions 

The maximum amount of nitrate was recorded for sample 5b taken from a 
distance of 500-1000m from the farm in Parța.  

Large amounts were recorded for samples from Voiteni and Peciu Nou and 
are not being dependent on the distance from the farm. 

Minimum quantity of nitrate has been taken from sample 3b in Ciacova, at 
a distance from swine farm ranging between 500-1000 m. 

In the soil sample collected from the area free from contamination with 
swine manure, sample C, there was a reduced amount of nitrates, but still higher 
than sample 3b, which is located on the perimeter of swine farms. 

http://www.pda/
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The largest amount of phosphate was observed for sample 2b taken from 
Voiteni and the minimum value recorded in testing was in Peciu Nou, both samples 
were collected from a distance from swine farms between 500-1000 m. 

The level of phosphates in sample C, sample located outside contact with 
swine manure was recorded as superior values from those obtained from swine 
farms around most of the locations investigated. 

The maximum amount of chloride was obtained from Peciu Nou at a 
distance of 1000 m from the swine farm. Increased values were recorded in Parța 
from both harvesting locations, both at a distance of 100-300 m and at a distance 
of 500-1000 m from the farm. 

The smallest amounts of chlorides were observed to be in Pădureni, at a 
distance of 100-300 m from the swine farm. 
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Summary 

 
The presence of pathogenic fungi in the environment of animals shelters play an 

important role for the health and welfare of both human and animals. 
The aim of this work was to evaluate the number and type of pathogenic fungi that 

are present in a rabbit shelter with natural ventilation, starting from the numerous cases of 
dermatomycosis reported in humans. Were evaluated not only the typical environmental 
fungi but also the dermathophytes (Microsporum and Trichophyton). Data were collected 
during summer and autumn (July – November). Was used Sabouraud Agar and Dermasel 
Agar (Oxoid). 

Aspergillus, Penicillium, Alternaria and Cladosporium were the most frequently 
isolated species Among the isolated dermatophytes species, more frequently 
dermathophytes were Microsporum canis, Microsporum gypseum and Trichophyton 
mentagrophytes. From the persons that work in the shelter a percent of 30 was affected by 
dermatomycosis 

The results underline the importance of controlling the microorganism load of 
animal‘s environment, especially of those species that are particularly sensitive to 
pathogenic microorganism 

Key words: pathogenic fungi, rabbit, dermatomycosis 

 
In the environment of animals‘ shelters there are a big number of 

microorganisms that could play an important role for the health and welfare of both 
human and animals (7, 9). A lot of fungi species are recognized as a causative 
agents of fungal allergy, being implicated in Organic Dust Toxic Syndrome and 
allergic alveolitis (2, 14,15). Furthermore, in rabbit farm, the dermatophytes are a 
public health concern because of their transmissibility from animal to human and 
from human to human (6, 13). 

In recent years, numerous studies reported the transmission of 
dermatophytes in human by rabbits (18, 21). 

From all dermatophytes species a big risk in human and animals‘ infection 
present Trichophyton mentagrophytes and Microsporum canis The T. 
mentagrophytes spread possibility by lagomorphs and rodents has been proven 
and associated with the presence of infected animals in work areas (11, 19). 
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The aim of this work was to evaluate the number and type of pathogenic 
fungi that are present in a rabbit shelter with natural ventilation, starting from the 
numerous cases of dermatomycosis reported in humans. Were evaluated not only 
also the dermathophytes (Microsporum and Trichophyton). But also the typical 
environmental fungi. 

 
Materials and methods 

 
From July to November 2013 a total of 80 samples were collected from a 

rabbit shelter that were reported the development of skin lesions to working staff. 
The rabbit‘s shelter was provided with natural lighting, ventilation through windows 
and chimney stacks and carried through inlets disposed between windows. The 
rabbits were housed in wooden individual cages having doors fitted with wire mesh 

The cages were arranged on three levels. Manure removal was done 
individually, ensuring each cages bedding. Were taken and processed 80 samples, 
of which, each month, two air samples for total aerobic mesophilic bacteria and 
total fungi, 10 samples of rabbit and 10 samples from working people (crusts and 
scraped) who had erythematous lesions more to less boarded. 

Air sampling was done by free sedimentation method, using nutrient agar 
for total aerobic mesophilic bacteria and respectively Sadouraud dextrose agar with 
chloramphenicol 0.5% for total number of fungi. The exposure time for the Petri 
dishes with culture media for mesophilic bacteria was 5 minutes and 15 minutes for 
fungi. For bacteria the incubation temperature was 37ºC and for fungi the 
temperature was 25 º C. The mesophilic bacteria colonies were counted after 24 
hours of incubation and the fungi colonies were counted after three; 5 and 7 days. 
The concentration of mesophilic bacteria and viable fungi in that environmental 
were expressed as colony forming units per one cubic meter of the air (cfu/m

3
) 

Sampling of animals hair and human crusts and scraped material was 
achieved in sterile Petri plate after that region was sanitized with 70% ethanol, 
using sterile scalpel blades. For these samples inoculation was used Sadouraud 
dextrose agar with 0.5% chloramphenicol and the incubation was done for one 
week at 25°C. 

Developed fungi colony have been numbered and after that were are 
passed in order to obtain pure cultures on Petri dishes with Sadouraud dextrose 
agar added with 0.5% chloramphenicol. Each colony was identified at level species 
on the basis of the colony morphology and by microscopic examination of the 
hyphae, macroconidia and microconidia according to different manuals (8, 17). 

The obtained data were processed using Microsoft Excel XP and Statistica 
5.1 software 
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Results and discussions 
 

In Table 1 is presented the mean values for mesophilic bacteria and fungi 
numbers found on this study in a rabbit shelter  

 
Table 1 

The concentration of microorganism in a rabbit shelter 
Airborne 

microorganis
ms 

The concentration of microorganism  

(mean CFU  SE per m
3
 of air) 

July August September October November 

Mesophilic 
bacteria 

 

 
16.4 x 10

4 

±
 
30351.6 

 
 

 
18.9 x 10

4 

± 16356.1 

 
35.6 x 10

4 

±
 
20693.4 

 
59.3 x 10

4
 

± 37393.8
 

 
87.4 x 10

4 

± 72416.2 

Fungi 
34.2 x10

3 
± 

328.5
 

64.7 x 10
3 

± 2093.1  
76.2 x 10

3 

± 3845.8 
88.3 x 10

3 

± 1416.1 
91.5 x 10

3 

±734.3 

Proportion 
between total 
mesophilic 
bacteria and 
fungi (%) 

20.79 18.01 21.36 14.36 10,46 

 

During the investigation the number of mesophilic bacteria varied between 
34.28 x10

3 
and 91.54 x 10

3
, and the number of fungi varied from 34.28 x10

3 
to 

91.54 x 10
3
. From the presented result it could be seen that both total number of 

mesophilic bacteria and fungi had and ascendant evolution, the maximum values 
obtained were in November. Even so, the fungi proportion from total number of 
bacteria oscillated, the lower value as observed in October and the biggest values 
were in July and in November. 

In table 2 are presented the proportion of the fungi species identified in air 
samples from total number found inside the rabbit shelter. 

Thirteen species ascribe to nine fungal genera were isolated and identified 
from the air of investigated rabbit shelter. Species from the genera of Aspergillus 
and Penicillium, made up a vast majority of the identified isolated.  

The fungi from Aspergillus genera predominated (44.8%) followed by those 
from Penicillium genera (24.3%). From those Aspergillus niger (26.4%) prevailed of 
all the identified isolates, followed by Aspergillus flavus (10.6%). It is important to 
underline that Aspergillus niger was the most representative specie found in this 
shelter, in all period. Presence of opportunistic pathogens from genus of 
Aspergillus poses a risk of invasive aspergillosis in farm workers and in poultry. 
According to published data the inhalation of a large amount of the Aspergillus 
candidus spores caused Organic Dust Toxic Syndrome in a group of polish student 
after shoveling grain (4). A. versicolor was identified as a cause of allergic alveolitis 
(10). 
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Penicillium genus was represented by Penicililum expansum (13.2%), 
Penicillium crysogenum (7.9%) and Penicillium aurantiogryseum (3.2%). Moreover, 
fungi from Fusarium genus was also found in big proportion (19.6%) followed by 
those from Alternaria genus (12.3%) and by those from Cladosporium genus 
(11.3%). The results of this study are comparable to other studies that have been 
published. These reported highly variable data on the total number of bacteria in 
animals houses, ranging from 10

4
 to 10

6
 CFU/m

3
 (16, 4). 

The concentration of microorganisms in the air is of great importance as 
much as the presence of particular fungi species considering their potential 
pathogenic effect on the health status. Penicillium fungi and the others isolated 
species are recognized as causative agents of fungal allergy (14, 15).  

 
Table 2 

The proportion of fungi species identified in air samples from a rabbit shelter 

Fungi species 
The proportion of fungi species identified 
in air samples from a rabbit shelter (%) 

Aspergillus fumigatus 7.8 

Aspergillus flavus 10.6 

Aspergillus niger 26.4 

Penicililum expansum 13.2 

Penicillium crysogenum 7.9 

Penicillium aurantiogryseum 3.2 

Alternaria sp. 12.3 

Rhizopus sp. 5.7 

Mucor sp. 4.7 

Fusarium sp. 19.6 

Cladosporium sp. 11.3 

Trycophyton 3.6 

Microsporum 2.1 

 
The results of identified dermatophytes species in samples from animals 

and workers from rabbit shelter are presented in table3. 
In this study, the proportion of dermatophytes positive samples from 

animals in relation to the total examined samples was lower than the human 
positive samples. From all 10 samples taken from animals seven were positive for 
dermatophytes and in human samples nine was positive. In animals samples, 
Tricophyton mentagrophytes were identified in big proportion (40%) followed by 
Microsporum canis (20%). In human samples, the most representative species was 
Tricophyton rubrum (30%) and Microsporum gypseum (30%). The high incidence 
of T gypseum in hima samples could be explain to free circulation of other domestic 
animals in the shelter, as dogs and cats, which are known as asymptomatic 
carriers for this dermatophyte species Tricophyton rubrum is an anthropophilic 
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fungi known to inhabit moist areas of the human skin, where skin folds, or even 
nails, where keratin is abundant for its growth and survival. T. rubrum may also 
contaminate items such as clothing or bedding (5). Microsporum gypseum is a soil-
inhabiting fungus, a geophilic ones, that cause of ringworm in dogs, horses, and 
occasionally other animal species. The species is causing sporadic 
dermatophytosis in humans. There is only few reports regarding the implication of 
these specie in animals infection and human (11, 20). 
 

Table 3 
The proportion of dermatophytes species identified in rabbit hair and human 

crusts 

Fungi species 

The proportion of dermatophytes species 
identified in (%) 

Rabbit hair 
(n=10) 

Human crusts and 
scraped material 

(n=10) 

no % no % 

Tricophyton mentagrophytes 4 40 1 10 

Tricophyton verrucossum 1 10 1 10 

Tricophyton rubrum - - 3 30 

Microsporum canis 2 20 1 10 

Microsporum gypseum - - 3 30 

Total 7 9 

 
T. mentagrophytes is reportedly more frequently from laboratory and 

guinea pigs than rabbits but in studies done in rabbit farm this specie was isolated 
in a very hight proportion (from 30% to 79.8%) (1, 18, 19, 21). 

Microsporum canis was found in a big proportion in some reported studies 
and the explication of this of done by the contact of rabbit with outdoor housing 
animals, especial with cats and dogs (3). 

 
Conclusions 

 
In the rabbit shelter with natural ventilation the mesophilic bacteria and 

fungi are presented in high concentration. 
Thirteen species ascribe to nine fungal genera were isolated and identified 

from the air of investigated rabbit shelter, some of these opportunistic pathogens 
poses a risk of invasive aspergillosis in farm workers or could be a potential 
allergens. 

There is a zoonotic transmission of dermatophytes in rabbit shelter 
because some fungi species were isolated animals and humans 

The source of infection in humans and in rabbits could be mainly 
represented by dogs or cats that are free moving in the shelter. 
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It is important to determine the source and the route of transmission of 
dermatophytoses in order to control zoonotic infections and to reduce economic 
losses in livestock industry. 
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Summary  

 
Closridium difficile (Cl.difficile) is a Gram-positive sporogenous strictly anaerobic, 

which in the last decade become the most important anaerobic bacteria in nosocomial 
human pathology. Cl.difficile is the etiological agent of more than 20% of diarrhea 
postantibiotics, over 95% of pseudo-membranous colitis and the first cause of nosocomial 
infectious diarrhea in adults. Although this bacteria usually colonize the intestine of 
vertebrates (the normal microbiota), toxinogenic strains (tcdA and tcdB) are pathogenic in 
the digestive tract. Carriage of Cl.difficile is commonly in farm animals or pets. There has not 
been an established definite link with diarrheal disease in animals, but excess used of 
antibiotics (treatment or pre-mixes) it is probable. Also, given the increased of spores 
resistance to environment, zooantroponotic contamination it is possible, with strains which 
may already be resistant to antibiotics. The main causes of this infection are decreased 
resistance to antibiotic-induced colonization, contamination with a pathogenic strain of 
Cl.difficile, secretion of A and/or B toxins and deficient immune response. Microbiological 
diagnosis is made by several methods and techniques for bacteria or toxins identification. It 
is important to continue this research on the microbiology and epidemiology of Cl.difficile to 
optimize prevention and therapy of diseases associated with this bacterium en vogue. 

Key words: antibiotics, Clostridium difficile, epidemiology, nosocomial infection, 

toxins 

 
Clostridium difficile (Cl.difficile) is a gram-positive sporogenous bacillus, 

strictly anaerobic, which in the last decade has become the most important 
anaerobic bacteria in human pathology. Cl.difficile is the etiological agent of more 
than 20% of post-antibiotic diarrhea, over 95% of pseudo-membranous colitis and 
the first cause of nosocomial infectious diarrhea in adults. Although this bacteria 
usually colonize the intestine of vertebrates (the normal microbiota), toxinogenic 
strains (tcdA and tcdB) are pathogenic in the digestive tract. 

Carriage of Cl.difficile is commonly in farm animals or pets. There has not 
been an established definite link with diarrheal disease in animals, but excess used 
of antibiotics (treatment or pre-mixes) it is probable. Also, given the increased of 
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spores resistance to environment, zooantroponotic contamination it is possible, 
with strains which may already be resistant to antibiotics. 

The main causes of this infection are decreased resistance to antibiotic-
induced colonization, contamination with a pathogenic strain of Cl.difficile secretion 
of A and/or B toxins and deficient immune response. As a result, clinical forms can 
be diverse from apparently healthy carriers, simple diarrhea, pseudo-membranous 
colitis, severe (toxic megacolon, perforation, etc..) even to the point of exitus, 
especially in the elderly. 

Death by Cl.difficile infection is three times more frequent than 
Staphylococcus aureus MRSA. Even if patients are treated appropriately, relapse 
(either relapse or reinfection) occur in approx. 20% of the cases. Asymptomatic  
portage (colonization) is common, especially in infants, which implies the existence 
of community forms, diagnosed mainly in North America and the European Union 
(2). There are suspicions that the Cl.difficile toxins would be involved in the etiology 
of other diseases such as irritable bowel syndrome (IBS) whose etiology is not 
known, or Parkinson's, Alzheimer's, that, although they are statistically correlated 
with Cl.difficile it may be the reverse causal (8, 9). 

Microbiological diagnosis is made by several methods and techniques for 
bacteria or toxins identification. It is important to continue this research on the 
microbiology and epidemiology of Cl.difficile to optimize prevention and therapy of 
diseases associated with this bacterium en vogue. 

According to the Annual Epidemiological report: Reporting on 2011 
surveillance time and 2012 epidemic intelligence data, 2013, issued by the 
European Centre for Disease Prevention and Control (ECDC), of a total of 15 000 
reported HAIs 7.7% were gastro-intestinal infections from which 48% were 
Cl.difficile infections. Considering the fact that in Romania more than 92.3% of 
patients received antimicrobial prophylaxis in surgery longer than a day, the risk 
associated with Cl.difficile HAI is high (11). 

 
Clinic 

 
Cl.difficile infections (CDI) are divided into two categories depending on 

severity: simple post-antibiotic diarrhea and colitis pseudo-membranous. This 
diagnosis is suspected in the presence of any post-antibiotic diarrhea as well as in 
ileus fever, leukocytosis abdominal pain at elderly patients who were treated with 
antibiotics, etc. 

In simple forms of diarrhea the general signs may be absent and the 
endoscopic examination shows a normal or eroded mucosa,  discontinuing 
antibiotic is followed in 25% of cases of clinical improvement after 2-3 days. 
Continued antibiotic is an important factor for extension of diarrhea or relapse. 

Pseudomembranous colitis represents up to 9% of the CDI. They debut 
with abundant liquid diarrhea, more than 7 stools per day, with heterogeneous 
appearance and without blood. They are accompanied by fever in 75% of cases 
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and abdominal pain in 70% of cases. Symptoms are nonspecific leukocytosis up to 
80.000 PMN/µl, extracellular dehydration caused by exudative enteropathy. 
Confirmation of the diagnosis is made by gastrointestinal endoscopy which allows 
visualization of yellow aftoide lesions, called pseudomembrane, on the colonic 
mucosa.  

In the first stage they are isolated and after confluence. Endoscopy is 
indicated in CDI forms with severe onset and in diarrhea without apparent etiology, 
but this exam is difficult on fragile or elderly patients. Complications can be septic 
shock and toxic megacolon which can lead to perforation of the colon, that may 
require colectomy, or death. 

The proportion of severe forms is different in different studies, between 7-
18%. Mortality ranges from 0.6 - 3%, but in case of complications between 35-50%. 
Some studies show increased mortality in North America and in EU cases have 
doubled in recent years, reaching 24/milion, Cl.difficile being involved 3 times more 
frequently than MRSA in case of deaths. 

Relapses occur in 20% of cases in the first two months after the initial 
episode. In 50% of cases they are related to persistent pathogenic strain in the 
digestive tract, in the form of spores which cause relapse, or reinfection by a new 
strain most often during hospitalization. There have also been identified 
simultaneous presences of several strains in the same patient. 

About 3% of adults are often asymptomatic carriers, most often with strains 
netoxinogene, but the specific toxins can rarely be revelead in the stool of 
asymptomatic patients. In infants porting toxigenic strains is frequently 
asymptomatic between 5-70%, but with no known explanation. 

Although most infections are nosocomial infections some may be community 
infections. In the EU there are registered 17.5% diarrhea postantibiotice of which 
66% with limited duration of one day. After two weeks of antibiotics frequency is 
3.8%,  but 70% of them are toxigenic. Many cases have been reported in North 
America but highly pathogenic strain 027 was not isolated in community infections. 
Differential diagnosis is made with other infectious diarrhea with bacterial, viral, 
fungal or parasitic patology or other noninfectious causes, for example the beneficial 
effect of some "in fashion" medications is in reality only laxative (supplements to 
strengthen immunity, sugar-free sweets prepared with magnesium and decaffeinated 
food) unrelated with etiology of Cl. difficile infections (3). 

 
Microbiological diagnostic 

 
CDI diagnosis is based on direct pointing of toxins in the stool or the 

isolation of  a toxinogenic strain of Cl. difficile, because only these are pathogenic. 
Microbiological diagnosis is done by several methods and techniques for 

identification of bacteria or toxins. Cultivating from the stool is made on selective 
media, with added blood, fructose, cycloserine and cefoxitin, incubated 
anaerobically for 48 hours at 37°C or on biochemical galleries for MiniApi 
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equipment, methods used also by us. Samples were diluted in liquid I medium 
activated and seeded on solid medium under anaerobic conditions using Bittner 
method or carbon dioxide incubator. In parallel we used reagents and galleries 
BioMerieux: Rapid ID32A , API 20 , ABG Ana, etc..  

Microbiological results were good, but the culture does not provide 
information about toxigenesis. The smear for optic microscopy is pathognomonic, 
appear gram–positive bacilli, long, clubs, with terminal and isolated spores, which 
can be seen with Gray coloration. Although it may be suspected the presence of 
Cl.difficile, we can not differentiate between pathogenic or nonpathogenic strains, 
as a result the examination must be completed with toxigenic and molecular 
biology tests . In recent years Cl.difficile strain 027 was found to be the most 
pathogenic and more virulent, being involved in the worst forms of epidemic 
episodes. 

Cytotoxicity assay reveal the cytopathic effect of fecal filtrate with pg 
sensitivity. Immuno-enzymatic assay enables rapid diagnosis, first generation with 
ELISA the second generation by immuno-enzymatic or immuno-chromatography 
cassette. Molecular biology techniques based on quantitative real-time PCR 
detected in stool and tcdA and tcdB genes, that are responsible for toxigenesis with 
very good sensitivity and specificity. Through cultivation and microscopy Cl.difficile 
can be revealed in the stool or on contaminated surfaces; spores are resistant in 
the environment and are found in nosocomial flora. In feces it can be revealed a 
characteristic enzyme, glutamate dehydrogenase (GDH) by immuno-enzymatic 
assay correlated with the outcome of cultivation, or latex agglutination test with 
antiGDH antibody. 

Epidemic strain described today in North America and the EU have the 
following characteristics: PCR 027 ribotip (10) pulsotip NAP 1 in pulsed field 
electrophoresis, restriction enzyme profile BI, toxinotip III after toxinopatterns 
method, Rupnik, positivity binary toxin ADP-ribosyltransferase specific for actin, a 
18 bp deletion in tcdC gene that controls the expression of toxins a and B, 
overproduction of toxins a and B (16xA and 23xB) from other genotypes strains 
resistant to macrolides (erythromycin) and fluoroquinolone (moxifloxacin, 
gatifloxacin and levofloxacin). Techniques for identifying these features can be 
applied only in specialized laboratories and requires a period of two weeks for 
confirmation (2). 

In practice the diagnosis of CDI is based on highlighting toxin B in stool or 
highlighting toxigenic strain. Strains A-and B + can not be detected by enzyme 
immunoassay test which detects only current strain A. Isolation strain cultivation is 
a necessary step to characterize the epidemic clone 027, correct diagnosis is made 
by identifying the PCR profile. The presence of this clone is clinically suspected if it 
is diagnosed from a severe form of the disease, epidemiologically if there are more 
cases or microbiologically if isolated strain shows resistance to the new 
fluoroquinolones (moxifloxacin MICs above 4 mg/l) or erythromycin (MIC over 
256mg/l). These features are not specific clone 027, but justify making a stool 
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analysis in anaerobiosis to isolate the strain responsible and sending for expertise 
to a reference laboratory. 

 
Epidemiology 

 
Cl.difficile contamination is made by the fecal-oral path, interhuman is 

made by direct contact (hands) or contaminated environment. In the hospital 
environment contamination is easily explained by: dissemination of strains in area 
with patients with CDI (half of environmental levies from these patients rooms were 
positive), great resistance of spores on inert surfaces for several months, crowding 
patients accommodated in communal lounges, frequent care and therefore 
contamination by the hands of medical personnel; antibiotic selection pressure 
which causes decrease colonization resistance and promotes the development 
Cl.difficile. 

The main individual risk factors are advanced age and antibiotics. Several 
studies linking consumption of certain classes of antibiotics with CDI: clindamycin, 
cephalosporins III generation, macrolides, amoxicillin with clavulanic acid, 
cephalosporins and fluoroquinolones first generation. It seems that the role of 
fluoroquinolones in the emergence and spread of strains Cl.difficile 027 is linked to 
resistance to them (2). 

All factors which causes digestive ecosystem change, such as laxatives, 
antacids, antisecretory, slowdowns of transit, barium, gastrointestinal surgery, etc.. 
may favor this infection (3). 

In March 2014 there was reported to the Emergency Hospital in Ploiesti, 
Romania, an epidemic episode of 31 cases of illness with Cl.difficile post antibiotic, 
which were isolated and treated . They were, in generally, elderly from neurology, 
nephrology and therapy and intensive care wards (7). Episode deserve to be 
commented because it is a new diagnostic that few laboratories perform and that 
led to more accurate etiology of these infections. It is obvious that there was a 
deficiency in sanitation and management, but clinics and laboratory correctly 
identified the etiologic agent, so knowing the cause the effects can be treated. The 
situation resembles the underreporting of nosocomial infections in romanian 
hospitals, going sometimes to index 0 (zero), which can not be true, and this 
because of incompetence and excess of authority of decision-makers, who instead 
of taking appropriate measures chastise those who report problems. 

 
Treatment 

 
CDI therapy onset is usually with stopping the antibiotic incriminated, 25% 

of patients can be cured in 2-3 days. If symptoms persist is administered specific 
oral treatment  with metronidazole 1gr/day or vancomycin 1-2gr/day for 10 days. 
Metronidazole is preferred because equivalent treatment is cheaper and there is no 
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risk of selecting glycopeptide resistant germs such as staphylococcus aureus and 
entrococcus. 

Treatment of recurrence is often difficult with metronidazole or vancomycin 
repeated series in low doses which will be slowly decreased and in combination 
with probiotics (for example Saccharomyces boulardii yeast). Severe forms may 
require intensive care to maintain vital functions, surgery, for example colectomy in 
case of gastrointestinal perforation or toxic megacolon. MRI scans is an important 
technique for diagnosis preperforatie status compared to coloscopie which shows 
risk of perforation by gaseous inflation of colon. Antibiotic treatment of healthy 
carriers of Cl.difficile is not recommended, because it is ineffective in eradicating 
the sporulated bacteria definitive from the digestive tube.(5, 6) 

Given the limitations of antibiotic was imagined and practiced with good 
results, fecal microbiota transplantation from healthy to sick (4) or "synthetic seat" 
super-probiotic cultures obtained from continuous intestinal saprophytes bacteria 
(1).  

There is still no international consensus for defining CDI or surveillance 
methods, must take into account the local, regional and national epidemiological 
situation and available means. ECDC has created a working group who proposed 
criteria for reporting severe or grouped cases of CDI in order to be detected as 
early and kept under control. 

Complementary hygiene precautions are important, especially in units with 
beds: Individual reserve, hygienic hand washing (mechanical action of washing 
after removing gloves), gloves port from the entrance to the output of chamber, 
mask and goggles port, standard linens, use disposable medical devices and 
individualization of reusable materials, maintaining cleanliness and the use of 
sodium hypochlorite solution 0.5 % active chlorine and limit patient movement.(9) 

 
Conclusions 

 
Due to the increasing worldwide incidence of infections with Cl. difficile, the 

discovery of new way of transmitting of infection following studies on the genetic 
diversity of Cl. difficile strains (12) it is requires a new approach to topics related to 
Cl. difficile. 

CDI is an emerging infection, is the most important nosocomial anaerobic 
bacterium infections, although is found also in community infections. The bacterium 
is part of the normal intestinal flora in humans and animals, but there are also 
pathogenic, toxigenic and virulent strains and some are even highly pathogenic 
strain as Cl.difficile 027. 

Must be investigated all cases of nosocomial diarrhea with unknown 
etiology and suspicions of Cl.difficile, for the diagnosis, optimizing prevention, 
treatment and control of epidemics. 
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If CDI is confirmed and corresponds to a severe form or occurs in epidemic 
context it should be noted the Territorial Public Health and Anaerobic Reference 
Laboratory from NIRDMI Cantacuzino for diagnosis and appropriate measures. 
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Summary 
 

In this study we assessed the biochemical particularities of goat and ewe milks‘ 
composition and fatty acids profile with emphasis on the particularities found according to 
the area of production. All the samples (N=120) were gathered during the spring season 
from farms located in mountain areas of North Transylvania. Also, a number of samples 
(N=40) were collected from other geographical areas for comparison. The mean data of the 
analyzed parameters (fat, protein, lactose, fatty acid profiles) were compared using the 
ANOVA test. Our results showed that there are no significant differences in the amount of 
lactose and protein percent when compared to milk produced in other geographical areas 
but the fat and fatty acids contents are strongly influenced. When comparing the three 
feeding systems based on natural pasture in the plain, on hills and on mountains for goats 
and ewe milk, we noticed that on mountain pasture the fat and protein contents as well as  
PUFA percentages are statistically different (p<0.05). We concluded that ewe and goat milk 
produced in the mountain areas of Transylvania is healthier, containing a higher amount of 
PUFA and proteins, essential in human diet. Also the cheese quality production can be 
influenced by processing primarily the milk produced in these mountain areas. 

Key words: milk, fatty acids, goat, ewe, mountain.  

    
Small ruminants represent an important of source of milk in all parts of the 

world, especially in the Eastern countries of Europe.  Ewe and goat milk is 
preferred by the Romanian population due to the fact that it holds nutritional 
benefits in comparison to cow milk. These particularities actually come from the 
lipids, or more specifically from the amount of fatty acids within the lipids (3). The 
fat globules of goat milk are smaller in size than those of cow milk, which makes it 
more digestible (6). The proteins found in goat milk are also more digestible due to 
their constituent amino acids that are absorbed more efficiently (1).  

Nowadays, efforts have been directed to manipulate the fatty acid (FA) 
composition in goat and ewe milk. In this regard, the geographical area which 
influences the feed intake has been extensively studied (2, 8, 9,) but the changes in 
milk FA profile has not yet been discussed in Transylvania area. For this reason, our 
study is focused on the particularities of goat and ewe milk produced in mountain 
areas. It is of particular interest given that dairy systems are very much dependent on 
grazing and quality of feed. We have undertaken to investigate the relevant aspects 
in milk composition related to geographical areas and feeding regime.  
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Materials and methods 
 

The samples were gathered from 10mixed ewe and goat herds situated in 
north Transylvania. The samples were taken each month, 30 samples/month from 
ewe and goats fed on the same dietary regimen throughout the spring season, 
including green forages. After the sample collection, the raw, unpreserved samples 
were stored overnight at +4ºC and analyzed on the following day. Milk was 
analyzed for protein, lactose and fat content on a Milkoscan 134 (Foss-Electric A⁄C, 
Hillord, Denmark) (IDF standard 141 B:1996).  

Milk fat was extracted by using protocol previously described by Mihaiu et 
al. (7). The transesterification was done according to the following steps: the fatty 
acids were converted to methyl esters by reaction with boron trifluoride/methanol at 
80ºC for two hours in a closed Pyrex glass tube.  The content was transferred into 
a separatory funell. The extraction was made using 10 ml hexane. The hexanic 
fractions collected were dried using anhydrous sodium sulfate, filtered, 
concentrated under a nitrogen stream and finally re-eluted in 1 mL hexane. Fatty 
acids were analyzed by gas chromatography (GC) with flame ionization detection 
(FID). A 1µL sample was injected into the Shimadzu GC-17A series gas-
chromatograph, equipped with a 30m polyethylene glycol coated column (Alltech 
AT-WAX, 0.25mm I.D., 0.25µm film thickness). Helium was used as the carrier gas 
at a pressure of 147 kPa. The injector and detector temperatures were set at 
260ºC. For the oven temperature the following program was used: 70ºC for 2 min. 
then raised to 150ºC at 10ºC/ min. rate  and held at 150ºC for 3min., then further 
raised up to 235ºC  at a 4ºC/min.   

 
Results and discussions 

 
The results regarding the biochemical compounds revealed that there were 

significant changes between the average values recorded in spring at ewes and 
goats. The most obvious difference was noticed at fat percentage (6.5% vs. 3.2%). 
As noticed in figure 1, the values obtained in the fat percent are higher than the 
ones reported in the field literature. The reason might be the traditional breeding 
system and the characteristic nutrition.  

The composition of fatty acids (FAs) in ewe milk throughout the four 
months during the spring season is presented in figure 1. The FA composition was 
eminently influenced as the function of sampling season. The highest values in the 
fatty acids profile were attributed to C10:0, C14:0, C16:0, C18:0 and C18:1, 
representing more than 80% of the total fatty acids in all the samples studied, no 
matter the specie. The concentration of short chain fatty acids (<14:0) in goat and 
sheep milk were highest in March and the lowest in May.  

The content of palmitic acid (C16:0) was significantly higher in the ewe milk 
compared with the goat milk, and varied by 2 – 3 % throughout the milking months. 
In a study made by Talpur et al. (12) the percent of palmitic acid in the milk of 
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various ruminants (cow, ewe, goat, buffalo) was found to be the highest during the 
summer season, and varied very much more (16 – 25%) throughout the year. 
These facts are important because these particular aspects can influence 
consumer‘s health. It is a well known fact that C12:0, C14:0 and C16:0 affect the 
plasma cholesterol levels LDL. The content of C18:0 showed variations throughout 
the spring season and differed significantly among the two species studied. This 
fact is possible due to the changes in the food supplement of polyunsaturated fatty 
acids (PUFAs). The main poly unsaturated fatty acid was the linoleic acid which 
hasn‘t shown real differences in the values of each season. 

 
Fig. 1. The average values of the studied parameters in the individuals bred in 

mountain areas 
 

 Figure 2 illustrates the chromatograms of the most representative sample 
collected from sheep, in which the fatty acids are registered in the form of peaks 
separated from each other by increasing the length chain, and at the same length 
chain by increasing of unsaturated degree. 

 
Fig. 2. Representative chormatogram of a sheep milk sample 
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The FA composition was eminently influenced by the areas in which the 
sheep and goat were bred. Comparing to other data stated in the field literature, the 
values obtained in this research clearly show that it has a superior quality in regard 
to fat and fatty acid content. In general the saturated fatty acids (SFA) were higher 
in sheep milk and lowest in goat milk, there being 5–10% less SFAs present in milk 
fat. The mono saturated fatty acids (MUFA) showed a lower discrepancy in 
comparison to the SFAs, varying only with 1 -3% among the two species. The 
lowest percentage of MUFA was registered in sheep raised in a hillier environment 
(32.15%) and the highest in sheep rose in mountain areas (34.3%). A high 
concentration of PUFA (polyunsaturated fatty acids) was noticed in goat milk bred 
in mountain areas reaching an average of 3.75% in comparison to the sheep milk 
where the lowest value was registered at the ones raised in hill areas (3.34%).  

Our study revealed relatively high levels of medium chain fatty acids in 
goat milk which might be an explanation for the particular flavor. Our results 
regarding the proportion of MUFA in goat milk are similar with ones made by 
Parkash et al. (10) and Skjevdal (11). The findings concerning the saturated fatty 
acids proportion (C6:0, C8:0, C12:O and C14:O) found in goat milk showed 
markedly higher values than the ones mentioned in the field literature (5,13). The 
proportion of medium- and short-chain fatty acids is higher, and lacks the 
agglutinating protein that causes the clustering of fat globules and the rapid 
separation of cream (4; 5). Our above mentioned results regarding the sheep milk 
biochemical composition produced in mountain areas are similar to the ones found 
by Talpur et al. (12). 

 
Conclusions 

 
There are obvious differences among the biochemical features of goat and 

sheep milk obtained in mountain aras compared to those obtained in other 
regions.Milk obtained in these conditions can be considered an important source of 
nutrients, especially of unsaturated faty acids which are found in a higher amount.    
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Summary 

 

The human-animal relationship (HAR) represents an important feature of adequate 
cattle breeding, both for improving the animals‘ welfare and to facilitate the farm activities. 
The aim of this study was the comparative assessment of the HAR‘s quality in dairy farms 
with tie stalls and loose housing, by investigating the behavioural response of the animals 
towards people. The study was accomplished in five dairy farms (three with tie stalls and two 
with loose housing); 424 cows were assessed using specific tests. The main methods 
employed were observation, chronometry and measuring/approximating spatial distances. 
The obtained data were statistically processed with the SPSS software (descriptive 
indicators, Mann-Whitney test). Following the comparative evaluation of the human-animal 
relationship by avoidance tests (avoidance of the human in the passageway/open field, 
avoidance of the human at the feed-face, avoidance of the human while laying and 
avoidance of the human while tethered) applied to the cows in different housing systems it 
was observed a clear tendency of the tethered cows to be more docile, less fearful, more 
trustful towards people and calmer than the loose housed cows. The result of the study 
indicates the need of improving the HAR in dairy farms, keeping in mind its multiple 
beneficial effects upon the welfare, production and behaviour of the cows and also on the 
work efficiency and safety in farms, all these being realizable with minimal investments.  

Key words: human-animal relationship (HAR), dairy cow, avoidance distance test  

 

Animal farming implies interactions between humans and farmed animals. 
Even in the modern world, when automatic farming systems are available, these 
are less cost effective in the dairy industry. This way the interactions between dairy 
cows and human workers are unavoidable. Even if they had been domesticated 
over countless generations, yet exposure to handling and human contact is still 
probably among the most frightening events for cattle (2, 3). Thus, the duration, 
nature and frequency of daily interactions between caretakers and animals 
represent decisive elements in determining fear or trust of the animals towards 
humans, influencing the quality of the human-animal relationship (11).The research 
on the potential effects, but also on the assessing methods and techniques 
regarding the quality of human-animal relationship has expanded globally over the 
last decade. However, according to our knowledge, in Romania this area of interest 
is less studied and the published results are few, if any.  
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The aim of this study was the comparative assessment of the human-
animal relationship (HAR) quality in dairy farms with tie stalls and loose housing, by 
investigating the behavioural response of the animals towards people. 
 

Materials and methods 
 

The study was accomplished in five dairy farms (three with tie stalls and 
two with loose housing) from Transylvania, Romania. For choosing the farms and 
the moments of the visits, the followings were considered: the accessibility of the 
location, the numbers of the animals, the agreement of the farmers to take part in 
the study, the availability of at least one of the workers around the animals, and the 
possibility that at least two observers to spend time in the farm without disturbing 
the usual daily activities in the farm. The farmers were informed about the study‘s 
area of interest (assessing the human-animal relationship in cattle), they were 
assured of data and results‘ confidentiality and have not received any remuneration 
for participating in the study. No hypotheses have been issued, no conclusions 
were drawn and no veterinary consulting was carried out during the visits for the 
study, neither in the farms nor in the presence of the farmers/workers. A total 
number of 424 cows were assessed by avoidance tests: avoidance of the human in 
the passageway/open field, avoidance of the human at the feed-face, avoidance of 
the human while lying down and avoidance of the human while tethered. The 
human avoidance test in the passageway/open field was performed only in the 
cows kept in loose system and followed the testing procedure proposed by 
Gibbons et al. (4). 

The human avoidance test by cows at the feed-face and by the lying cows 
were performed both in the cows kept in loose housing and in those kept in tie 
stalls, according to the method proposed by Gibbons et al. (4).  

The human avoidance test by the tethered cows was adapted following the 
method described by Waiblinger et al. (10). This test was performed only in the 
farms with tie stall housing system. The main methods employed were observation, 
chronometry and measuring/approximating spatial distances. The study was 
completely non invasive for the animals and did not harm or influence the welfare 
of these.  

The obtained data were statistically processed with the SPSS software 
(descriptive indicators, Mann-Whitney test). The differences were considered 
significant if P<0.05. It was calculated also the arithmetical mean, the prevalence of 
the scores and the weighted mean of the data sets.  
 

Results and discussions 
 

Within the human avoidance test by the cattle four sub-tests were 
performed: the avoidance of a human on the alley/in open field, the avoidance of 
the human at the feed-face, the avoidance of the human while laid down and 
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avoidance of a human while tethered. The measuring of the avoidance distance 
represents a well-known method of the animals‘ human-related reaction 
assessment (3, 9, 8). Popescu et al. (8) attracts attention that the tests of this type 
can be influenced by many factors, such as locomotion problems, the social 
environment of testing, the previous experiences of the animal, the experimenter 
(familiar or unknown for the animal) and so on, but generally these reflect the 
quality and quantity of human contact and the human-animal relationship. Other 
authors (7) affirm that the avoidance distance is also variable depending on the 
cattle‘s breed and rearing conditions. Leeb et al. (5) states that the tests measuring 
the avoidance distance provide good indicators of ‗positive health‘, because the 
animal allows humans to approach at close range when it does not feel fear. For 
these animals (not being afraid of humans) the routine husbandry and veterinary 
practices are less stressful (8).  

The human avoidance test on the alley/in open field was performed only in 
the farms with loose housing. The results are presented graphically in figure 1.  
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Fig. 1. The number of the cows depending on the scores obtained in the human 

avoidance test on the alley/in open field  
 

In this test as the avoidance distance was smaller the higher scores were 
given to the cow. As figure 1 shows, the majority of the cows obtained scores of 1 
and 2 (41 and 42 cows, respectively), meaning that these moved away when the 
assessor approached at a distance between 0 and 2 meters. Popescu et al. (8) 
consider that the cows do not show fear towards the assessor when the avoidance 
distance is less or equal to 1 meter and fear is present when the avoidance 
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distance is greater than 1 meter. In the present study all the cows with scores of 2 
or higher are included in this category, namely 121 animals (62.37% of the total 
number of 194 cows). However, the prevalence of fear in the investigated cows, 
demonstrated by an avoidance distance greater than 1 meter, was higher than that 
reported by Popescu et al. (8), 37.63% against 14.59%. Regarding the percentage 
of the cows that could be touched at least on their heads (scores 7, 8 and 9), this 
was extremely low (6.97%). Other authors (6) report various percentages of the 
cows that could be touched in the human avoidance test (but much higher than in 
the present study), between 41 and 97%, in 35 dairy farms in Tunisia. Taking into 
account the results obtained in this test and comparing these with the existing 
literature reports, it is clear that the human-animal relationship is not appropriate in 
the two investigated farms with loose system.  

The human avoidance test at the feed-face assumes the testing of the 
animals while these are eating. Being preoccupied by such an important activity 
both as surviving value and as agreeable for the animal, the avoidance reaction 
towards the human should be attenuated. In similar way, the fear response is lower 
in testing human avoidance while the cow is laying or ruminating, being less aware 
of their immediate environment.  

The results of the statistical processing of the scores in the human 
avoidance tests are presented in table 1.  

 
Table 1 

Descriptive statistical indicators for the scores obtained in the human 
avoidance tests and the significance of the differences between the two 

housing systems 
Parameter 

(score) 

Farms with loose housing  Farms with tie stalls.  
P value 

Mean ± sd Median Range Mean ± sd Median Range 

Avoidance 
at the 

feed-front 
3.39±1.42 3.00 

1.00-
6.00 

4.57±1.03 5,00 
2.00-
6.00 

< 0.001 

Avoidance 
in laid 
down 
cows 

2.55±2.10 2.00 
0.00-
9.00 

2.82±1.14 3.00 
1.00-
5.00 

< 0.001 

sd = standard deviation  
If P<0.05, the difference between the two housing systems is significant 
 

In the study performed by Gibbons et al. (4) the median of the scores for 
the human avoidance test by cows at the feed-face was 6, and for the human 
avoidance test by the laid down cows was 5. The authors (4) consider that the in 
the tendency to obtain scores rather high (indicating the fact that the cows remain 
at the feed-face or recumbent until the assessor reached out his arm to touch the 
cows) had a role the fact that the assessor approached slowly, progressively. 
Against the methodology used by other authors (9, 12), Gibbons et al. (4) 
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introduced waiting periods of 10 seconds after each step of the approach, in order 
to give enough time to the animals to express behaviorally its mental state (fear or 
absence of fear).  

In the present study, even if the methodology proposed by Gibbons et al. 
(4) was respected, the medians of the scores were lower. In both tests the medians 
of the scores were significantly (P<0.05) higher in the cows kept tethered, 
suggesting a lower level of fear towards humans comparing with the cows in loose 
housing.  

Considering the results of both tests, the cows kept loose proved to be 
more fearful, avoiding the unknown human more quickly, while the tethered cows 
interacted more easily and accepted the physical contact with the assessor. 
Frequent handling, inherent to the management practices that are specific in the 
tie-stall systems, lead to habituation of the animals with the presence of humans 
and physical contact with people. As long as the interaction is neutral or positive, 
the fear responses of the animals are inhibited. It was proven that cattle can make 
a difference between manipulation types and learn to avoid those persons who hit 
them, while the non-aversive handling reduces their fear towards people and 
promote their docile behaviour (1). Based on the results it can be supposed that the 
human-animal relationship was not appropriate in the farms with loose housing 
system. For the human avoidance test in the laid down cows the prevalence of 
each score was calculated for all the cows in the three farms with tie stalls (Fig.2).  
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Fig.2. The graphic representation of the results for the human avoidance test in the 

tethered cows 
 

None of the tested cows obtained scores between 0 and 4; the human 
avoidance responses were observable only when the assessor approached to 40 
cm or less. The highest prevalence was recorded for the scores of 6 and 7, 
showing that the majority of the cows withdrew just before to be touched on their 
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heads by the assessor. Surprisingly, almost 20% of the cows accepted to be 
stroked on their heads, during several seconds. Another study carried out in cows 
kept in tie stall farms reports the displaying of fear (avoidance towards the assessor 
at more than 1 meter) in 14.59% of the animals (8). However, for a better 
observation of the behavioral reactions, the cows were untied during the testing. 
When the cows are evaluated inside the barns, while tethered, the exhibition of the 
behavioral responses can be omitted or are difficult to observe because the 
tethering system limiting the cows‘ movements. Therefore, some authors consider 
that the measures for assessing the human-animal relationship were elaborated in 
the experimental research, but the experience in farm conditions is not enough. 
Yet, Waiblinger et al. (10) determined the characteristics of the methodology used 
to test human avoidance in tethered cows and concluded that it have to be further 
developed, that the repeatability is sufficient and the feasibility is high.  

 
Conclusions 

 
The results of the study indicate the need of improving the HAR in dairy 

farms, keeping in mind its multiple beneficial effects upon the welfare, production 
and behaviour of the cows and also on the work efficiency and safety in farms, all 
these being realizable with minimal investments.  
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Summary 

 
The aim of this study was to investigate the contamination of drinking water in 

selected dairy farms from Transylvania. A total number of 60 water samples (a sample from 
the source and one from the drinker) were collected and analyzed from 30 dairy farms. All 
water samples were examined for total bacterial count, numbers of total and faecal 
coliforms. The results were compared with the legal provisions for drinking water quality and 
statistically processed. In the water from the source the total bacterial count ranged from 0 to 
1.38 x10

3
 CFU/mL, and the numbers of total and faecal coliforms from 0 to 1.28x10

3
 

CFU/100 mL, and from 0 to 9.18x10
2 

CFU/100 mL, respectively. In the water from animals‘ 
drinkers the total bacterial count ranged from 5 to 3.25x10

4
 CFU/mL, and the numbers of 

total and faecal coliforms from 0 to 2.61x10
3 

CFU/100 mL, and from 0 to 1.98x10
3
 CFU/100 

mL, respectively. There were significant differences (P<0.05) between the samples from the 
water source and that from the drinkers for all the microbiological parameters assessed. The 
type of the drinker influenced significantly the level of water contamination. The results of the 
study indicate that the water consumed by cattle in the majority of the investigated farms is 
heavily contaminated with bacteria, especially because the watering hygiene is not 
respected.  

Key words: total bacterial count, total coliform, faecal coliform, drinking water, dairy 

farm 
 

Water as an essential nutrient for dairy cattle, but its importance has been 
commonly forgotten in dairy systems (4). According to the welfare standards, all 
animals should have permanent access to fresh drinkable water in sufficient 
quantity, to satisfy all metabolic processes essential for life and performance. A key 
consideration in the nutrition of dairy cattle is the assessment of the quality of 
drinking water (1). Cows are remarkably sensitive to the poor quality of drinking 
water. Water quality might cause poor production or nonspecific diseases and 
should be one aspect of the procedures used to investigate such problems (5). 
Poor water quality also affects consumption, which may limit food intake and 
animal production and health (7, 13). 

Microbiological analysis of water for total bacteria and coliform bacteria is 
necessary to determine sanitary quality. The possible consequences of 
microbiologically contaminated water‘s consumption are of such severity than its 
control is always very important and should be never compromised. 
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The aim of this study was to investigate the contamination of drinking water 
in selected dairy farms from Transylvania, Romania. 
 

Materials and methods 
 

A total number of 60 water samples were collected and analysed in 30 
dairy farms in Transylvania, Romania. The farms were selected by their 
accessibility and the type of the drinkers (closed or opened). In each farm a water 
sample was collected from the watering devices (WD) and one from the water 
source (WS). The sampling was made using sterile recipients, in quantity of 
500mL. In all the investigated farms the water source was represented by wells.  

The microbiologic water quality was assessed based on the total bacterial 
count (TBC), total coliform count (TCC) and total faecal coliform count (TFC). The 
total number of bacteria was determined by inoculation on culture medium in Petri 
dishes and 48 hours incubation on 37 C°. Previous decimal dilutions were made in 
culture tubes. After incubation the grown colonies were calculated using a 
mechanical optic colony counter and the total number of bacteria was calculated 
with the help of a formula (12). In order to assess the water quality, samples were 
analyzed for total coliforms, using a multiple-tube fermentation technique based on 
lactose fermentation with acid and gas production, within 48 hours, in a lauryl 
tryptose broth. If the water sample yielded presumptively positive results, 
simultaneous inoculation into brilliant green lactose bile broth, for total coliform and 
EC broth for faecal coliform was required. Positive result for EC broth, incubated at 
44.5 C° for 24 hours, was considered as positive completed test response. Parallel 
positive brilliant green lactose bile broth with negative EC broth cultures indicated 
the presence of non-faecal coliform. The number of coliform bacteria per 100 mL of 
water was then calculated from the distribution of positive and negative tubes in the 
test by referring to an appropriate table. The total bacteria number was expressed 
in CFU/mL and the coliform in CFU/100 mL. 

The results were compared to the values set out by the Law 458/2002 
modified and completed by the Law 311/2004. The data were processed using the 
SPSS version 17 software. The descriptive statistical indicators (mean, standard 
deviation, median, minimum, maximum) were calculated for all the microbiological 
parameters of the water in the sources and watering devices. The Mann-Whitney 
Test was used to compare the data. 

 
Results and discussions 

 
The descriptive statistical indicators (mean, standard error of the mean, 

median, minimum and maximum) for the microbiologic parameters (total bacterial 
count - TBC, total coliform count - TCC and faecal coliform count - FCC) of the 
water samples from the sources and watering devices in 30 dairy farms are shown 
in table 1. 
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Table 1 
Descriptive statistical indicators for the microbiologic parameters (TBC, TCC, 
FCC) of the water samples from the sources and watering devices in 30 dairy 

farms 
Parameter Source Watering device 

 TBC 
(CFU/ml) 

TCC 
(CFU/100ml) 

FCC 
(CFU/100ml) 

TBC 
(CFU/ml) 

TCC 
(CFU/100ml) 

FCC 
(CFU/100ml) 

n 30 30 30 30 30 30 

Mean 2.99x10
2 

1.01x10
2 

8.4x10 2.83x10
3 

4.42x10
2 

3.75x10
2 

SEM 6.90x10 3.7x10 4.6x10 1.22x10
3 

1.73x10
2 

1.06x10
2 

Median 1.03x10
2* 

1.00
* 

0.00
* 

4.45x10
2 

1.26x10
2 

1.13x10
2 

Minimum 0.00 0.00 0.00 5.00 0.00 0.00 

Maximum 1.38x10
3 

9.18x10
2 

1.28x10
3 

3.24x10
4 

2.61x10
3 

1.98x10
3 

*
P<0.05 considered significant between sources and watering devices; TBC - total bacterial count; TCC 
- total coliform count; FCC - faecal coliform count; SEM - standard error of the mean. 
 

The total bacterial count and the numbers of total and faecal coliforms 
varied widely in the analyzed water samples. The obtained results are similar with 
those obtained by Popescu et al. (10, 11) in Romania and by Marjanović and 
Tofant (9) in Croatia. El Emam and El Jalii (2) found a much higher number of 
bacteria (10

6
–10

7
) when investigated the contamination of drinking water in 

selected dairy farms in Sudan.  
In our study the microbiological quality of the water from the water sources 

was significantly better (P<0.05) than that from the drinkers, considering all the 
determined indicators (TBC, TCC and FCC) (Table 1). This aspect indicates that 
water gets polluted either at the level of the watering devices or before reaching the 
drinking facility. Bacterial contaminants in troughs may arise from multiple sources 
(e.g. cud or faecal material and extraneous matter including dust or feed). In some 
instances, depending on the source, water may be heavily contaminated before it 
enters the trough. Overland and sub-surface flow of faeces into waterways is also 
likely to play a part in bacterial dissemination as E. coli can survive in bovine 
faeces for several weeks (15). Sediments within a trough may have much higher 
levels of microbial contamination.  

Total bacterial counts in excess of 500/100mL may indicate water quality 
problems (14). Water sources with total bacterial counts in excess of 1 x 
106/100mL should be avoided for all classes of livestock. Most water supplies will 
continuously have counts below 200/100mL. Bacteria polluted water may increase 
susceptibility or contribute to a variety of calf and cow disease problems (3). 
Drinking bowls, cups and troughs should be kept relatively clean. A raised base 
around tanks helps to keep manure contamination problems to a minimum. 
Cleaning tanks and water bowls to prevent build-up of old feed and other debris is 
important. The microbiological composition of drinking water is responsible for the 
most common water-related health problems. Both the microorganisms and their 
toxins that often remain in water after the disappearance of microorganisms 
represent risks to animal health. If only total coliform bacteria are detected in 
drinking water, the source is probably environmental and faecal contamination is 
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not likely. However, if environmental contamination can enter the system, there 
may also be a way for pathogens to enter. The presence of faecal coliform in a 
drinking water sample often indicates recent faecal contamination, meaning that 
there is a greater risk that pathogens are present than if only total coliform bacteria 
is detected. There is evidence that livestock can tolerate relatively high bacterial 
loads in drinking water (6) although there are actually very little data available. 
LeJeune et al. (6) indicated that drinking water offered to cattle is often of poor 
microbiological quality with total coliforms and E. coli counts of around 10

5
 

and 10
4 

cfu per litre respectively. The same authors concluded that troughs are a major 
source of exposure of cattle to enteric bacteria, including a number of food-borne 
pathogens, and the degree of bacterial contamination appeared to be associated 
with potentially controllable factors. The type of the watering device is an important 
factor that influences the microbiological quality of the water consumed by cows. 
The comparison of the microbiological water quality from the two drinker types 
(closed or opened) indicates a significantly better quality of the water from the 
closed drinkers (Table 2). Similar results were obtained by LeJeune et al. (6) 
following a study performed in the USA. One of their findings was that metal 
troughs had significantly lower coliform and E. coli counts compared to other 
construction materials respectively concrete, plastic and other materials. The group 
also found that bacterial contamination was higher in troughs that were closest to 
the feed-trough. Proximity of the troughs to the feed-trough may have permitted a 
greater amount of food to enter the trough, thus increasing the level of 
contamination, as well as providing a nutrient-rich substrate for bacterial growth at 
the bottom of the trough.  
 

Table 2  
Descriptive statistic indicators for the microbiologic parameters (TBC, TCC, 

FCC) of the water samples depending the type of the watering devices in 
dairy farms 

Parameter Closed watering device Opened watering device 

 TBC 
(CFU/ml) 

TCC 
(CFU/100ml) 

FCC 
(CFU/100ml) 

TBC 
(CFU/ml) 

TCC 
(CFU/100ml) 

FCC 
(CFU/100ml) 

N 14 14 14 16 16 16 

Mean 4.10x10
2 

1.21x10
2 

5.00x10 5.24x10
3 

7.61x10
2 

7.00x10
2 

SEM 1.12x10
2 

6.4x10 2.10x10 2.32x10
3 

2.29x10
2 

1.77x10
2 

Median 2.24x10
2* 

2.7x10
* 

0.00
* 

1.12x10
3 

3.89x10
2 

5.70x10
2 

Minimum 5.00 0.00 0.00 4.0x10 0.00 0.00 

Maximum 1.41x10
3 

9.80x10
2 

2.54x10
2 

3.24x10
4 

2.61x10
3 

1.98x10
3 

*
P<0.05 considered significant between opened and closed watering device; ; TBC - total bacterial 
count; TCC - total coliform count; FCC - faecal coliform count; SEM- standard error of the mean. 
 

It is recognized in Romania that the water consumed by animals must be of 
the same quality than the water consumed by humans but in some countries 
special recommendations exist for the quality of the water consumed by animals. 
According to our country‘s legislation regarding the drinking water quality (Law 
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458/2002 and Law 311/2004) this should not contain any bacteria and coliforms. 
For the water consumed by animals in some countries there are different 
recommendations. For example, Looper and Waldner (8) suggests as safe levels 
for cattle: 5000/L for the total bacterial count, 150/L for total coliform bacteria and 
100/L for faecal coliform bacteria, while Socha et al., (13) considers as threshold 
levels 10 total bacteria/L and 0 total and faecal coliforms/100mL. 

The comparative analysis of the water samples from sources and watering 
devices showed that in 80% of the samples from sources and in 100% of the 
samples from WD bacteria were present. Moreover, total coliform bacteria were 
identified in 50% of the samples collected from the sources and in 80% of water 
samples from the WD. Faecal coliform bacteria were found in 46.67% of the source 
samples and in 66.67% of the WD samples (Fig. 1). 

 

0%

20%

40%

60%

80%

100%

120%

Total Bacterial

Count

Total Coliform

Count

Faecal Coliform

Count

Water Source Watering device

 
Fig. 1. The proportion of water samples that contains total bacteria, total and fecal 

coliform bacteria 
 

Conclusions 
 

The results of the study indicate that the water consumed by cattle in the 
majority of the investigated farms is heavily contaminated with bacteria, especially 
because that the watering hygiene is not respected.  
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Summary 
 

Some antigens, like bacteria, combine with their specific antibodies to form 
complexes that ussualy aggregate as visible clumps. The procedure is used to demonstrate 
both serum antibodies presence and identification antigens on bacterial cell surfaces. 

The purpose of this study was preparation and testing of a stained inactivated 
Salmonella enterica antigen, serovar Enteritidis (SE), in order to detect the agglutinant 
antibodies. The SE antigen titration has been carried out by rapid slide agglutination test 
(SAR) using two positive control sera – PC (Salmonella against – O group D, factor 9 
NIRDMI Cantacuzino Bucharest and SE policlonal antiserum in house prepared) and 
negative control sera – NC (White Leghorn SPF chicken serum). Has been tested SE 
antiserum cross-agglutination with related antigens (Salmonella Pullorum, Salmonella 
Typhimurium). The suitable SE antigen concentration was established by SAR compared 
with positive and negative controls. To perform the test have been used equal volumes 
(30µl) of diluted positive and negative control sera with diluted SE antigen. Reading of 
reactions was carried out within 2 minutes interval since the antigen and specific antibodies 
contact. Presence of agglutination indicates a positive reaction expressed by appearance of 
the violet agglomerations in a transparent liquid. 

The SE Antigen has produced a 100% specific agglutination with positive control, it 
missing in case of negative control. A cross-reactivity has been observed between SE 
polyclonal antiserum and related antigens.  

SE Antigen should be used to perform rapid slide agglutination tests in order to 
establish an early and fast diagnosis of SE infected stocks. The rapid slide agglutination test 
is a simple, fast, early, cheap and specific method for detection of SE presence in the poultry 
and mammals stocks.  

Key words: Salmonella Enteritidis antigen, antibody, agglutination, rapid slide 

agglutination 

 
Salmonellosis is an infectious disease of humans and animals caused by 

organisms of the two species of Salmonella (Salmonella enterica, and S. bongori). 
Salmonella organisms are aetiological agents of diarrhoeal and systemic infections 
in humans, most commonly as secondary contaminants of food originating from 
animals and the environment, usually as a consequence of subclinical infection in 
food animals leading to contamination of meat, eggs, and milk or secondary 
contamination of fruits and vegetables that have been fertilised or irrigated by 
faecal wastes. Human salmonellosis is one of the most common and economically 
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important zoonotic diseases. Salmonella organisms may also be found in animal 
feedstuffs, causing subclinical gastro-intestinal carriage or infectious disease in 
animals, particularly poultry and pigs. Disease is usually referred to as 
salmonellosis, although the term paratyphoid may be used, e.g. swine paratyphoid. 
The WHO provides information on the development of appropriate measures for 
the prevention and control of food-borne diseases, including Salmonella infections, 
of humans. The most common vehicles of infection are eggs and egg products, 
poultry meat and meat from other food animals, and meat products. Contaminated 
salad crops, sprouted seeds, milk products and spices have also been involved in 
numerous outbreaks. Salmonella Enteritidis and S. Typhimurium are the most 
widespread serovars in many European countries (8). 

Feed contaminated with Salmonella has been the most common original 
source of introduction of new strains of Salmonella into livestock production 
networks, from whence it is further distributed by movement of carrier animals and 
other routes. Salmonella infections of food animals play an important role in public 
health and particularly in food safety, as food products of animal origin are 
considered to be the major source of human Salmonella infections. Cross-
contamination during food processing is also monitored as contamination by 
healthy food handlers can occur. The WHO provides information on the 
development of appropriate measures for the prevention and control of food-borne 
diseases, including Salmonella infections, of humans. The most common vehicles 
of infection are eggs and egg products, poultry meat and meat from other food 
animals, and meat products (8). 

A number of serological tests have been developed for the diagnosis of 
Salmonella infections in animals. In poultry, the whole blood test, which uses a 
stained antigen, and the serum agglutination test (SAT) have been used 
successfully for over 50 years for the identification of flocks infected with S. 
Pullorum/Gallinarum (2, 8). Because S. Enteritidis possesses the same group D 
somatic antigen as S. Pullorum/Gallinarum and is thought to originate from it, the 
whole blood test and related tests can be used for the diagnosis of S. Enteritidis 
infection, but the sensitivity is low (8). 

Also, new tests for Salmonella diagnosis are developed frequently. 
Serological methods should be used to identify infected flocks/herds rather than to 
identify infected individual animals, although repeated herd tests can be used as an 
aid to selective culling of chronic carrier animals. Serological tests are normally 
designed to detect a limited range of Salmonella serovars or serogroups (8). 

The principle of the serological diagnosis of Salmonella involves mixing the 
suspected serum or antiserum containing specific Salmonella antibodies with 
Salmonella antigen. The bacteria will agglutinate (clump) in the presence of 
homologous antiserum. Bacterial agglutination tests may be performed on a slide, 
in microtitre tray wells or in tubes. Tube agglutination tests are usually more 
sensitive than slide tests as they require a longer incubation period which allows 
more antigen and antibody to interact. They are equally expensive due to the 
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number of dilutions and large amounts of antigen required. Slide agglutination tests 
are simple to use, requires no equipment and is rapid. Microtitre trays may be used 
as they are easier to perform; saves time and space as well as reduces the volume 
of antisera used. Standard bacterial suspensions and antisera may be obtained 
commercially (4, 5, 6, 7, 8). 
 For slide agglutinations, the test cannot be performed if the bacterial 
suspension is granular, autoagglutinates or is sticky as the result will be 
uninterpretable. False positive results or false negative results may occur due to 
the type of plasma used, incubation times, the degree of agglutination formation 
and these will require subjective interpretation, which may result in reader variation 
of results.  
 In recent years, other tests, such as the ELISA have been developed for 
the diagnosis of S. Enteritidis and S. Typhimurium infections in poultry and for other 
serovars in farm animals (1, 8).  

In this study were developed of an stained antigen for Salmonella 
Enteritidis diagnosis of infected stocks. Antisera for positive control were obtained 
in house, by antigenic specific sensitization (SE) of SPF Leghorn White chickens. 
Also, for testing of SE antigen was used another positive control serum, with an 
known agglutinating antibody titre, by NICDMI Cantacuzino, Bucharest.  

 
Materials and methods 

 
Organism used and preparation of stained SE antigen 
Salmonella enterica serovar Enteritidis (SE) was donated from Institute for 

Diagnosis and Animal Health (IDSA) Bucharest and used for our present study. 
The Salmonella Enteritidis strain was cultured on Brain Heart Infusion Broth (BHI) 
for inoculum.  

SE inoculum (10-30 ml) was transferred aseptically in Roux plates (2000 
ml) containing steril solid agar (250-300 ml) and these was incubated at 37

o
C for 

48 hours. Then, the bacterial cells were harvested by washing of the solid agar 
surface with Phosphate Buffered Saline (PBS) to obtain the concentrated 
Salmonella Enteritidis antigen (SE antigen).  

Subsequently, one sample of the concentrated SE antigen was controlled 
for bacteriological purity and fungal sterility by inoculation on culture media 
(Soybean Casein Digest Agar, Soybean Casein Digest Broth and Thioglicollate 
Fluid Medium). The bacterial SE suspension, with apropriate bacteriological purity 
and fungal sterility, was then inactivated with formaline (5‰ final concentration and 
kept at 37

o
C for 24 hours). The cells were harvested by centrifugation and washed 

three to four times with sterile PBS. The inactivation of bacteria was confirmed by 
cultivation in culture medium (Soybean Casein Digest Agar, Soybean Casein 
Digest Broth) in which there has not been developed Salmonella Enteritidis. 
 The SE concentrated antigen was stained with 1% cristal violet solution 
and kept at 37

o
C for 24 hours. The antigen was prepared from unstained S. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 

 

 132 
 

 

Enteritidis cultures diluted in sterile PBS (several concentrations). The bacterial 
suspensions were measured in McFarland Units (MF-Units) with DEN-1 McFarland 
Densitometer Biosan.  
 Finally, the antigen specificity of staining SE antigen was tested by 
agglutination test with normal saline (0.85% Na Cl). The absence of any 
agglutination reaction confirms the quality of the antigen to be used in rapid slide 
agglutination test for diagnosis of the Salmonella Enteritidis infections. 

Preparation of Salmonella Enteritidis polyclonal antiserum (PC2) 
Positive control antiserum was prepared in house by minimum three 

weekly intramuscular inoculations of four 1-week-old White Leghorn Specific 
Pathogen Free (SPF) chickens from Romvac SPF farm with an heat-inactivated 
inoculum containing 10

6
 S. Enteritidis. The serum was obtained 3–4 weeks later, 

when antibody titre was maximal. The antibodies levels of antiserum were tested 
by imunoenzimatic test (X-OVO FLOCKSCREEN

TM 
Salmonella enteritidis Antibody 

ELISA Kit). Microtitre Plate Reader at 550 nm were used to read of absorbance. 
ELISA titre values of the samples,1501 or greater were interpreted as positive. 

Preparation of Salmonella Pullorum polyclonal antiserum 
Positive control antiserum was prepared identically from Salmonella 

pullorum 1565 strain (Romvac). 
Preparation of Negative Control serum (NC) 
Twenty one-week-old White Leghorn SPF chickens from SPF farm 

Romvac, were bleeding by cardiac puncture. After coagulation, all serums were 
tested by ELISA. The serums was free from anti-SE antibodies. All sera was 
pooled and stored in 100 µl volumes at –20°C.  

Salmonella Enteritidis Positive Control serum (PC1) 
Serum anti-Salmonella O Group D, factor 9, with titers determined by rapid 

slide agglutination (1/8) and tube agglutination test (1/400) was produced by 
National Institute for Research and Development in Microbiology and Immunology 
(NIRDMI) Cantacuzino, Bucharest. 

Related antigens commercially available  
Antigen pullorum (Romvac) and Salmonella pullorum coloured antigen for 

plate agglutination test SP (X-OVO) were used for cross-reaction detection of SE 
antigen with Salmonella Enteritidis polyclonal antiserum. 

Testing of the stained SE antigen 
 All the different concentrations of SE antigen were stadardized by titration 
against known positive and negative sera, the titers of which have been previously 
determined by a standard tube agglutination test or ELISA.  
  The positive control sera, previously diluted in sterile PBS (two fold dilution 
- 1/2, 1/4, 1/8, and then starting from 1/10 to 1/640) were tested with different 
antigen concentrations (measured in units of MF). The negative control serum was 
used undiluted in the agglutination test. The slide agglutination test was performed 
on 10 samples of each dilution of positive control sera and undiluted negative 
control serum and by saline solution. 
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 The positive or negative serum (0,03 ml) was mixed with crystal-violet 
stained SE antigen (0,03 ml). The drops of antigen and serum were mixed using a 
disposable bacteriological loop, which was changed between samples. The slide 
was roked gently for 2 minutes, after which the test was read. Several tests were 
carried out simultaneously on the same tile. A positive reaction was indicated by 
easily visible clumping of the antigen within 2 minutes, without agglutination in the 
saline control (auto-agglutination). A negative reaction was indicated by absence of 
clumping of the antigen within 2 minutes. 
 Cross-reactivity of SE antigen was tested against the Salmonella pullorum 
polyclonal antiserum, in the identical conditions. 

The components of test were stored at 4
o
C and then at room temperature 

prior the testing. The serum samples were centrifugated for storage any period of 
time, in order to prevent of the contamination and haemolysis. 

If nonspecific false-pozitive reaction were suspicious, the 
positive/suspicious sera were retested after heat-inactivation (at 56

o
C for 30 

minutes). 
 

Results and discussions 
 

The stained Salmonella enteritidis antigen was appropriate in terms of 
microbiological purity and fungal sterility. 

The SE antigen used for slide agglutination test had three different 
concentrations (10, 11 and 12 McFarland Units). 

Salmonella Enteritidis polyclonal chicken antiserum had more than 3200 
positive Ig G titer by ELISA test.  

The negative reaction of SE antigen in presence of the salin solution (no 
agglutination, no appearance granular clumping) confirmed the specificity of 
antigen to be used in the slide agglutination test for rapid detection of S. Enteritidis 
infections. The distinct agglutination within 2 minutes with the positive control 
serum was regarded that positive result. 

Tested by slide agglutination test of SE antigen with undiluted Salmonella 
pullorum polyclonal antiserum and the Salmonella pullorum antigens with the 
polyclonal SE antiserum showed cross-reactivity . 

The results of slide agglutination test performed whit dilutions of PC sera 
and undiluted NC sera or physiological solution are given in Table 1. 

Tested by slide agglutination test of SE antigen with undiluted Salmonella 
pullorum polyclonal antiserum and the Salmonella pullorum antigens with the 
polyclonal SE antiserum showed cross-reactivity . 

Antigen will be shaken before use and reading the test results is carried out 
at a temperature of 20-25

o
C, and within 2 minutes of exposure to antigen-specific 

antibodies in the serum, in order to avoid the occurrence of non-specific 
agglutination reactions. 
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Table 1  
Slide test reactions of stained Salmonella enteritidis antigen with positive 

and negative control sera 
Sera/Dilution  Per Cent Positive by Dilutions 

 1/1 1/2 1/4 1/8 1/10 1/20 1/40 1/80 1/160 1/320 1/640 

PC1 100 100 100 100 100 100 0 0 0 0 0 

PC2 100 100 100 100 100 100 100 100 100 100 0 

NC 0 - - - - - - - - - - 

NS 0 - - - - - - - - - - 

Legend: PC1 - Serum anti-Salmonella O Group D, factor 9, NIRDMI Cantacuzino, PC2 - 
Salmonella Enteritidis Polyclonal antiserum - Romvac, NC – Negative Control serum (sera 
from White Leghorn SPF ckicken), NS = normal saline (0.85% sodium chloride)  

  
Detecting infected flocks is a vital part of many efforts to control egg and 

meet-associated transmission of Salmonella Enteritidis to humans. About 38% of 
all infected hens produced at least one contaminated egg, at an overall incidence 
of 5.2%, between 3 and 23 days postinoculation. Serologic tests can be valuable 
screening tools for preliminary detection of S. enteritidis infections in poultry (3).  

The cultural method to identify avian Salmonella infections is laborious and 
expensive, thus a rapid, sensitive and cost-effective method for the diagnosis of 
salmonellosis is anticipated. S. pullorum was isolated and a stained Salmonella 
somatic antigen was prepared. Slide agglutination tests were carried out with un-
diluted and diluted anti-sera having known ELISA titre and end point agglutination 
titre was determined. This method may be used to screen the Salmonella infections 
in the poultry farms and to calculate the titre of the antiSalmonella antibody in the 
infected and vaccinated chickens under farm conditions. A test kit containing 
stained antigen along with positive and negative control sera may be prepared for 
commercial uses (4). 

Serological methods should be used to identify infected flocks/herds rather 
than to identify infected individual animals, although repeated herd tests can be 
used as an aid to selective culling of chronic carrier animals. Serological tests are 
normally designed to detect a limited range of Salmonella serovars or serogroups. 
Some animals with a positive serological response may no longer be infected with 
Salmonella organisms and in low prevalence countries specificity issues mean that 
most positive results will be false. Animals that are actively excreting Salmonellae 
may be serologically negative in the early stages of disease and some individual 
infected animals never seroconvert. Animals that are serologically positive may 
have ceased to excrete Salmonellae although circulating immunoglobulin 
concentrations may remain high. Other animals on the farm may still be infected. 
Serologically negative animals may result from a recent infection causing excretion 
before immunoglobulin production is maximal, or infection with less invasive 
serovars. Animals that have been infected recently would, in all probability, 
eventually be detected serologically by an appropriate monitoring programme 
throughout the life of the flock/herd but there are often cost limitations to the 
application of effective monitoring programmes. Depending on the antigen and test 
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used, serological cross-reactions between different serovars may occur, e.g. S. 
Typhimurium, S. Pullorum and Enteritidis (8).  
 

Conclusions 
 
The present stained Salmonella Enteritidis antigen for slide agglutination 

test found to be easy, sensitive, reliable, cost and time effective and needs very 
small amount of antigen, sera and as well as accessories. This method may be 
used to screening the Salmonella Enteritidis infections in the poultry and mammals 
stocks. 
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Summary 
 

Both human and animal health is one of the most important challenges in EU 
countries. In this context, the main goal of our research is to test alternative solutions to 
stimulate specific and nonspecific immunity in farm animals, given the increasing number of 
restriction in use of antibiotics as growth promoters, antibiotics that have led to the 
emergence of multiple resistant strains of bacteria. 

For this purpose, our research assessed the immunogen effect of the 
Pneumosuivac B vaccine (a mixture of Actinobacillus pleuropneumoniae serotypes 9, 2 and 
5, and Pasteurella multocida strains 511 and 616), in combination with NutriBAC (a probiotic 

based on lactic bacteria, yeast, organic acids, cellulose butyrate, essential vitamins and 
trace elements), on the immunological reactivity four weeks old piglets. In animals studied, 
the immunomodulatory effect of probiotic was assessed by hematological changes, the 
levels of lysozyme and serum properdin and antibody titer determined by indirect ELISA. 

Key words: pigs, probiotics, immunomodulation 
 

Immunological reactivity of young animals is conditioned by the degree of 
morphofunctional development of humoral and cellular factors, specific and non-
specific, involved in immune reactions (1, 6). 

In the last decades, more and more research were made about the 
immunostimulatory products worldwide, particularly aiming to stimulate nonspecific 
immunity, essential to providing immunostasis (or immune balance) in animals (2, 
3, 5). 

Probiotics are defined as dietary supplements in the composition of which 
can be found normal flora microorganisms with low or no pathogenicity, but with 
beneficial effects on the health of the host. Another definition considers probiotics 
"products based on microbial cell or components of microbial cells with a beneficial 
effect on the health of the hosts, well tolerated by animals" (4, 7). 

Research carried out in last years in the field of applied immunology 
showed increased bioavailability and immunomodulating activity of these probiotics 
in combination with immunogenic products. Thus, in addition to improving the 
economic performance of animals, probiotics have a positive influence on their 
defense capacity (2, 5, 6). 
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Given these data, in this paper are presented the results obtained after 
administration, in two groups of piglets, a probiotic that includes both a microbial 
component and essential vitamins and trace elements. 

 
Materials and methods 

 
The research was performed on 20 piglets, aged four weeks, divided into 

two groups. All studied animals received standard fodder; however experimental 
group was additionally treated with the probiotic NutriBAC (5% of diet).  

In order to carry out blood and serological tests, blood samples were 
collected from all pigs in the study, as follows: S1 - on the day of vaccination, S2 - 
21 days after the first vaccination, S3 - 21 days after the second vaccination (42 
days after first vaccination) and S4 - 42 days after the second vaccination (63 days 
after first vaccination). 

Samples were processed in Immunology and Microbiology Laboratory, 
Faculty of Veterinary Medicine Timisoara.  

Pneumosuivac B vaccine (Pasteur Institute, Bucharest, Romania) is 
mixture of Actinobacillus pleuropneumoniae serotypes 9, 2 and 5, and Pasteurella 
multocida strains 511 and 616, inactivated by heat and formalin and adsorbed onto 
aluminum hydroxide. 

NutriBAC probiotic (Alvetra & Werfft, Vienna Austria) contains lactic 
bacteria, yeast, organic acids, cellulose butyrate, essential vitamins and trace 
elements. 

Immunomodulatory effect of NutriBAC has been assessed by 
hematological changes, the concentration of lysozyme and serum properdin and 
antibody titer. Determination of specific antibody concentrations was made by 
indirect ELISA. 
 

Results and discussions 
 

All monitored parameters showed different values in the two groups of 
piglets, and the results are centralized and systematized in the following tables and 
graphs. 

Regarding serum lysozyme, the highest values were recorded in the 
experimental group, vaccinated and treated with probiotic, the maximum level 
(16.07 μg/cm

3
) being recorded two weeks after the second vaccination (Table 1 

and fig. 1). 
Serum lysozyme average levels in control group animals are characteristic 

for normal response after vaccination. Maximum (14.79 μg/cm3) was recorded after 
the second vaccination, which shows a good immune reactivity of animals. 
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Table 1 
Serum lysozyme concentrations (µg/cm

3
 serum) 

 
Group 

Average 
values 

Experimental period 

initially  
(S1) 

at 21 days 
(S2) 

at 42 days 
(S3) 

at 63 days 
(S4) 

control 
x ±Sx 12.71±0.23 13.51±0.24 14.79±0.22 14.09±0.24 

C.V. 5,76 5.52 4.71 5.30 

experimental 
x ±Sx 13.29±0.26 14.44±0.23 16.07±0.56 15.68±0.95 

C.V. 6.24 5.16 3.48 6.09 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation 

 

 
Fig. 1. Dynamics of serum lysozyme (C – control group;  

E – experimental group) 
 
Properdin, as main factor of nonspecific resistance, presents during the 

experimental period a characteristic trend in both groups of piglets (Table 2). Thus, 
if at the beginning of the experiment there were no significant differences between 
experimental and control animals (average values were almost equal and without 
individual variation - CV under 5%) after 28 days of probiotic supplementation, 
there were significant differences between the groups, which were maintained until 
the end of the experiment. 

Analyzing the dynamics of serum properdin in comparison with serum 
lysozyme, we find that properdin level rise until the end of the experiment, the 
highest values being recorded at 42 days after the second vaccination (23.09 ± 
0.49 mg/100 cm

3
 serum) (fig. 2). 
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Table 2 
Serum properdin values (mg/100cm

3
 serum) 

 
Group 

Average 
values 

Experimental period 

initially  
(S1) 

at 21 days 
(S2) 

at 42 days 
(S3) 

at 63 days 
(S4) 

control x ±Sx 16.16±0.24 17.10±0.40 18.73±0.38 20.90±0.66 

C.V. 4.74 7,50 6.68 10.00 

experimental x ±Sx 15.70±0.16 17.80±0.56 20.89±0.44 23.09±0.49 

C.V. 3.26 10.07 7.06 6.78 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation 
 

 
Fig. 2. Dynamics of serum properdin (C – control group;  

E – experimental group) 
 

The results of haematological investigations (white blood count) are 
shown in table 3 and figure 3. White blood count had an increasing dynamics, the 
maximum values, in both groups, being recorded after each vaccination. 

 
Table 3 

White blood count - the structure of populations of leukocytes  
(average values) 

Group Sampling 
Total 

leukocytes 

from which % 

L N E B M 

C 

S1 2000.2 45.30 41.44 5.51 0.36 7.33 

S2 2625.0 47.12 39.04 6.46 0.12 7.03 

S3 4318.1 45.29 46.17 3.54 0.37 4.88 

S4 4702.4 46.08 45.67 4.74 0.37 3.44 
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E 

S1 2643.0 46.96 38.57 7.93 0.22 6.41 

S2 3409.4 50.07 35.81 7.18 0.39 6.93 

S3 5605.1 44.96 46.01 3.79 0.38 4.96 

S4 6138.5 50.98 39.98 4.42 0.44 4.20 
Legend: L = lymphocytes; N = neutrophils; E = eosinophils; B = basophils; M = monocytes 

 

 
Fig. 3. Dynamics of total leukocytes (C – control group; E – experimental group) 

 
In the control group animals, there is no significant increase of lymphocytes 

and the lymphocytes and neutrophils ratio are not reversed after the second 
vaccination. However, in experimental group, the number of lymphocytes 
increases, both after the first and after the second antigenic stimulation, and the 
lymphocytes and neutrophils ratio is reversed (fig. 4 and 5). 

 
Fig. 4. Dynamics of limphocyte population (C – control group; E – experimental group) 
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Fig. 5. Dynamics of neutrophil granulocytes population (C – control 

group; E – experimental group) 
 
Phagocytic index showed lower values  in the control group throughout 

the experimental period (Table 4 and fig. 6). 
Table 4 

Phagocytic index values (%) 

 
Group 

Average 
values 

Experimental period 

initially 
(S1) 

at 21 days 
(S2) 

at 42 days 
(S3) 

at 63 days 
(S4) 

control 
x ±Sx 16.9±4.25 22.9±6.5 26.7±7.8 20.1±7.3 

C.V. 25.17 28.73 29.38 36.66 

experimental 
x ±Sx 18.0±3.9 30.1±7.2 38.4±4.7 31.2±5.4 

C.V. 22.06 23.77 12.16 17.34 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation 

 
Fig. 6. Phagocytic index evolution (C – control group; E – experimental group) 
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Data about phagocytic index correlates with the white blood count, except 
that White blood count maximum values registered at the second sampling remain 
stable until the end of the experiment. 

The levels of specific antibodies assessed by indirect ELISA are shown in 
table 5 and figure 7. 

Table 5 
Antibody titers in animals vaccinated with Pneumosuivac (O.D.) 

 
Group 

Average 
values 

Experimental period 

initially 
(S1) 

at 21 days 
(S2) 

at 42 days 
(S3) 

at 63 days 
(S4) 

control 
x ±Sx 223.7±14.05 396.9±39.17 474.7±42.50 912.3±63.68 

C.V. 19.86 31.21 28.31 22.07 

experimental 
x ±Sx 364.5±38.26 542.7±78.72 580.8±71.61 1138±103.11 

C.V. 33.19 45.87 38.99 28.64 

Legend: x  = average; Sx = standard deviation; C.V. = coefficient of variation 

 
Antibodies concentration, expressed in optical density units (O.D.), 

increased progressively in all studied animals (both in control and experimental 
group), the higher average values being recorded in experimental group (treated 
with probiotic). Thus, the highest average value (1138 ± 103.11 O.D.) was recorded 
in this group, after the second vaccination. 

Compared with the experimental group, the control group (untreated with 
probiotic) shown lower levels of specific antibodies. For example, 21 days after the 
second vaccination, the difference between the experimental and control group 
was 225.7 O.D.  

 
Fig. 7. Dynamics of antibodies titer (C – control group; E – experimental group) 

 
Due to the improved outcome in the group treated with probiotic, we 

consider that NutriBAC stimulates general immunological reactivity in piglets, in a 
difficult period caused by the weaning stress. 
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Conclusions 
 

Blood tests showed a progressive increase of total leukocytes, the 
maximum being recorded in experimental group piglets. 

In piglets fed with the probiotic, lymphocytes and neutrophils ratio is 
reversed after the first vaccination, this aspects being maintained until the end of 
the experiment, after the second antigenic stimulus. 

NuriBAC stimulates the synthesis of non-specific immune effectors (serum 
lysozyme and properdin), but the increase was not significant. 

The specific antibody titers showed a marked individual variability and 
remain high until the end of the experiment.  

Compared with the control group, untreated with probiotic, experimental 
group showed higher average antibody concentrations in all samplings. 
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Summary 

 
Raw milk quality obtained from small and medium farm in Romania was inconstant 

during last years. Despite different measures have been applied for improving milk quality 
the results were inconstant and non satisfactory. If we taking into consideration that 
beginning to the January 2014 Romania could not process milk which do not accomplish the 
standard and that the quality and that shelf life stability of heat treated market milk is 
dependent on quality of raw milk, the importance to accomplish the standard 
recommendations is more important. In order to evaluated the efficiency of applied 
measures and to offer real information for the authorities, raw milk samples collected from 
farm in Timis County have been analyzed by SPC (standard plate count) and SCC (somatic 
cell count). The SPC was determined by plating on a standardized plate count agar followed 
by aerobic incubation for 3 days at 30‖C and SCC were determined by using Nucleocounter 
SCC100. Regarding general level of milk contamination, out of 122 samples analyzed, 
77.8% were noncompliant with standard (SPC 100 000 FCU ml). Even more, 52% of these 
have had SPC higher than 500 000 FCU/mL Quality of raw milk regarding SPC is an 
indicator for monitoring the sanitary conditions present during the production, collection, and 
handling of raw milk in farm. 52% out of 122 samples analyzed were noncompliant with SCC 
standard (SCC 400000 cell/mL). In plus 41% of samples have had a milk SCC >600000 
cell/mL. This study highlights the importance of identifying realistic measures for improving 
of raw milk quality by improving farm hygienic conditions during milk production and that 
management of udder health is necessary. To achieve standard value of raw milk 
processors, dairy farmers and authorities need to work together and to structure real 
economic measures for improving milk quality. 

Key words: raw milk, quality, Somatic cell count 

  
It is well known that the quality and stability of market milks is dependent 

largely on different factors such as the microbiological quality of raw milk especially 
the initial numbers of microorganisms (1,2,4). 

The numbers and types of microorganisms in milk immediately after 
production (i.e., the initial microflora) directly reflect microbial contamination during 
production, collection, and handling. SCC (somatic cell count) has become also the 
one of the most important measure of milk safety. The SCC level on milk also is 
dependent on the number and duration of mamarry infections present and rate of 
new infections. Regulation EU no. 853 of 2004 allows processing cow's bulk tanks 
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milk only if it contains no more than 100,000FCU/mL and less than 400,000 
somatic cell count per milliliter (9). 

Raw milk quality obtained from small and medium farm in west part of 
Romania was inconstant during last years. Despite different measures have been 
applied for improving milk quality the results were inconstant and non satisfactory. 
In our country ‖penalties‖ for failure of quality criteria, only directly affect a small 
proportion of farmers at the worst end of the scale and most ofen have had no 
result in improvement in control of milk quality. Most milk in Romania has much 
higher counts than these requirements. If we taking into consideration that 
beginning to the January 2014 Romania could not process milk which do not 
accomplish the standard and that the quality and that shelf life stability of heat 
treated market milk is dependent on quality of raw milk, the importance to 
accomplish the standard recommendations is more important.  

In order to evaluated the efficiency of applied measures during the last 
years and to offer real information for the authorities, raw milk samples collected 
from farm in Timis County have been analyzed by SPC (standard plate count) and 
SCC (somatic cell count). 

 
Materials and methods 

 
Samples were taken monthly from the bulk tank during september 2013 to 

march 2014 of 21 small, medium and large (individual and associated) farms from 
the west part of Romania, Timis county. All collected samples were analyzed for 
microbial count (SPC). For each milk sample, serial dilutions, were made 
(according to standard), one mililiter of dillution was transferred into Petri dishes, 
than pourred the plate count agar (PCA) medium (10). The Petri dishes were 
incubated at 30 ± 1°C for 72 h. After incubation, the colonies were counted, and 
this count was divided by the dilution factor to obtain the cfu/mL The somatic cell 
count (SCC) was obtained with a Nucleocounter SCC 100 (Chemometec) and 
analyses were performed according to the supplier‘s manual.  

 
Results and discussions 

 
A large variation in raw milk quality during the exepriment was observed. 

The overall level of contamination of milk from the storage tank ranged from one 
farm to another and within the same farm to harvest month to another. Thus these 
variations ranged from 308 cfu/ml and 5.7 million cfu/ml, the variation in the level of 
contamination from one month to another, were observed (table 1).  

Differences in the level of contamination of milk from farms that delivered 
different amounts of milk were not found. Of the total sample average firm 
examined 20% presented a microbial load between 300,000 and 500,000 cfu / ml, 
10% of samples presented microbial load between 500,000 and 1000000ufc/ml 
and 70% of the samples showed a higher microbial load 1000000 cfu / ml. 
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In terms of microbial load variation in monthly average of the milk samples 
was a non-uniform way. In November, January and March the percentage of 
samples that exceeded the Reg. UE 853/2004 regarding the total microbial load 
was more than 90%. In other months the percentage of non-compliant samples 
ranged from 50 to 70%. 

Proper udder and teat preparation before milking are important conditionto 
obtain milk at hygienic standards. The results reveal important hygiene adultering 
during milk obtaining in farms. Cleaning the udder before milking it is very important 
in order to removed the dirty and microorganisms which can contribute to a high 
level of bacteria in bulk tank milk as we observed in this study (1,2,4 ). 

 
Table 1  

Mean value of general level of contamination and somatic cell count of raw 
milk in different farms 

Farm NTGMA NCS Farm NTGMA NCS 
FCUx1000/mL SCCx1000/mL FCUx1000/mL SCCx1000/mL 

1 2669 315 11 501 147 

2 1425 1077 12 2575 235 

3 4090 916 13 3917 1136 
4 2941 723 14 5738 663 
5 3012 697 15 7671 494 
6 5300 503 16 5464 113 
7 1670 1036 17 393 247 

8 1600 726 18 2330 419 

9 4693 1053 19 320 378 
10 308 170 20 1188 269 

   21 615 30 

 
The arithmetic mean for SCC bulk tank milk were very different from one 

farm to another farm (table 1). 
The average number of cells in the milk was 664 000 SCC/mL cells / ml 

(varying from 50,000 to less than 2,000,000 cells / ml milk). In October and 
November was recorded the lowest number of cells in the milk in the tank, 420000 
SCC/mL and 537 000 SCC/mL respectively. Only 50% of milk samples analyzed 
were consistent with regulation 853 of 2004, observing a decreasing trend of this 
percentage for February and March. A similar effect of month was found in Poland 
by Skrzypek and col. (8). They observed an increased SCC level in milk related to 
a higher frequency ofmastitis in the summer season still the direct relationship has 
not been clarified yet. Probably the higher temperature in summer period 
favourised the irritation of udder and increasing the stress of animal which could 
favourised the udder inflamation and increasing of SCC number in milk. Also, the 
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SCC number could increased in period of cow transition from grazing to housing 
system. 

In contradiction with Olde Riekerink R. G. M. and col. (6) we didnt 
observed a different SCC number in bulk tank milk from small, medium or large 
farms. We believe a great importance in getting milk with lower somatic cell count 
is more related to management than to the number of animals in these farms. The 
hiogher SCC in bulk tank milk could be an effect of deficiences in milking system, 
mastitis management and environmental conditions. A relationship between SCC 
bulk tank and percent of infected quartier still exist. Hange, 1988 (8) established 
that milk upper limit for SCC of 750,000 cells/mL, approximately 25 percent of 
quarters are infected by major pathogens. That milk is The bulk tank somatic cell 
count (BTSCC) reflects the total number of infected mammary quarters in the herd 
that are actually being milked into the tank (5). 

Despite of newer technologies and a better understanding of mastitis, not 
only in our conuntry but also in others countries the average of SCC in bulk tank 
milk increasing and sometimes exceed the limits. Different measures such as post 
milking teat dipping, dry cow therapy, pre-milking hygiene, and proper function and 
operation of milking equipment, as well as appropriate treatment of clinical cases, 
have been proven effective in lowering SCC (6). 

Compared with the results obtained In previous studies realised during 
2002 to 2005 on raw milk by Sala and col., Czister and col. observed a continuous 
improving of raw milk quality during the analized period and also a lower level of 
contamination of raw milk collected from farms (3,7). 

 In different countries and also in Romania, penalties applied for 
„unconform milk‖, which would only directly affect a small proportion of farmers and 
could have as result anysignificant improvement in control of mastitis. Some 
authors consider that that education and just knowing the "why" and "how" of 
producing quality milk will be enough. 

. 
Conclusions 

 
 Despite multiple efforts made by the bodies to improve the quality of raw 

milk, situation is not satisfactory. Many of the samples analyzed from different 
farms in the west part (although a short period of time) are non compliant with 
European quality requirements for raw milk.  

The results show serious violations of the rules of hygiene applied in farms 
and constant quality degradation as compared to previous years. In this context, 
further action is needed and making an effective plan to improve the quality of farm 
milk delivered to processing plants: Assessment of the actual quality of raw milk 
entirely national identification based on questionnaire ( under a national program to 
improve the quality of milk ); effective hygiene measures applied in farms especially 
udder disease management is required; Financial supporting producers to 
implement effective measures aimed at achieving raw milk quality ; Strengthening 
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control compliance check could be important measures for improving the raw milk 
quality. 
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Summary  

 
 The purpose of this study was the assessment of two methods for inducing 

immunotolerance in concordant combination (duck-poultry), inoculation onto allantoic 
membrane and into vitelline sack. Biological material was represented by six donor ducks 
and six experimental groups of COBB 500 embryos (n = 180), matched by an equal number 
of control groups. Inoculation of antigenic material (blood mononuclear cells and bone 
marrow mononuclear cells) in the purpose of immunotolerance induction was performed in 
fifth day of incubation. 

At the age of three weeks, the resulting poultry (recipients) were tested for donor-
recipient compatibility using mixed lymphocytic reaction and the lymphocyte profile (naive, 
effector and memory T cells) was also characterized.  

Inoculation on to allantoic membrane of the two types of mononuclear cells (from 
blood and bone marrow) did not allow obtaining the status of hematopoietic chimera. In 
contrast to this method, inoculation into vitelline sac resulted in hematopoietic chimera status 
for the majority of the experimental poultry and switching of the lymphocyte profile to effector 
and memory subsets. 

Key words: immunotolerance, xenotransplant, hematopoietic chimera 
 

Immunological tolerance is a specific non-reactivity of the immune system 
to a particular antigen, which is capable under other conditions of inducing an 
immune response. 

This non-responsiveness can be achieved if the recipient comes in contact 
with the antigen in the early stages of immune system ontogenesis, prior developed 
to the antigen-reactive T cell clones, leading to a state of aquired immune 
tolerance. However, for the persistance of this condition, it is necessary that the 
antigen to be administered in a sufficient amount and to persist a long period of 
time in the recipient body. 

The aim of this study was to induce selective imunological tolerance to 
concordant xenografts (duck-poultry combination) using two methods - inoculation 
on to allantoic membrane and into vitelline sack – for bringing the recipients in 
contact with antigenic information (blood mononuclear cells and bone marrow 
mononuclear cells) during embryonic development. 
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Materials and methods 

 
Biologic material – Concordant xenograft experiments were performed 

using as recipients 450 embryonated eggs of Cobb 500 hybrids (S.C. AVE IMPEX 
SRL, Romania), and as donors six ducks. 

Harvest of the biological samples necessary to obtain antigenic 
material 

Blood samples (5 ml / donor) were taken on heparin from the brachial vein 
of the donor ducks number 1 and 4.  

Bone marrow samples (5 ml/donor) were harvested also on the heparin 
from ducks number 2, 3, 5 and 6. We choose to aspirate the bone marrow samples 
from the medullary cavity of the femur and tibia of the same leg, and the technique 
respected the principles from literature (9, 10). 

Embryonated eggs have been subjected to inoculation of xenogeneic cells 
(blood mononuclear cells and bone marrow mononuclear cells) of from donor birds 
in two embryo annexes in the 5

th
 day of incubation, as shown in Table 1. 

After hatching, the chicks were divided into six experimental groups whose 
indicative corresponded to that of donor docks, and each experimental group was 
matched to a control group consisting of an equal number of birds not subject to 
inoculation of xenogeneic cells during incubation (Table 1). 

 
Table 1 

Experimental scheme in concordant xenotransplant (duck to hen) 

Embryo annexes 
Antigenic material 

used 
Donor 
birds 

No. of 
embrionated 

eggs 

No. of 
viable 
chicks 

Groups 

Allantoic 
membrane 

blood mononuclear 
cells 

D1 30 7 E1 

bone marrow 
mononuclear cells 

D2 30 8 E2 

D3 30 9 E3 

Vitelline sack 

blood mononuclear 
cells 

D4 30 8 E4 

bone marrow 
mononuclear cells 

D5 30 16 E5 

D6 30 15 E6 

 

 
Blood and bone marrow samples were processed by centrifugation on 

Ficoll-density gradient (StemCell Technologies Inc, Vancouver, BC, Canada) (6). 
Mononuclear cells were labeled with PKH2 dye, according to PKH2 Green 
fluorescent cell linker mini kit protocol (Sigma Aldrich

®
, St. Louis, MO, USA). Using 

this protocol, we obtained the concentrates of blood and bone marrow 
mononuclear cells for inoculation in embryonic annexes. 

Xenogeneic cells were inoculated on to allantoic membrane and into 
vitelline sack. 

After hatching, the following aspects were evaluated: 
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- hematopoietic mixed chimerism – by flow cytometry, using FACSCalibur 
flow cytometer (Becton Dickinson, USA); 14-days-old birds from experimental groups 
obtained after inoculation of xenogeneic mononuclear cells stained with PKH2 were 
assessed for the persistence of donor‘s cells used to induce immunological 
tolerance; 

- donor-recipient compatibility – was checked according to Sigma PK 
Linker protocol for mixed lymphocyte reaction; the test covered all experimental 
birds and 15 randomly choosed control birds (one week before skin grafts 
transplant); 

- distribution of T cells subsets - five birds/experimental and control 
group were assessed using flow cytometry; after marking of peripheral blood 
lymphocytes with anti-CD3, CD4, CD8, CD45RA, CD28, and CD25 fluorochrome-
conjugated monoclonal antibodies. 

Statistical analysis was performed using the Statistical Package for 
Social Sciences (SPSS, version 21, Chicago, IL, USA), and mean, standard 
deviation, minimum and maximum values and correlation coefficient (r) were 
determined. Differences of the mean of various categories were analyzed using 
one-way ANOVA test. Differences were considered significant when P values were 
less than 0.05. 

 
Results and discussions 

 
Effect of concordant xenogeneic cells inoculation onto allantoic 

membrane 
This method allowed us to obtain the following results: 
- absence of xenogeneic leukocytes in peripheral blood of recipient birds, 

respectively invalidation of the hematopoietic chimera status; 
- incompatibility with donor birds revealed by lytic reactions and apoptosis 

in mixed lymphocyte cultures; 
- lymphocyte profiles dominated by naive T cells, similar to that in control 

group: 62.33 ± 6.68% (group E1), 59.47 ± 4.86% (group E2) and 60.12 ± 5.71 % 
(group E3) vs. 61.98 ± 6.15% (group M1), 61.80 ± 5.03% (group M2) and 58.71 ± 
4.25% (group M3). 

We consider that this method is not applicable because allantoic 
membrane is not sufficiently developed on the 5

th
 day of incubation.  

This explains the negative results of the tests applied to verify the 
compatibility of the donor-recipient and immune status, even if the inoculation of 
xenogeneic cells was carried out in moment which overlaps with the first "wave" of 
immature lymphocytes which, under the action of chemoattractant factors, 
populates the embryonic thymus (1, 2, 3). 
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Effect of concordant xenogeneic cells inoculation into vitelline sack 
After verifying the hematopoietic chimera status of to two weeks of age, the 

following results were obtained: 
- in E4 group – chimera status in two birds (25%), which had 1.15 and 1.27 

% xenogeneic leukocytes in peripheral blood; also, the xenogeneic cells were 
present in the blood circulation of other five birds (62.5 %), but under  minimum 
permissible of 1% (0.07 to 0.62%); 

- in E5 group - chimera status of in 11 birds (68.75%), which had values of 
1.09 to 1.53% of xenogeneic leukocytes; the other chicks (31.25%) had levels of 
xenogeneic cells between 0.24 and 0.85%. 

- in E6 group - hematopoietic chimera in 13 birds (86.66%), with levels of 
xenogeneic cells between 1.27 and 1.51%; the other two birds of the group  
(13.33%) had only 0.11% and 0.98% xenogeneic leukocites in peripheral blood. 

The above values shown that inoculation of concordant xenogeneic 
mononuclear cells in the vitelline sack, on the fifth day of incubation, allow better 
results than inoculation onto allantoic membrane. Moreover, from 90.47% of the 
E4-6 groups birds detected positive for chimera status, 68.42% (n = 26) had more 
than 1% xenogeneic leukocytes in peripheral blood. Correlating the type of 
antigenic material with the presence of chimera status, we obtained a correlation 
coefficient (r) of 0.98 (P<0.001%), suggesting that bone marrow mononuclear cells 
have a strong and statistically significant effect in induction of this status. 

Donor-acceptor compatibility assessment by flow cytometry technique 
showed the following aspects: 

 - in E4 group - partial compatibility with persistence and lytic phenomena 
and apoptosis at very low intensity in 12.5% of the birds and absolute compatibility 
with the donor in 87.5% in birds;  

- in E5 and E6 groups - 100% compatibility with donor birds;  
- in control groups - absolute incompatibility with donor birds. 
Assessment of the effect of tolerance induction moment on the 

compatibility with xenogeneic cells donors yielded a correlation coefficient of 0.64 
(P<0.05), indicating that the influence of the first variable is strong, direct and 
significant. 

However, comparing the two method of inoculation - onto allantoic 
membrane and in vitelline sack, both carried out on the 5

th
 day of incubation, the 

differences obtained were significant (P<0.001), demonstrating that not only the 
time of the intervention is essential for the induction of immunotolerance against 
non-self antigens, but the technique applied. 

Inoculation of xenogeneic blood and bone marrow mononuclear cells had 
significant effects on the immune repertoire of recipient birds, their lymphocyte 
subpopulations profile switching on memory and effector T cells (Table 2). 

Changes induced by inoculation of blood and bone marrow mononuclear 
cells are conspicuous, being observed in recipients birds compared with controls, 
respectively a decrease of about 66% in naive T lymphocyte subpopulation and 
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double values for effector, memory and CD25
+
 subsets. The largest proportions of 

CD25
+
 memory T cells were obtained E5 and E6 groups (resulted after inoculation 

of bone marrow cells), the maximum registered being 15.67%. 
 

Table 2 
The average percentage distribution of T lymphocyte subpopulations in birds 

subjected to inoculation of xenogeneic cells into vitelline sack 
Group NaiveT cells (%) Effector T cells 

(%) 
Memory T cells 

(%) 
CD25

+ 
memory T 

cells (%)
*
 

E4 X 19.18 47.60 33.21 13.44 

SD 3.31 4.82 4.02 1.85 

M4 X 62.39 18.45 19.16 5.66 

SD 6.42 2.90 3.21 0.81 

E5 X 20.39 40.62 38.98 13.93 

SD 3.45 4.12 4.27 1.85 

M5 X 60.42 20.51 19.06 6.81 

SD 4.63 2.75 2.81 0.94 

E 6 X 21.32 42.72 35.95 14.85 

SD 3.54 5.03 4.21 2.59 

M6 X 61.66 19.53 18.80 5.59 

SD 6.14 3.89 3.26 0.92 
 

Legend: X=average; SD=standard deviation 
*
the proportions of CD25 + memory T cells were calculated from the total values corresponding 
to CD28

-
CD45RA

+
memory T cells  

 
Differences between groups E4-E6 and control groups are significant 

(P<0.001) for all lymphocyte subsets assessed. But there were no statistically 
significant differences between E4, E5 and E6 groups. This shows that early 
intervention during embryonic development ensures switching the lymphocyte 
profile on effector and memory subsets. It is also demonstrated once again the 
importance of CD25

+
 memory T cells, whose increased percentage was 

associated, with the status of hematopoietic chimera. 
Regarding experimental protocols applied to mammals, we can mention 

temporary induction of tolerance to pig skin xenografts in mice, after thymectomy or 
treatment with anti-T cells monoclonal antibodies, followed by swine thymus 
grafting in renal capsule (5, 12). In fact, in this case, it were obtained in time 
macrochimeras with extremely high levels of xenogeneic cells (over 90%), which, 
of course, do not display reactivity against the donor tissues. 

It also has been reported specific immune tolerance obtained in rat bone 
marrow transplantation in mice after administration of anti-T cells and NK cells 
monoclonal antibodies, associated with a sublethal dose of radiation (8). Another 
protocol, targeting specific immune tolerance in concordant xenogeneic bone 
marrow transplantation, is based on blocking the costimulatory pathway with anti - 
CD154 monoclonal antibodies (4, 7). However, this blockade has important side 
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effects because CD154 participates in blood clotting (so, its neutralization causes 
generalized thrombosis) (10). 

 
Conclusions  

 
Concordant xenogeneic bone marrow mononuclear cells are the optimal 

antigenic material for induction of specific tolerance to concordant xenografts in 
chicken embryo. 

The uneven results of xenogeneic blood mononuclear cells inoculation, 
irrespective of the intervention moment, preclude its use as antigenic material for 
tolerance induction in chicken embryos. 

Inoculation of the xenogeneic cells, regardless of their origin (blood or bone 
marrow), on to the allantoic membrane of five day old chicken embryos is not an 
applicable method of inducing immunological tolerance, its exclusion being based 
on degree of annex development. 

Inoculation into vitelline sack is the only method that resulted in 
macrochimerism in a large number of embryos, and induced specific immune 
tolerance. 
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Summary 

 
Immunological tolerance is one of the fundamental properties of the immune 

system, which facilitates discrimination between self and non-self antigens, allowing the 
body to maintain balance of internal components, by recognizing them as their own, and at 
the same time, to fight against aggressions of external pathogens (foreigh antigens). This 
state of tolerance is an ongoing process that installs from the early stages of immune system 
ontogenesis and lasts the entire life of the individual. This article aims to describe the major 
features of the immunotolerance state, focusing on specific mechanisms that determine 
effector cells tolerance at central level (in primary lymphoid organs - central tolerance) and 
peripheral level (in secondary lymphoid organs - peripheral tolerance). 

Key words: natural immunotolerance, central tolerance, peripheral tolerance, self-

antigens 

 
Immunological tolerance represents a set of phenomena characterized by 

the absence of the antigen-specific responses. It is one of the fundamental 
properties of the immune system, and is associated with its ability to discriminate 
between own antigens (self antigens) and foreign antigens (non-self antigens), 
resulting a protective status against exogenous pathogens, together with the 
absence of reactions against self antigens. State of tolerance is an ongoing 
process that begins during fetal development and lasts throughout life (10). 

Understanding the mechanisms that maintain tolerance is important to 
understand the physiology of the immune system. It also is useful for designing 
novel means of inducing or restoring tolerance in conditions where it is not 
functioning properly. Situations where tolerance induction is desirable represent a 
major cause of morbidity and mortality in animals and humans, such as  
autoimmune diseases, rejection of transplants and hypersensitivity reactions (12). 

Immunological tolerance can be induced by a number of self or non-self 
antigens which act in the early stages of cell maturation or after the mature 
lymphocytes have been exported from the central lymphoid organs. Therefore, in 
order to be initiated, exposure to antigen is necessary, but for its persistencem 
continued presence of antigen is required (9, 10). 
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 Depending on the origin of the antigen, immunological tolerance is 
classified into two categories: natural tolerance (for self antigens) and acquired 
tolerance (for non-self antigens). 

 
Major characteristics of immunotolerance 

 
According to Abbas et al., quoted by Vior et al. (10), the fundamental 

concepts relevant for the state of tolerance are the following: 
- tolerance to autoantigens is an active process, natural or acquired, to a 

lesser extent inherited, in which potentially autoreactive lymphocytes are stopped 
to develop in functional cells able to recognize self antigens or mature autoreactive 
cells are inactivated after contact with these self antigens; 

- the maturation of lymphocytes is associated, on the one hand, with positive 
selection of the cells repertoire which, after maturation, will recognize and interact 
only with foreign antigens and, on the other hand, with negative selection of the 
clones that recognize self antigens and which are removed; 

- tolerance of self structures is induced by the expression of the cell surface 
receptors, as a consequence of the recognition of specific self antigens by 
lymphocytes, under certain conditions prevailing in the central lymphoid organs 
and, subsequently, to a lesser extent in peripheral tissues and organs; 

- during the maturation process, lymphocytes pass through the stages in 
which interaction with an antigen induce immunological tolerance and does not 
cause the cells‘ activation; these stages are characteristic for the development of 
lymphocytes in primary lymphoid organs (bone marrow, thymus, and bursa of 
Fabricius in birds); under normal conditions, in these organs are present only self 
antigens, the exogenous being present in peripheral organs; therefore, immature 
cells will encounter only self antigens and specific clones for these antigens will go 
through determining mechanisms of central tolerance; 

- cells that are not eliminated by negative selection and central tolerance 
mechanisms are inactivated in the periphery by the peripheral tolerance 
mechanisms; 

- the main mechanism of the central tolerance are: clonal deletion (through 
the process of apoptosis, preceded by cell activation) and clonal anergy; both 
mechanisms are induced through the interaction of antigens with specific receptors; 

- T cell tolerance is sufficient in a large extent to avoid, in addition to cell-
mediated responses, the production of antibodies against autoantigens; self 
antigen-specific B lymphocytes can survive their own if they come in contact with 
small concentrations of antigens, but does not produce highly specific antibodies 
without T-cell cooperation; 

- antigens independent to T cells, such as glycolipids and polysaccharides, 
can induce directly B-cell tolerance; 
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- cell clones specific for self antigens can survive, remaining functional, but do 
not respond to self antigens; this state of the T or B cell is referred to as clonal 
ignorance. 

 
Mechanisms of natural immunotolerance 

 
The state of natural tolerance against own antigens is carried out by 

several central and peripheral mechanisms that have complementary and 
synergistic effects, so imperfections of the one mechanism are corrected by the the 
second one (10). 

In the creation ot the state of tolerance involving T and B cells participate 
four types of mechanisms (3, 5, 9, 10): 

- deletion of self reactive clones, with removal from pathways of immune 
responses; the most sensitive cells are immature precursors of T lymphocytes and 
functional mature cells from the bone marrow (or bursa of Fabricius in birds) and 
thymus;  

- clonal anergy (specific lymphocytes exist, but are inactive);  
- cell-mediated suppression (by specialized T cells) of the responsiveness 

of T and B cells;  
- ignorance by the immune system of the antigens from some organs or, as 

the central nervous system, ocular structures or sperm. 
 

Central tolerance 
 
Central tolerance is achieved by processes which take place during 

lymphocyte development in primary lymphoid organs (thymus, bone marrow, and 
bursa of). Mechanisms operating in the primary lymphoid organs interest immature 
cells differentiated from pluripotent stem cells, derived from bone marrow (10). 

Among them, the cells of the lymphoid T lineage reach the thymus and 
become precursor of T cells. They go through several stages of maturation, the 
most important being the gene rearrangements leading to the structure of the α and 
β chains of the receptor for antigen (TCR). These cells undergo positive or negative 
selection process, in terms of antigen -dependent restriction, to self antigens. 
Negative selection is critical to the installation of tolerance (10). 

Similarly, the B-cell repertoire is generated during the development, by 
rearrangements of genes encoding variable regions. As a result, the structure of 
the immunoglobulin H and L chains is modified in the bone marrow (in mammals) 
and is decisive for the characterization of pre-B cells. Initially, these cells express 
surface IgM molecule. Immature B-cell clones, with encoded receptors after gene 
rearrangements, which are able to recognize and interact with a high degree of 
affinity with self antigens, are eliminated (8, 10). 

However, it was found that adult animals tolerant to some antigens have 
also B cell clones with high affinity receptors for those antigens (8, 10). These cells 
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are anergic (non reactive) towards the respective antigen stimulation, and are 
blocked between G1 and S phases of the cell cycle (10). 

Clonal anergy can be induced also in T helper cells (CD4
+
) which 

synthesize IL-2 after exposure to a MHC - "inert" antigen complex in the absence of 
secondary co-stimulatory signals delivered by the antigen presenting cells. Such 
anergic cells do not produce IL-2 even when are appropriately stimulated. Anergy 
can be induced also Th2 cell clones, which, lose their ability to assist B cells in 
antibodies synthesis (3, 10). 

 
Peripheral tolerance 

 
Peripheral T cell tolerance to the self antigens 
Some clones of potentially self reactive T lymphocytes avoid selection 

mechanisms in thymus, retaining the capacity to recognize self antigens, and are 
released in the peripheral blood. This phenomenon can be explained in several 
ways (6, 8, 10): 

- thymic cells do not express the full range of self antigens; 
- self epitopes have variable affinity, which is why only some of them will 

lead to stable complexes of peptide and MHC molecule, necessary to achieve 
clonal deletion; 

- some T cell antigen receptor (TCR) interact with ligands, but affinity of the 
interaction is not sufficient to induce deletion. 

There are four ways in which self reactive T cells can be prevented from 
reacting to self antigens: antigens ignorance, anergy, peripheral apoptosis and 
immune deviation (4, 6, 8). 

Ignoring the self antigens is a passive form of natural immunological 
tolerance established whether (6): 

- self reactive T cells do not exceed endothelial barriers that protect self 
antigens bearing cells; 

- self reactive T cells cannot be activated even after they have passed 
through these barriers, because: 

a) self antigens are present in amounts too small to be detected by 
autoreactive cells;  

(b) self antigens are present on cells that do not possess MHC molecules 
or these molecules are expressed at insufficient level; 

(c) the number of self reactive T cells is too low to initiate an effective 
immune response;  

(d) self antigens are presented in the absence of costimulatory signal. 
Anergy is a state in which the cell is viable, but lacks the ability to perform 

certain functional responses when is optimally stimulated through specific receptor 
and other receptors required for activation (10). 

Peripheral tolerance is easily induced in vitro via activation of the TCR 
(signal 1, an antigen) in the absence of costimulation (signal 2) or by the action of 
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an antagonistic molecule for the specific antigenic peptide, in the presence of 
costimulation. The state of anergy can be induced in vivo by inoculation of 
superantigens (4, 6, 7, 8). 

Anergy induced by lack of costimulation may be reversed in vitro by 
stimulation with IL-2, and T-cell function is thus restored (1, 2, 4). 

Peripheral apoptosis. After antigen activation, the majority of T cells die 
by apoptosis, a process important for maintaining the natural tolerance and 
homeostasis of the immune response (adjustment of the lymphocytes number) (6). 

The peripheral deletion of T cells involves the binding of Fas molecule to 
the Fas ligand (FasL), or the interaction between TNF and TNF receptor. Binding of 
Fas to FasL present on the cell membrane or to soluble FasL (resulting after 
proteolysis) causes the release of an apoptosis signal for the cells in the immediate 
vicinity, in a process called "fratricide" (6). 

CTLA-4 surface molecules also have an important negative regulatory role. 
Binding of B7 to CTL-4 blocks the production of IL-2 dependent on CD28 pathway, 
the expression IL2-R and the cell cycle of activated T cells. Binding of both TCR 
and CTLA-4 molecule is followed by apoptosis (6, 11). 

Immune deviation is the mechanism by which an animal can respond to 
the same antigen in two different ways. This principle applies also to the 
mechanisms of immune response against self antigens that induce autoimmune 
diseases; in the pathogenesis of these diseases, Th1 cells are involved, and can 
be prevented by the action of Th2 cell (10). 

 
Peripheral B-cell tolerance to self antigens 
Immunoglobulin synthesis by B cells differentiated into plasma cells is 

dependent on their cooperation with T cells. This, plus the ability to achieve the 
tolerance of T cells, provides the simplest explanation for non reactivity of B cells to 
self antigens - lack of support from the T cells (6). 

In addition to this indirect mechanism, there are several ways in which the 
state of tolerance can be induced in B-cell, which is influenced by a number of 
factors dependent upon the particular antigens involved (10). 

For example, some microorganisms have both cross-reactive antigens that 
are recognized as non-self epitopes by the T cells and other epitopes (antigents) 
that are similar to self antigens. Such microorganisms can elicit an important 
humoral immune response to self antigens by B cells with which they interact. 
Furthermore, unlike TCR, BCR (B cell receptor) of mature and activated B cells is 
subject to supermutations which determine the self reactivity at this late stage. 
Therefore, tolerance to self antigens must be imposed both during the development 
of B cells and antigen stimulation in secondary lymphoid organs (6). 

Self reactive B cells can be eliminated or anergizate depending on the 
BCR affinity and the nature of the antigen recognized. Induction of tolerance in 
relation to self antigens results in either elimination or anergy of the B cells, 
depending on BCR affinity and the nature of recognized antigens (6, 8). Antigens 
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are the integral membrane proteins or circulating soluble proteins, with a 
predominantly monomeric structure (6, 10). 

 B cells that recognize membrane antigens are finally eliminated. These 
antigens cross react with high avidity with the BCR of B lymphocytes. For the 
understanding of the mechanisms involved in the process, it is necessary to specify 
the number of self eactive immature B cells is not significantly reduced in bone 
marrow, even if the number of IgM receptor is reduced by the exposure of the cells 
to the self antigens bound to membrane. The B lymphocytes are aliminated in the 
central organs to a lesser extent as compared to T cells. However, B cells have a 
very short lifetime and die by apoptosis, probably before the population of 
peripheral lymphoid tissues (6). 

B cells that recognize and bind soluble self antigen (monomers) are 
anergic. Such B cells can be found in large numbers in secondary lymphoid organs 
and tissues. Anergy of these cells is possible if antigen is present and acts in a 
concentration exceeding a minimum threshold and is accompanied by reduction in 
the IgM receptors number, without modifying the IgD receptor expression (6). 

Anergy is accompanied by the blocking of the B cells maturation in the 
spleen follicles and the significant reduction of the B cell population with IgM 
receptors in the marginal zone. Unlike B cells, which undergo clonal deletion 
process, the anergic cells migrates to the periphery, where do not perform their 
normal function. Thus, due to the absence of IgM receptor, these cells do not 
interact with helper T cells. The life span of these cells is only a few days, as 
compared to normal peripheral B cells, whose life expectancy is more than few 
weeks (6). 

B cell anergy is a reversible process. Anergic B cells can recognize the 
antigen with appropriate signals received from Th cells. The recognition of antigens 
is done through the IgD receptors; further, these antigens are presented to T cells. 
Also, it can be mentioned the possibility of recovery the B7 costimulatory molecule 
insufficient expression, characteristic to anergic B cells. This deficiency is 
overcome by the action of stimulating cytokines, such as IL-4, or polyclonal 
antigens, like the LPS. Another method for the recovery of anergic B-cell function is 
the activation of these cells at the same time with chronic activation of T cells by 
the antigen of microbial contaminants (6). 
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Summary  

 

 The aim of this study was to assess the welfare of dairy cows raised on 
straw or sawdust bedding materials from selected dairy farms in South-Western 
Sweden. A questionnaire for dairy cows welfare assessment was set up using the 
Welfare Quality® protocol. A total of 20 farms were assessed, and the animal-
based measures were evaluated on 35 cows in each farm. Data were statistically 
processed, and differences between the two types of bedding materials were 

tested using chi-squared test (
2
) or Mann-Whitney U test. At individual level, cows 

had cleaner flanks/upper hind legs/tails (p<0.01) and udders (p<0.001) in farms 
where straw was used as bedding material compared to those where sawdust was 
used. At farm level, the percentage of cows showing hairless areas on tarsus was 
higher in farms employing sawdust as bedding material (p<0.05). The bedding 
material had no influence on the overall qualitative behaviour assessment score 
(19.26 in straw bedding vs. 18.87 in sawdust bedding, p>0.05), although cows 
housed on straw were more relaxed, calmer, more indifferent and more bored and 
apathetic compared to cows housed on sawdust that were more agitated, 
frustrated, playful and lively. At the welfare criteria or principle level there were no 
significant differences between the types of bedding material was used. The dairy 
cow welfare was classified as enhanced or acceptable in all visited farms, with 70% 
of farms where straw was used classified as acceptable and 71% of the farms 
where sawdust was used classified as enhanced (p<0.05). 

Key words: dairy cows, welfare, Welfare Quality protocol, straw, sawdust 
 

 European Commission barometer, as well as other national studies shows 
that animal welfare is of crucial importance for European consumers (1,2). 
Therefore, European citizens display a decisive commitment towards farm animal 
welfare. Welfare Quality® project developed a integrated and standardised welfare 
assessment protocol for farm animals, from farm to slaughterhouse. This protocol 
is very flexible and is science-based. Animal welfare assessment should be 
regarded as a multidisciplinary process because a great variety of parameters 
offers a most comprehensive evaluation of the animal welfare regardless of the 
rearing system. Previous work (6) showed that housing system (free stalls and tied 
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stalls) had a significant effect on certain principles and criteria used in assessment 
of the animal welfare, but had no effect on the overall score of the farm. 

 The aim of the study was to evaluate the welfare status of the dairy cows 
raised on straw or sawdust as bedding materials in selected dairy farms from 
South-Western Sweden. 

 
Materials and methods 

 
Based on the Welfare Quality® protocol (4) as well as following 

discussions with researchers and specialists in animal welfare, especially dairy 
cows‘ welfare, a questionnaire for welfare assessment was set up. This 
questionnaire was made up of four parts that were filled in for each farm: (1) a 
questionnaire regarding the farm management that was filled in following an 
interview with the farmer, (2) a form regarding the evaluation of the bedding 
material used in the farm, (3) an individual animal welfare indicators form using 
animal-based measures carried on 35 animals in each farm, and (4) a qualitative 
behaviour assessment form filled in after careful observations of animals. 

The main effect of the bedding material used for dairy cows, i.e. straw or 
sawdust, on animal welfare was studied. Out of 20 dairy farms that were distributed 
in the South-Western Sweden, 13 farms were using the straw as bedding material, 
while 7 farms were using sawdust. 

At the individual level, the following animal-based measures were taken: 
body condition score, time needed to get up, animals colliding with housing 
equipment during lying down, cleanliness of udder, flank/upper legs and lower legs, 
lameness, nasal, ocular and vulvar discharges, and avoidance distance test. Thus, 
a number of 700 measurements were considered for statistical interpretation. The 
relative frequency of a certain level was calculated for each measure and the 
significance of differences between the two housing systems was determined using 

chi-squared test (
2
). 

At the farm level, the following welfare measures were taken: integument 
alterations such as hairless patches, lesions and swellings on five body regions of 
the animal: tarsus, hindquarter, neck/shoulder/back, flank/side/udder, and carpus, 
as well as the qualitative behaviour indices. Statistical significance between the two 
housing systems was tested using Mann-Whitney U test. All the statistical 
procedures were carried out using Statistica software (3). 

All these measures were combined according to the Welfare Quality® 
protocol in order to calculate average value for the welfare criteria and principles for 
each farm. Finally, farms were assigned to a welfare category, as follows: 
excellent, enhanced, acceptable, and not classified (5). 
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Results and discussions 
 

At individual level, body condition score was similar in the two bedding 
material types (p>0.05), about 70% of cows showing regular body condition when 
straw was used for bedding and 77% when the sawdust was used (Table 1). More 
cows were very lean (25% and 21%, respectively) in both systems than very fat 
(5% and 4 %, respectively). 

 
Table 1 

Influence of the bedding material on the cow body condition 

Measure Description 
Straw Sawdust 

Significance 
n % n % 

Body 
condition 

Regular body condition 318 69.89 183 76.49 
χ

2
 = 1.818774 

DF = 4 
p = 0.87 

Very lean 114 25.05 52 21.22 

Very fat 23 5.06 10 4.08 

Total 455 100.0 245 100.0 

 
The distribution of cows in the two types of bedding materials was similar 

for time spent to get up (p>0.05), about 70% of cows showed normal movements 
with less than 5 seconds paused when the knee touched the ground (Table 2). 
Although, there were 2 cows that showed the bear position while attempting to get 
up from the resting area when straw was used as bedding. Eighty-nine percent of 
cows in stalls bedded with straw and almost 90% of cows in stalls bedded with 
sawdust did not collide at all with the equipment when lying down or getting up. 

 
Table 2 

Influence of the bedding material on the cows’ comfort around resting 

Measure Description 
Straw Sawdust 

Significance 
n % n % 

Time 
needed to 
get up 

Normal movements with a 
pause up to 5 seconds on 
knees 

318 69.89 181 73.88 

χ
2
 = 2.322479 

DF = 5 
p = 0.939 

Normal movements with a 
pause over 5 seconds on 
knees 

119 26.15 55 22.45 

Longer pause on knees 
with standing up difficulties 

16 3.52 9 3.67 

Abnormal standing up with 
changed behaviour 

2 0.44 0 - 

Total 455 100.0 245 100.0 

Collision 
with 
housing 
equipment 
during 
lying 
down and 
getting up 

No collision 407 89.45 220 89.79 

χ
2
 = 0.214823 

DF = 4 
p = 0.99 

Collision 46 10.12 24 9.79 

No observation 2 0.43 1 0.42 

Total 455 100.0 245 100.0 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 

 

 166 
 

 

When straw was used as bedding material, cows were significantly dirtier 
on flank/upper hind leg/tail (75.2% vs. 62.1%, p<0.01) and udders (64.8% vs. 
42.1%, p<0.001) compared to the situation when sawdust was used for bedding 
(Table 3). The lower hind legs were equally dirty between the two bedding 
materials used (p>0.05). Generally, irrespective of the bedding material used, there 
were a higher percentage of dirty than clean cows. 

 
Table 3 

Influence of the bedding material on the cows’ cleanliness 

Measure Description 
Straw Sawdust 

Significance 
n % n % 

Lower hind 
legs 

No dirt or minor splashing 116 25.27 79 31.85 
χ

2
 = 

3.690781 
DF = 5 
p =0.59 

Separate and continuous 
plaques of dirt above the 
coronary band 

339 74.73 166 68.15 

Total 455 100.0 245 100.0 

Flank/Upper 
hind leg/Tail 

No dirt or minor splashing 113 24.84 93 37.95 χ
2
 = 

13.20733 
DF = 3 

p =0.004 

Separate and continuous 
plaques of dirt 

342 75.16 152 62.05 

Total 455 100.0 245 100.0 

Udder 

No dirt or minor splashing. 
other than on teats 

160 35.16 142 57.95 
χ

2
 = 

33.73183 
DF = 3 

p < 0.001 

Distinct plaques of dirt on 
udder or any dirt around 
the teats 

295 64.84 103 42.05 

Total 455 100.0 245 100.0 

 
The bedding material had no significant effect (p>0.05) on the cow 

lameness (Table 4), a higher percentage of cows being not lame, 85% in straw 
bedding and 86% in sawdust bedding. 

 
Table 4 

Influence of the bedding material on the cows’ lameness 

Measure Description 
Straw Sawdust 

Significance 
n % n % 

Lameness 

Not lame 385 84.61 210 85.71 
χ

2
 = 0.336799 

DF = 4 
p =0.99 

Lame 68 14.94 34 13.87 

Severely lame 1 0.25 1 0.42 

Total 455 100.0 245 100.0 

 

There was no significant influence (p>0.05) of the bedding material on the 
nasal, ocular or vulvar discharges. Cows bedded on straw had significantly less 
hairless patches on tarsus than cows bedded on sawdust (71.6% vs. 80.4%, 
p<0.05, Table 5). 
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Table 5 
Influence of the bedding material on the cows’ integument alterations 

(percentage of all animals) 

Measure Description 
Straw (n=13) Sawdust (n=7) Difference 

and 
Significance X±SEM Min Max X±SEM Min Max 

Hairless 
patches 

On tarsus 71.6±2.45 54 82 80.4±2.60 74 91 -8.8* 

On hindquarter 27.9±3.51 5 48 16.7±5.11 2 45 11.2 

On 
neck/shoulder/back 

9.23±2.85 0 31 11.8±7.38 0 45 -2.57 

On 
flank/side/udder 

9.01±3.03 0 31 7.34±3.17 0 22 1.67 

On carpus 54.7±6.69 5 88 53.0±7.65 28 85 1.7 

Lesions 

On tarsus 24.1±3.59 5 48 29.3±3.62 17 40 -5.2 

On hindquarter 7.91±1.52 0 17 7.34±2.05 0 14 0.57 

On 
neck/shoulder/back 

1.53±0.69 0 5 1.63±0.84 0 5 -0.1 

On 
flank/side/udder 

1.53±0.61 0 5 2.04±1.02 0 5 -0.51 

On carpus 6.59±1.78 0 22 9.38±3.39 0 22 -2.79 

Swellings 

On tarsus 27,4±4,51 5 51 26,9±4,82 8 45 0,5
 

On hindquarter 2,19±0,86 0 8 1,22±0,57 0 2 0,97
 

On 
neck/shoulder/back 

1,97±1,09 0 14 1,22±0,84 0 5 0,75
 

On 
flank/side/udder 

1,09±0,40 0 2 0,40±0,40 0 2 0,69
 

On carpus 22,8±4,78 0 51 21,2±6,10 2 48 1,6
 

 
The majority of cows remained calm and stayed when it was approached 

by the evaluator (81.56% when straw was used as bedding and 82.03% when 
sawdust was used), either allowing or not to be touched (Table 6). No significant 
differences between the two types of bedding material were observed (p>0.05). 

Table 6 
 Influence of the bedding material on the human-animal relationship 

Measure Description 
Free stalls Tied stalls 

Significance 
n % n % 

Avoidance 
distance 

Cow stands and can be 
touched 

277 60.87 142 57.95 

χ
2
 = 2.615602 

DF = 6 
p =0.98 

Cow stands but cannot be 
touched 

94 20.69 59 24.08 

Cow stands but steps back 
when the evaluator try to touch 
her 

60 13.18 27 11.05 

Cow steps back before the 
evaluator stops 

10 2.19 6 2.44 

Cow avoids the evaluator from 
the beginning 

14 3.07 11 4.48 

Total 455 100.0 245 100.0 
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At farm level, Figure 1 presents 
the differences between the two housing 
systems regarding the descriptors of the 
qualitative behaviour assessment in dairy 
cows. The bedding material had no 
influence on the overall qualitative behaviour 
assessment score (19.26 in straw bedding 
vs. 18.87 in sawdust bedding, p>0.05), 
although cows housed on straw were more 
relaxed, calmer, more indifferent and more 
bored and apathetic compared to cows 
housed on sawdust that were more agitated, 
frustrated, playful and lively. 

Taking into account the welfare 
criteria defined by the Welfare Quality 
project (Table 7), there were very small 
differences between the two types of 
bedding materials used in farms for dairy 
cows, and neither one criterion was 
significantly different according to this factor 

(p<0.05). 
Table 7 

 Influence of the bedding material on welfare criteria at the farm level 

Welfare criterion 

Straw (n=13) Sawdust (n=7)  Diffe
renc

e 
and 
signi
fican
ce 

X±SEM Min Max X±SEM Min Max 

Absence of prolonged hunger 27,2±3,10 12 49 33,2±5,23 16 49 -6
ns 

Absence of prolonged thirst 100±0,00 100 100 100±0,00 100 100 -
 

Comfort around resting 36,9±0,76 28 40 37,8±1,77 28 43 
-

0,9
ns 

Ease of movement 64,4±9,49 34 100 71,7±13,3 34 100 
-

7,3
ns 

Absence of injuries 53,0±3,81 26 78 51,4±4,17 31 63 1,6
ns 

Absence of disease 70,9±4,86 40 100 74,7±6,52 64 100 
-

3,8
ns 

Absence of pain induced by 
management practices 

75,0±0,00 75 75 75,0±0,00 75 75 -
 

Expression of social 
behaviours 

92,6±0,85 85 95 91,5±3,55 70 95 1,1
ns 

Expression of other behaviours 65,2±1,74 54 73 64,6±2,04 54 73 0,6
ns 

Good human-animal 
relationship 

65,3±3,28 40 81 61,7±2,44 56 73 3,6
ns 

Positive emotional state 25,4±2,32 8 38 26,7±3,68 15 44 
-

1,3
ns 

Active
Relaxed
Fearful
Agitated
Calm
Content
Indiffere…
Frustrated
Friendly
Bored
Playful
Positivel…
Lively
Inquisitive
Irritable
Uneasy
Sociable
Apathetic
Happy
Distressed

Sawdust        Straw
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Comparing the two types of bedding material used on the farms for the four 
principles describing the dairy cows welfare presented in Table 8, results that for 
each principle the score was very close and did not reached the significance level 
(p>0.05). 

Overall, the cow welfare of the visited farms were categorised as being either 
enhanced or acceptable. The overall dairy cows‘ welfare was found to be 
acceptable in 9 farms (69.2%) and enhanced in 4 farms (30.8%) where the bedding 
used was straw, while in the farms where sawdust was used as a bedding material 
the overall animal welfare was enhanced in 5 farms (71.4%) and acceptable in 2 
farms (28.6%). This difference was found to be statistically significant (p<0.05). 

 
Table 8 

Influence of the housing system on welfare principles at the farm level 

Welfare principle 
Straw (n=13) Sawdust (n=7)  Difference and 

significance X±SEM Min Max X±SEM Min Max 

Good feeding 46,8±2,26 35 63 51,2±3,81 38 63 -4,4
ns

 

Good housing  46,5±3,49 35 60 49,5±4,81 35 62 -3
 

Good health 57,2±3,09 36 73 58,0±3,62 40 72 -0,8
ns 

Appropriate 
behaviour 

43,2±1,75 27 50 43,7±2,39 37 56 -0,5
ns 

 
Table 9 

Influence of the bedding material on the overall dairy cows welfare at farm 
level 

Item 
Acceptable Enhanced 

Significance 
n % n % 

Bedding 
material 

Straw 9 69,2 4 30,8 χ
2
 = 3.039183 

DF = 3 
p =0.038 

Sawdust 2 28,6 5 71,4 

 
 

Conclusions 
 

When housed in farms where straw was used as bedding dairy cows had 
cleaner flanks/upper hind legs/tails and udders. The percentage of cows with 
hairless patches on tarsus was higher in straw bedded farms than in sawdust. 
Overall cow welfare in visited farms was either enhanced or acceptable, with more 
farms classified as enhanced where sawdust was used and more farms classified 
as acceptable where straw was used as bedding material. 
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Summary 
 

Infectious bursal disease (IBD) is one of the poultry diseases associated with 
significant economic losses, and the only way to fight against this disease is specific 
prophylaxis. Given the fact that most vaccines against IBD, more or less attenuated, are 
associated with different degrees of immunosuppression and post-vaccination antibody 
titers, this study aims to characterize the effects of three vaccines currently used in the 
prophylaxis of IBD - two produced in our country (based on attenuated strains of the IBD 
virus), and one imported, which contain an intermediate strain of the IBD virus. The 
assessment aimed to determine the titers of post-vaccination antibodies and the score of the 
lesions induced by vaccine strains in bursa of Fabricius. Our study demonstrate that 
administration of the two attenuate vaccines are associated with moderate bursal lesions 
and good post-vaccination antibody levels, but intermediate vaccine causes irreversible 
bursal atrophy, even if its immunogenic effect is superior.  

Key words: infectious bursal disease, vaccination, attenuated and intermediate 

vaccines, bursa of Fabricius lesions 

 
Infectious bursal disease (IBD) is a disease with significant impact on 

poultry production (11) and has particular significance because it develops in the 
majority of countries where intensive poultry farming is practiced (12). The annual 
economic losses caused by this disease is associated especially with significant 
morbidity and high mortality, which is dependent on the virulence of the virus strain, 
age and breed of birds , and the presence or absence of passive and active 
immunity (11). 

Due to infectius bursal disease virus (IBDV) resistance in the environment, 
to common disinfectants (2, 12) and its persistence in the insects (5, 12), general 
preventive measures are insufficient, which is why specific prophylaxis is required 
for this disease . 
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The aim of this study is the evaluation of immunogenic capacity of three 
live vaccines with different degrees of attenuation in the prophylaxis of avian 
infectious bursitis (the vaccine-induced antibody titers) and degree of 
immunosuppression associated with their administration (the lesions induced in 
bursa of Fabricius). 

 
Materials and methods 

 
The vaccines used and the mode of administration 
In this study were evaluated three vaccines, two produced in our country 

(based on attenuated strains of the IBDV) vaccine A and B, and one imported, 
which contain an intermediate strain of the IBDV. Vaccines were administered 
according to their prospects, in three poultry houses, each with about 20,000 
hybrids Cobb 500 aged 11 days. Each poultry house was considered and 
experimental group. 

Vaccine A - lyophilized live vaccine containing an attenuated strain of 
IBDV. Vaccine was reconstituted with cool tap water and after that 1000 doses of 
vaccine were dilluted in 20 l of tap water with 100 grams of skim milk powder. 
Administration was performed in drinking water, each bird receiving a dose of 20 ml 
of dilluted vaccine. 

Vaccine B - lyophilized live vaccine containing a very attenuated strain of 
IBDV. Administration was performed also in drinking water, similar to vaccine A. 

Vaccine C - lyophilized live vaccine containing an intermediate strain of the 
IBDV. Vaccine was reconstituted with cool tap water and after that 1000 doses of 
vaccine were dilluted in 10 l of tap water with 50 grams of skim milk powder. 
Administration was performed in drinking water, each bird receiving a dose of 10 ml 
of dilluted vaccine. 

Assessment of anti-IBDV antibody titers. The research covered both the 
maternal and vaccine-induced antibody levels. For this purpose, 20 
birds/experimental group were isolated and identified through a ring placed around 
the metatarsus. The biological samples (blood) were collected on the day of 
vaccination, and 7, 14, 21 and 28 days post-immunization (at the age of 18, 25, 32 
and 39 days of birds). 

The maternal anti-IBDV and the post-vaccination antibodies were 
determined by ELISA, using Infectious Bursal Disease Antibody Test Kit (IDEXX 
Laboratories, Inc., Holland) according to the producer protocol. 

Histopathologic examination of bursa of Fabricius. The effects of the 
three vaccines on the birds‘ general immune response were assessed also by the 
lesions induced in bursa of Fabricius. 

For this purpose, the lymphoid organs were collected from five birds / 
group on days 7, 14, 21 and 28 after the administration of the vaccines, and were 
fixed in 80° ethanol for one week. After washing, drying and inclusion in paraffin 
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wax, lymphoid organs have been cut off using a microtome. The resulting sections 
were stained using Hematoxylin-Eosin (H&E) method, in standard technique (10). 

Histological preparations were examined assessing the normal and 
pathological morphological aspects. The severity of histopathologic changes, 
respectively the level of lymphocyte depletion, was expressed using bursal lesion 
scores (BLS), whose values are between 0 and 4 (9): 0 - absence of lesions; 1: 
<25% lymphocyte depletion in bursas; 2: 25-50% lymphocyte depletion in bursas; 
3: 50-75% lymphocyte depletion in bursas; 4: >75% lymphocyte depletion in 
bursas. 

Data processing and statistical analysis. The data obtained were 
processed using Excel (Microsoft Office Profesional 2007, SUA), which was used for 
the generation of the graphics. Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS, version 21, Chicago, IL, USA). Differences of 
the mean of various categories were analyzed using one-way ANOVA test. 
Differences were considered significant when P values were less than 0.05. 

 
Results and discussions 

 
Vaccination is currently the only method to fight infectious bursal disease 

(IBD) that offers encouraging results (159, 302), so that the immunogenicity and 
safety of vaccines against IBD is a major concern. At present, there are used a 
wide variety of attenuated intermediate, and "hot" vaccines, being aware both that 
the attenuated vaccines does not protect against very virulent strains of IBDV and 
the less attenuated vaccines can induce irreversible damage in the bursa of 
Fabricius, with impaired immune response to other infectious diseases, despite the 
fact that the immune response to IBDV is appropriate (8, 9, 11, 12). 

Comparing the results of the vaccines tested (fig. 1), it was found that all 
three induced a similar dynamic of anti-IBDV antibodies: significant reduction until 
the seventh day post-vaccination (titers of 181.8, 229.4, and 138.7) and constant 
growth until day 28 (when they reach values ˃ 3000). Vaccine C (intermediate) 
induced the most significant decrease in the level of maternal antibodies in the 
seventh day post-vaccination (9.09 times lower than the level in the day of 
vaccination). In 14th and 21th day, the levels of anti-IBDV antibodies induced by 
administration of the vaccine B and C were similar (P ˃ 0.05), but at the same time 
significant higher than those associated with immunization with the vaccine A (P < 
0.001); in day 28 post-immunization, vaccine C, followed by the vaccine A, was 
associated with the highest values of the post-vaccination antibodies. All these 
post-vaccine values are considered, according to ELISA kit manufacturer at a level 
which provides protection against avian IBDV infection. 

In vaccine A case, our results are similar to other reports about the 
immunoprophylactic effects of the vaccine Biavac (Pasteur Institute, Bucharest), 
comprising an attenuated strain of IBDV (3), or other attenuate vaccine strains (4). 

 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 

 

 174 
 

 

 
Fig. 1. Comparative representation of maternal and post-vaccination antibody titers 

in Cobb 500 hybrids vaccinated with vaccines A, B, and C against IBDV 
 
According to the calculated coefficients of variability, vaccine C induces the 

most homogeneous antibody titers (CV of 6.46 to 8.67% vs. 7.88-11.01% for 
vaccine A and vs. 6.13-10.49% for vaccine B). 

Histopathological changes induced by attenuated strain of the vaccine A 
were obvious on the 7th post-vaccination day, when one of about 20 follicles of the 
five organs investigated showed perifollicular hemorrhagic infiltration (fig. 2A). 
Lymphocyte depletion was observed mainly in the medulla and bursal lesion scores 
(BLS) varied between 1 and 2 (average - 1.6). 

At 14 days after vaccination, bursal lesions are more pronounced (BLS = 
2.2, range between 2 and 3). Lymphocyte depletion is more obvious in follicular 
medulla, and in the cortex of some follicles, also affected by the lymphocyte 
depletion, small regions of vacuolation were occasionally observed (fig. 2B). No 
hemorrhagic infiltration was detected, which demonstrates overcome of the acute 
phase. The epithelium was mostly preserved upright and had uniform thickness 
and, in some bursal are, mononuclear and polymorphonuclear perifollicular 
infiltration were observed. 

Lymphocyte depletion recorded on day 21 after the administration of 
vaccine A is comparable to that shown on day 14 (average BLS = 2.8, range 
between 2 and 3) in most of examined follicles (fig. 2C). However, a part of the 
peripheral follicles are almost intact but infiltrated with mononuclear cells. This can 
be explained by the fact that the bursal lesions are not induced synchronous. 

At 28 days after vaccination, we observed atrophic lesions in bursa of 
Fabricius (fig. 2D). Bursal follicles were smaller and their medulla appears as a 
narrow strip. The cell density is higher in cortex, which could be attributed to the 
proliferation of cell clones activated by contact with vaccine strain. 
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A – 7

th
 day post-vaccination 

a – perifollicular and intramedular 
hemorrhagic infiltration; b – minor 

lymphocyte depletion in follicular medulla 
(score 2); c – intact epithelium 

B – 14
th

 day post-vaccination 
a – vacuolization in follicular cortex; b – 

lymphocyte depletion in follicular medulla 
(score 3); c – intact epithelium 

  
C – 21

th
 day post-vaccination 

a – intraepithelial vacuolization; b – 
lymphocyte depletion in follicular medulla; c 
– lymphocyte depletion in follicular cortex 

(score 3) 

D – 28
th

 day post-vaccination 
 

lymphocyte depletion in follicular cortex and 
medulla (score 3-4) 

Fig. 2. Bursa of Fabricius histological appearance after vaccination with vaccine A. 
H&E stain, 400x  

 
The sequence of histopathologic changes induced by the vaccine B is 

somewhat similar to that described in vaccine A, but the lesions are less severe. 
Thus, on the 7th day post-vaccination, we recorded minor injuries (fig. 3A), reduced 
lymphocyte depletion (average BLS =1) and rare perifollicular hemorrhagic foci; the 
epithelium was intact. 

From day 14, the lesions become more apparent, and follicular epithelial 
lesions appear in two of the assessed birds: lymphocytic depletion between 25 and 
50% (BLS = 2), vacuolation over the entire surface of the epithelium (fig. 2B) and 
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perifollicular mononuclear cell infiltration. For the other three birds, we registered a 
BLS of 1, and epithelial vacuolations were observed only in small areas.  

At 21th (fig. 3C) and 28th day (fig. 3D) after vaccination similar lesions 
were found: lymphocyte depletion rate of about 50% (BLS range between 2 and 3) 
and small areas of epithelial vacuolation and flattening. 

 

  
A – 7

th
 day post-vaccination 

a – intact epithelium; b – minor lymphocyte 
depletion in follicular medulla (score 1) 

B – 14
th

 day post-vaccination 
a – vacuolar degeneration in epithelium; b – 
lymphocyte depletion especially in follicular 

medula (score 2-3) 

  
C – 21

th
 day post-vaccination 

lymphocyte depletion especially in the 
medulla (score 3) 

D – 28
th

 day post-vaccination 
a – vacuolar degeneration in epithelium; b – 
follicular lymphocyte depletion (score 3-4) 

 

Fig. 3. Bursa of Fabricius histological appearance after vaccination with vaccine B. 
H&E stain, 400x  

 
The first two weeks after administration of vaccine C were characterized 

by relatively severe injuries of the bursa (fig. 4A and 4B), among which we can 
mention as important: subepithelial, perifollicular and intrafollicular hemorrhagic 
infiltration on most surface sections; lymphocytic depletion especially in follicular 
medulla; epithelial vacuolation. 

From day 21, bursal atrophic lesions were recorded (fig. 4C): lymphocyte 
depletion reach levels of 50-75% (average BLS = 3), degenerated epithelium tends 
to flatten in the areas unaffected by vacuolar degeneration, and perifollicular 
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connective tissue tends to increase. On day 28 after vaccination we observed more 
severe changes (fig. 4D): significant follicular atrophy (average BLS=3.8), 
vacuolation in follicular cortex, fibrosis and obvious flattening of the bursal 
epithelium. At least at this point, we believe that these injuries are irreversible, 
especially since the mononuclear cell infiltration persists and this time after 
vaccination. 

 

  
A – 7

th
 day post-vaccination 

a – peri- and intrafollicular hemorrhagic 
infiltration; b – apparent lymphocyte 

depletion in follicular medulla (score 3) 

B – 14
th

 day post-vaccination 
a – vacuolar degeneration in epithelium; b – 

lymphocyte depletion in follicular medulla 
(score 3) 

  
C – 21

th
 day post-vaccination 

a – vacuolar degeneration in epithelium; b – 
lymphocyte depletion in cortex and medulla 

(score 4); c – hyperplasia of perifollicular 
connective tissue 

 

D – 28
th

 day post-vaccination 
marked follicular atrophy (score 4) with the 

disappearance of demarcation between 
cortex and medulla and fibrosis tendency 

Fig. 4. Bursa of Fabricius histological appearance after vaccination with vaccine C. 
H&E stain, 400x  

 
Similar histopathological changes were described by Savić et al. (7) during 

the first four weeks after administration of an intermediate IBDV strain - VMG 91 – 
to 12 days old Ross hybrids. Also, Castro et al. (1), testing the immunosuppressive 
effects of an intermediate IBDV strain in specific pathogen-free birds were 
obtained, at 21th day after vaccination, an average bursal lesion score of 4. 
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Rus et al. (6), assessing the immunoprophylactic effect of a mesogenic 
IBDV strain, registered follicular atrophy and fibrosis found in bursa of Fabricius 
starting from the 14th day after immunization. 

Vaccine B was associated with the most reduced changes (average BLS of 
2.4 at 28 days after vaccination). Vaccine C induced severe follicular atrophy 
(average BLS of 3.8 at 28 days post-vaccination). In comparison with the two 
attenuated vaccines (A and B), intermediate vaccine (C) induced significantly more 
severe bursal lesions (P<0.05), which obviously affects on long-term the humoral 
immune response to other infectious agents (Table 1). 

 
Table 1 

Bursal lesion score induced by vaccination with assessed vaccines 
Assessment 

moment 

Vaccine A Vaccine B Vaccine C 

X Limits X Limits X Limits 

7
th

 day p.v. 1.6 1-2 1 1 2 2 

14
th

 day p.v. 2.2 2-3 1.4 1-2 2.4 2-3 

21
th

 day p.v. 2.8 2-3 2.2 2-3 3 3 

28
th

 day p.v. 3.2 3-4 2.4 2-3 3.8 3-4 

Legend: X = average; p.v. = post-vaccination 

 
Conclusions  

 
Post-vaccination antibody titers induced by vaccines A, B and C showed 

differences, sometimes significant, during the monitoring period, the most constant 
evolution being observed in group immunized with vaccine C. 

Starting with 7-14 days after vaccination, during experimental period which 
correspond to the maximum susceptibility to IBDV infection, vaccines tested 
induced antibody titers which ensure an adequate level of protection. 

Intermediate vaccine strain (vaccine C) causes the most significant 
pathological changes in bursa of Fabricius, who‘s BLS suggests an irreversible 
character. Given the bursal lesions gravity, we recommend a single administration 
of vaccine C in production.  

Because adequate antibody titers induced and reversible nature of bursal 
lesions, we recommend administration of vaccines A and B in production condition, 
but not in the areas where very virulent IBDV strains evolve. 
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Summary  

 
Infectious bursal disease (IBD) is a disease with significant impact on poultry 

production. Economic losses associated with this disease are caused by mortality and 
morbidity, especially by post-infection immunosupression. Because the infection and also 
the immunoprophylactic measures in infectious bursal disease are associated with varying 
degrees of immunosuppression, a series of studies are dedicated to the attenuation of this 
negative effect. The majority of measures applied to attenuate infectious bursal disease virus 
(IBDV) effects concern the administration of the immunomodulator products. This paper 
represents a review of the most important microbial, animal, vegetal, mineral etc. 
immunomodulators used for rehabilitation of cellular and humoral defense mechanisms of 
the birds infected with IBDV or vaccinated against IBDV.  

Key words: immunomodulators, infectious bursal disease (IBD), infectious bursal 

disease virus (IBDV), vaccination, chickens 

 
Immunomodulators are natural or synthetic products that exert a regulatory 

effect (stimulating or suppressing effect) on mechanisms of innate and / or adaptive 
immune response (21). 

However, the immunomodulator term is given usually only to products that 
have an influence on nonspecific defense mechanisms of the body, thus making 
differentiation to antigens, which leaves an precise/ specific imprint to the immune 
system and the immune response (4). 

The concept of non-specific manipulation of the immune response has its 
roots in some empirical observations about the beneficial effect that a number of 
organic or inorganic compounds of various origins would have on defense and 
healing capacity of the body (4). Immunomodulators differ in terms of origin, mode of 
action and applicability. Unlike adjuvants, immunomodulatory products should not be 
administered together with an antigen to influence the immune response (21). 

In this paper will be presented the immunomodulators with stimulatory 
effect on specific and non-specific immunity. These agents have their practical 
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applicability especially in supporting the immune system to fight viral diseases, 
taking into account the particular situation of immunosuppressive diseases such as 
infectious bursal disease (IBD). The evolution of IBD, and vaccination against this 
disease is accompanied with various degrees of immunosuppression, a 
phenomenon that has a significant negative economic impact, especially in 
intensive growing systems. Thus, the use of immunomodulators to rapid 
rehabilitation of cellular and humoral defense mechanisms of the birds is more than 
appropriate. 

 
Immunomodulators of microbial origin 
Currently, in practice, there are known and used a wide variety of bacteria, 

yeast, fungi or fractions of them. In the case of bacteria, the stimulation mechanism 
involves, most likely, the association of their epitopes to one or more Toll-like 
receptors (TLR), activation of macrophages and dendritic cells and cytokine 
synthesis (21). 

Subodh and Mallick, quoted by Vior et al. (22) were shown, after 
inoculation in the birds, the boosting effect of the some products of 
Mycobacterium phlei and muramyl dipeptide (MDP) extracted from 
mycobacteria - amplification of the cell and antibodies mediated immune response. 

Another bacterium, Propionibacterium acnes stimulates mainly 
macrophage activation and phagocytosis, antibody-dependent cell-mediated 
cytotoxicity, NK cells activity and the alternative pathway of complement activation 
(21). In addition to these effects, Swiecicka-Grabowska et al. (18) showed 
increased serum lysozyme concentration and neutralizing antibodies level after a 
single subcutaneous inoculation subsequent vaccination against infectious bursal 
disease and Newcastle disease. 

Probiotics, based on individual or mixed cultures of Propionibacterium 
acnes, P. granulosum, P. avidum, Lactobacillus acidophilus, L. johnsonii, L. casei, 
L. gasseri, L. fermentum, L. reuteri, L. plantarum, Enterococcus faecium, 
Bifidobacterium longum, Escherichia coli, plus some species of the Candida and 
Saccharomyces genera, are products with multiple effects and actions, including 
improved production parameters and potentiation of the immune mechanisms (22). 

Effect of different probiotics on the immune response after vaccination 
against main virus diseases of birds has been studied by several researchers. 
Talebi et al. (20) have obtained an improvement of the growth parameters in 
vaccinated broilers using a probiotic based on Lactobacillus acidophilus, 
Lactobacillus casei, Enterococcus faecium and Bifidobacterium bifidium, as well as 
an improvement of the humoral immune response after vaccination against 
Newcastle disease and IBD. Similar performance were obtained by Naseem et al. 
(14) with a Lactobacillus spp., Bifidobacterium spp., Streptococcus salivarius, 
Enterococcus faecium, Aspergillus oryza and Candida pintolopessii based probiotic 
and antibody titer on day 35 after vaccination against IBD was characterized by 
high levels comparing of those recorded in control group, untreated with probiotic. 
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Regarding the immunostimulatory action of some viruses, it has been 
demonstrated since 1978, with the terms of "para-immunity" and "para-
immunization" (in german – prämunität and prämunisierung) by Mayr (11). The 
author has studied the immunomodulatory effect of several bacterial species and 
strains of attenuated or inactivated viruses of the genera Avipoxvirus and 
Parapoxvirus. These products were generically called ―Pind‖ (―Pind-Avi‖ for 
avipoxviruses and ―Pind-Orf‖ for parapoxvirusuri) and have positive effects on the 
NK cells and phagocytes activity, stimulating also the synthesis of cytokines and 
enhancing antibody immune response (11). 

These properties led to the conception, using genetic recombination, of a 
series of vaccines for IBD, of which it may be recalled the vaccine based on an 
avipoxvirus attenuated by 50 passages on embryonated eggs, in which the 
sequence responsible for the synthesis of IBDV VP2 protein is integrated in the 
genome (6). 

 
Immunomodulators of animal origin 
Thymus extract and some of its components have immunomodulatory 

effects, explained by its important role in the immune system and the possibility of 
substituting some of its functions using products derived from this primary lymphoid 
organ. Intervention of thymic factors is crucial for T-cell maturation, but also to 
achieve cell-mediated immunity (22). 

Thymus extract administration in one day old chicks, followed by 
vaccination with an attenuated strain of IBDV protected against experimental 
infection with a virulent strain of IBDV. Also, thymus extract increased the total 
number of lymphocytes in peripheral blood and specific antibody titer 
aftervaccination, preventing the decrease in relative weight of the bursa of 
Fabricius and spleen after vaccination (1). 

Interferons (IFNs) are represented by a group of heterogeneous 
glycoproteins with small molecular weight, developed by a number of body cells, 
known by their antiviral and antitumor effects. Also, IFNs significantly affect some 
essential immune functions, including phagocytosis, bactericidy, cytotoxicity and 
antibodies synthesis, and the synthesis of enzymes and molecular structures on 
the surface of cells. The antiviral protection of cells is the result of interaction 
between IFNs and the IFNs receptors (22). 

Availability of pure interleukins (ILs) and the possibility to induce their 
synthesis using different carriers, as genetically modified microorganisms 
(microorganisms or plasmids, obtained by recombinant DNA technology, containing 
genetic information for these interleukins) made a number of researchers to focus 
their attention on their usefulness to potentiate the antiviral immune response 
aftervaccination. Thus, Yu et al. (23) obtained a higher immunogenic effect with a 
vaccine against IBD obtained by genetic engineering administered simultaneously 
with avian IL-2, namely a higher proliferative response of T and B cells and 
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significantly higher titer of specific antibodies than in control group (vaccinated 
only). 

Also, Li et al. (8) showed the IL-18 effects in immunization of 14 days old 
SPF birds with two plasmids, one containing the gene responsible for the synthesis 
of IBDV polyprotein VP234 and IL-18, and the other one encoding strictly the 
polyprotein. Following experimental infection with a virulent strain of IBDV, the 
researchers found that immunization with first plasmid (encoding both VP234 and 
IL-18) provided adequate protection to 93% of birds, but vaccination with the 
second plasmid provided protection only to 63% of birds. Also, the first group of 
birds showed significantly higher levels of anti IBDV specific antibodies, and higher 
serum concentrations of IL-4 and IFN-γ (8). 

Tuftsin, a tetrapeptide extracted from leucokinin, stimulates the phagocytic 
and cytotoxic function, thus improving the resistance to microbial infections and 
against experimental tumors (308). Saravanaba et al., quoted by Vior et al. (22) 
found that tuftsin has an enhancer and restorative effect on the suppresed immune 
system of birds after infection with IBDV. 

 
Immunomodulators of vegetal origin 
For thousands of years, traditional medicine use natural remedies for 

various diseases and to stimulate each defense mechanism of the organisms, plant 
kingdom being an inexhaustible source of drugs and dietary supplements. Some 
herbs or products based on association of herbs have immunostimulatory effects, 
being successfully used to improve the immune response after vaccination against 
IBDV or after evolution of IBD. 

For example, Echinacea purpurea extract at doses of 0.5 g and 1 g/bird in 
a week-old broilers had the following effects after vaccination against IBDV: higher 
specific antibody titers compared to the levels determined in the control group (only 
vaccine) and group treated with 0.1 g of extract/bird; higher serum level of IL-2 as 
compared with the same groups; higher serum TNF-α in the group who received 
the extract at a dose of 0.5 g/bird; control group and the group who received the 
lowest dose of the extract (0.1 g/bird) showed similar values for all parameters 
monitored (9). 

Effects of the same type, but with higher levels of specific antibodies, IL-2 
and TNF-α were obtained by the combination of extracts of Echinacea purpurea 
and Astragalus at doses of 5 g + 60 mg and 10 g + 120 mg (10). 

Shang et al. (16), administering an extract of Hypericum perforatum 0.3% 
in low -dose (333 mg/g bw), medium dose (667 mg/kg bw) and high dose (1330 
mg/kg bw) in broilers experimentally infected with BC-6/85 strain of IBDV, found the 
following: the disappearance of IBDV in bursa of Fabricius of birds treated with 
medium and high doses from the tenth day after infection; better values of the 
bursl, thymic and splenic indexes (calculated by dividing the organ weight to body 
weight of birds) in chickens treated with medium and high doses of the extract; the 
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maximum concentration in serum IFN-γ in the group treated with high dose of the 
extract. 

Hung et al. (7) showed the immunostimulatory effect of the Gynco-San, a 
product which is used by traditional Chinese medicine for the treatment of lung 
diseases. This preparation is a complex of ten plants, Lonicera japonica, Forsythia 
suspensa, Mentha haplocalyx, Schizonepeta tenuifolia, Glycine max, Glycyrrhiza 
uralensis, Platycodon grandiflorum, Lophatherum gracile, Arctium lappa and 
Phragmites communis in the following proportions 10:10:4:4:5:5:6:5:6:10 and was 
administered to broilers, at doses of 0.5%, 1% and 2% of the daily diet from day 
one of life; vaccination against IBDV was carried out at age seven, and 21 days. 
The low dose of Gynco-San (0.5% of diet) induced a higher specific antibody titers 
in compatition with control group (birds strictly vaccinated), and higher doses (1 
and 2% of diet) had positive effects on serum IL-2 and IFN-γ, promoting also Th1 
cells proliferation (7). 

 
Vitamins and minerals 
Vitamin E is involved in potentiation of several immune mechanisms; its 

action is largely correlated with the selenium. It is a powerful biological antioxidant, 
preventing lipid hydroperoxids formation and inhibiting the biosynthesis of 
prostaglandins (22). 

Ruiz-Feria et al. (15) demonstrated that treatment with 80 mg of vitamin 
E/kg feed in broilers, from the first day of life, stimulates antibody mediated 
immunity after administration of an attenuated vaccine against IBDV at age of 20 
days. The titer of the specific antibodies induced after vaccination was higher both 
than in the group treated with 40 mg vitamin E/kg feed and the group treated with 
200 mg of vitamin E/kg feed (15). 

Also, feed supplementation with 178 IU vitamin E/kg in broilers with 
subclinical IBD led to an average net income 10% better (P < 0.05) than groups 
with subclinical IBD and fed a normal vitamin E-containing diet (12). 

Experimentally IBDV-infected birds whose diet was supplemented with 
vitamin E had a bursal index (bursal weight / body weight) higher than in untreated 
group, and also lesser damage in bursa of Fabricius and Harderian gland (13). 

Vitamin C contributes to the development of defense mechanisms of the 
mucosa and epithelium; it is involved in the phagocytic mechanisms. In general, 
serum complement and antibodies levels induced after vaccination are closely 
correlated with the intake of vitamin C (22). 

Administration of Vitamin C (500 mg/kg feed) in broiler derived from 
vaccinated parent and experimentally infected with a virulent strain of IBDV at the 
age of 14 days, resulted in 13.3% reduction of mortality compared to the rate of 
33.3% in group infected but untreated. Also, intake of vitamin C protect the bursa of 
Fabricius in treated broilers, causing only moderate damages, and also yield higher 
values in terms of average daily gain and serum total protein, serum albumin, 
serum globulin and T3 hormone (5). 
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Regarding the immune response after vaccination against IBDV, Amakye-
Anim et al. (2) achieved higher titers of specific antibodies in broilers treated with 
1000 ppm Vitamin C. Also, vitamin supplement protected bursa of Fabricius against 
damage induced by vaccine strain; treated birds were characterized also by 
zootechnical parameters higher to those registered in the control group (2). 

Regarding immunostimulatory products containing minerals, the selenium 
compounds are the most frequently mentioned, given the definite involvement of 
this element in a number of vital processes including immunological mechanisms. 
In addition to these products, copper and zinc supplements are most used (22). 

Thus, in our country, Șofei and Bucur (19) have obtained a better immune 
response after vaccination against IBDV by administration of selenium, copper 
and/or zinc salts in broilers. Bursa of Fabricius in chickens vaccinated and treated 
with mineral supplement showed lymphocytic hyperplasia and infiltration with 
macrophages and plasma cells in higher levels than in chickens vaccinated and 
untreated with supplement (19). 

Similar results were obtained by Arshad et al. (3) following the vaccination 
with an IBDV intermediate strain (D-78) in broilers treated with selenium 
supplement at dose of 0.06 mg/kg feed. 

 
Drugs with immunostimulatory effect 
Levamisole, in addition to antiparasitic action, has similar effects as 

thymopoietin (thymic hormone): stimulates the differentiation of T lymphocytes and 
the response of these cells to antigens; accelerates blastogenesis in the presence 
of suboptimal concentrations of mitogen; stimulates the production of interferons 
and limfockine and phagocytic activity of macrophages and neutrophils (21). 

Singh and Dhawedkar (17) demonstrated the immunomodulatory effect of 
levamisole in White Leghorn chickens, experimentally infected with the Poona 
strain of IBDV, at the age of seven days. Levamisole was inoculated four times at a 
dose of 1.5 mg/100 g b.w., and the degree of post-infection immunosuppression 
was assessed against sheep erythrocytes. Researchers have observed that IBDV 
infected birds treated with levamisole developed anti-erythrocyte antibody titers 
higher than those observed in control group, untreated (17). 
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Summary 

 
One of the most debated issues over the time, both in food industry and veterinary 

medicine, was the quality control of milk. Some European nations have managed to create 
hundreds of varieties of cheeses, very well appreciated for their qualities and very well sold 
all over the world. These is not only the result of creative ingenuity of their people, but 
especially the result of the fact that they always are prepared with a raw milk of the highest 
hygienic quality(1). From the chemical point of view, was easier to put the quality control of 
milk into some limits, because was possible to appeal to the specific methods of 
biochemistry, but from the sanitary point of view, things appear to be more complicated. It is 
well known that both clinical- and subclinical mastitis cause very important economic 
damage, but especially the hindmost are important because they are much more numerous 
then clinical ones and, being clinical unapparent, they are often neglected or even 
completely ignored. A milk of best quality, good for consumption, is a wholesome milk (WM), 
obtained hygienically only from perfectly healthy mammary quarters (MQ). Such milk has the 
following characteristics, organoleptic noticeable: white color or slightly yellowish-white, 
perfectly homogeneity, with appetizing taste and specific pleasant flavor (not smell!); 
microscopically may present a small number of somatic cells (SCC) and bacteria. To assess 
the hygienic quality of milk, in addition to biochemical tests, wich became classics and well 
known, lately are emerging new tests, especially of those wich detect the physical changes 
in milk, with electronic devices. 

Key words: hygienic quality of milk, mastitis, portable milk tester, SCC. 

 
Some terminological specifications 
First of all, in order to avoid confusions in professional practice, in official 

documents as in the literature, it is necessary to perceive and properly define the 
following terms: normal and abnormal milk, compliant and non-compliant milk, 
healthy (or wholesome) and unhealthy milk, mastitis milk, clinical mastitis and 
subclinical mastitis. 

In the case in which a mammary quarter undergoes a severe bacterial 
infection, this one most often causes an inflammation of the mammary 
parenchyma, of exudative-purulent type. By mixing this purulent exudate in the milk 
of the affected compartment follows what is called mastitis (or mastitic) milk 
(MM).  



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLVII(2), 2014, TIMIŞOARA 
 

 189 
 

What we must know is that the occurrence of some mastitis in any herd of 
dairy cows, sooner or later, is inevitable. The question which must concern us is: 
how frequent, how many and how serious they are, how they occur and what kind 
of etiological nature they have. To find answers to these questions, we need to 
determine at least two of the three indicators of hygienic quality of milk: milk 
somatic cell count (SCC) and the total number of bacteria (SPC). But of these, 
SCC is the parameter which gives us the best indication of the frequency and 
severity of mastitis, because whereas bacteria in milk delivered may originate 
either from infected udder or the environment, somatic cells always come 
exclusively from mammary tissue. That is why SCC/ml was adopted worldwide as 
the main indicator of the hygienic quality of milk and the proportion of mastitis milk 
included in delivered milk (1).  

Milk from cows perfectly healthy, with perfectly healthy udder, usually 
contains between 5'000 - 50'000 SC/ml . This milk is considered normal, is white or 
yellowish-white, perfectly smooth, has appetizing taste and pleasant aroma. When 
an infection of the mammary tissue occurs, the number of SC increase to 100'000-
200'000, as a defense response, resulting in one of the following situations (10): 

-either bacteria are destroyed, followed by restitutio in integrity of 
mammary tissue and reduction of SCC to the normal, milk all the time having 
characteristic normal appearance; 

 -or the benign inflammation of mammary tissue is developing, with SCC 
increasing over 200'000/ml, but without altering the organoleptic and directly visual 
appearance of the milk, which remain normal ; the increasing of SCC is 
accompanied only by some chemical modification; in this case we are talking about 
subclinical mastitis; 

 -whether the disease process is more advanced, at the chemical changes 
in milk are added some physical changes regarding homogeneity, color and 
transmittance, but detectable only with the help of certain optical instruments; we 
proposed for them the term of subtle (fruste) mastitis (fs); yet this milk, is 
considered normal - in the sense defined by Rasmussen (2002) and adopted by 
the European Union-, because its macroscopic appearance is normal;  

 -only in case when very severe mammary tissue alterations appear can 
talk about clinical mastitis. . Clinical mastitis can be either :  

 a) with macroscopically visible inflammatory alterations of the udder 
(rubor, tumor, calor, dolor, functio laessa) and obvious physical and organoleptical 
changes regarding uniformity, color, consistency, smell, taste and flavor of the milk, 
or 

 b) alterations only in milk uniformity, color, consistency, smell, taste and 
flavor, without any visible inflammatory alterations of the udder. So, in clinical 
mastitis, at chemical and cytological changes of the milk, always obvious physical 
and organoleptic changes of the milk are added 
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Although subclinical mastitis are in fact the result of microbial infection, the 
milk produced by them can not be ruled sine ulla exceptione from public 
consumption due to at least three reasons: 

1) Such a goal would require frequent individual control of all lactating 
cows, which would mean a huge labor and material consumption, greatly raising 
the cost of production. 

2) The prevalence of subclinical mastitis is often so high that operative 
removal of all subclinical mastitis in a herd would unacceptably affect farm 
profitability. 

3) The traditional means of detecting individual subclinical mastitis can not 
be successfully applied to large herds, operated in modern intensive systems and, 
on the other hand, modern technical means of detecting mastitis online are too 
expensive and impractical for small dairy herds. 

In this situation and for these reasons has been accepted a solution of 
compromise, recommended by the International Meeting in Copenhagen on 
27.11.2002, when were launched and defined the terms of normal milk and 
abnormal milk (Rasmussen 2002) subsequently assimilated also by the European 
Commission (EC). 

According to the definition assumed by EC, normal milk (NM) is 
considered milk having normal aspect, without noticeable macroscopic changes of 
color or homogeneity, detectable with our sense organs, regardless of whether 
some chemical, bacteriological or cytological changes, characteristic for 
inflammation and detectable only by specific tests, are or are not present. 
Classification as "normal milk" is not conditioned by a certain threshold of SCC or 
SPC, and therefore this term also includes subclinical mastitis milk, regardless of 
the value of these parameters. This is why, almost everywhere in the our country, 
the detection of subclinical mastitis was abandoned, most practitioners wrongly 
interpreting that in new conditions, it does not matter anymore. In fact, without strict 
control, as it was already seen hitherto, was not possible to proceed to an 
exhaustive production of milk conform (in compliance) with EU reglementation.  

Abnormal milk (AM), most often is the result of bacterial infections of the 
mammary, in which case it is also called mastitic milk (MM). Other times are non-
infectious causes like: injuries, nutrition and colostrum. In any of these situations, 
the milk as such should be considered inedible. In clinical mastitis, the milk is 
always abnormal, and usually have much over 200,000 CS. Unlike normal milk, 
depending on the severity and evolving form of infection (acute, subacute or 
chronic), abnormal milk in mastitis is not homogeneous, contains small clots or 
floaters, can have wheyey aspect or, on the contrary, may be more consistent than 
normal milk, the color can be more or less modified (yellow-brown, reddish or 
greenish), has a repulsive smell and salty taste. Abnormal milk can and must be 
observed by the milker, at milking of samples, in order to avoid merging the 
modified milk with normal milk. To be considered abnormal and excluded from 
mixing, it is sufficient whether a milker detects the presence of small coarse or 
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floaters in jets milked for sample. Unclear cases can be elucidated even by the 
milker, using the reference test represented by a 0.1 mm mesh filter: if the milk is 
abnormal, the mesh will retain small clots. It is important to note that, in the 
meaning of terminology endorsed by the EC, both the normal and the abnormal 
milk can be easily recognized visually and labeled as such by milker, with the 
naked eye, without the need to determine the SCC, SPC or the presence of 
antibiotics. 

The economical importance of mastitis 
The economical losses due to cow mastitis are very high, because these 

disorders, especially those subclinical, are always present in all flocks, all over the 
world. Their prevalence depends on many factors but generally ranges from 5-10% 
to 50-60% of lactating cows, causing losses to farmers. plus serious losses to 
processors, without counting the risk of disease to consumers. 
 Reducing losses caused by the infectious mastitis was performed over the time, 
following two goals: 

 -Prevention, by early diagnosis and treatment of subclinical mastitis, which 
due to their much higher incidence than those clinically expressed, are much more 
damaging than the latter  

 -Correct medical diagnosis and treatment of clinical mastitis.  
Diagnosis as early as possible of subclinical mastitis seems to be the key 

of problem, since in this phase there is maximum treatment effectiveness. For this 
reason, in the last 60-70 years, in various countries worldwide, have been 
proposed a large number of diagnostic tests based on different principles, 
according with various modifications produced in mastitis milk, but the progress 
registered in the recent years for upgrading efficiently methods and techniques for 
expeditious diagnosticof mastitis in cows, unfortunatelly could be assessed only as 
modest.  

Changes in mastitis milk and diagnostic tests  
 Let's do enumerate a few categories from the most important changes, which 
indicates installing a mastitis infection, that may be determined by different tests:  
  -Increasing the somatic cell count in milk.  

-Increasing the percentage of neutrophils. 
-Increasing the pH of milk. 
-Increasing the concentration of th chloride. 
-Increasing the electrical conductivity of milk. 
 In fact, the last three categories are influenced by the same phenomenon: 

the increasing concentration of salt in mastitis milk. 
One of the latest tests performed, which determine electrical conductivity of 

milk, is based on properties acquired of electrolytic substances present in milk 
(salts, glucose) to conduct electricity between two electrodes. Conductivity, 
measured by a special device, increases in mastitis milk proportional to their 
concentration. In this test were set high expectations, because it is very fast, 
posible to run with a portable device and does not require any kind of reagents but, 
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unfortunately, has some problems regarding its specificity and sensitivity.  
At present the experience and use of spectrometry in assessing the health status of 
milk, represents a promise and a hope, but researches in this domain still are are 
not finalized (10,12). 

The number and variety of tests proposed for diagnosis of subclinical 
mastitis range very much just because none of them responds simultaneously to all 
desiderata. As a rule, each of these tests are able to detect only a single or at most 
two changes which appear in mastitis milk: the presence of microorganisms, 
increasing the total number of somatic cells, the percentage of neutrophils, 
increasing the concentration of salts, pH changes etc. Results obtained by different 
tests are not well correlated, because each of these parameters are varying in 
different way by different dynamics in time, along the evolution of infection, 
depending to a lot of factors, like: the phase of infection, nature of etiological agent, 
the particular environmental circumstances, individual status of health etc. Each 
parameter measured and each test provides some advantages and some 
disadvantages in comparison with the others. The correlation between results of 
these tests is often random and therefore no test can be considered perfect or 
taken as a reference test for the others, nor even bacteriological one, whose results 
are relevant only when is positive. An increasing number of somatic cells, or 
neutrophils, may indeed betray an evolutionary mastitis, but equally well might only 
reflect a former mastitis, meanwhile healed spontaneously or by medication, and 
therefore it also could not be taken as reference test. 

A special mention deserves California Mastitis Test (CMT), which is based 
on the changes of two parameters, simultaneuslly measured: increased somatic 
cell count and milk pH modification, test currently recognized as the most valuable 
of all tests, the test that gives the fewest false results, and therefore are on the first 
place in preferences of practitioners. However, because this test also has some 
disadvantages that limit its applicability in very large herds, with modern 
technologies, now all hopes are turning to the new emerging tests, using electronic 
devices (10,11,12). 

Conditions of acceptability for a good diagnostic test  
A new test conceived for subclinical mastitis detection is useful and well received in 
practice, only when show a number of advantages and as few as possible 
disadvantages in comparison with those already known. 
 Among disadvantages of different diagnostic tests could be included: 

-A large dose of subjectivity in reading and interpreting the results (as 
happens with CMT, Bernburg Schneltest, R-mastitest); 
-Detecting a profusion of false positives or negatives resultes (as happens 
with all tests); 
-Needs expensive equipment (like automatic direct counting of cells);  
-High-cost of reagents and other consumables (microbiological and 
cytological examinations);  
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 -Require laboratories and qualified staff (bacteriological and cytological 
examinations)  
 -Long-time of expectation for results (bacteriological examination). 

  In this context, an important step forward could only be made in the future 
by designing new tests, based upon new principles, meeting the following 
conditions:  

-To detect simultaneously multiple changes that usually occurs from the 
very beginning of   installation, in mammary infection. 

-To provide the most reliable results, preferably numerical quantifiable, 
closely correlated with those of the main diagnostic tests known and eventually 
taken as reference tests.  

-To be efficient; requiring low-cost per sample. 
- To be simple, quick, requiring no particularly skilled labor. 
- Possible to be performed in farms, with portable device. 
Already numerous tests and devices, designed taking into account the 

wishes mentioned above, appeared lately, new ones emerge today, some 
completed, others in the training course, described in a growing number of 
publications (2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13). 

However none of them simultaneously satisfy all the above desiderata. 
Therefore some of them are preferred in some circumstances. and others are 
preferred in different circumstances. 

 
Conclusions  

 
 Hygienic quality of cow's milk remains a very important issue of public 
catering, insufficiently resolved until now, although real progress was lately 
registered.  

Final resolution of the matter depends largely of improving techniques and 
apparatus used for operative diagnosis of subclinical and subtle mastitis.  
This would allow continuous monitoring of individual health status of the 
milk from each cow, and operative establishment of appropriate measures. 
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Summary 

 
This paper summarizes some quantitative data from a recent study on occurrence 

of dust, mezophilic bacteria and fungi load from a laying hens farm from Timis county. The 
average value of total bacteria count was 7.3 x 10

5
, that means a high load of bacteria in the 

laying hens house. The fungi load from inside the laying hens house was 4.7 x 10
4
 ufc/ m

3
, 

with a minimum value of 2.3 x 10
4 

and a maximum one of 7.7 x 10
4
.
. 

Inhalable dust 
concentrations from the laying hens house had an average value of 3.2 ± 1.97 (mg/m

3
) with 

maximum values in the first three-fourth mounts. The monitories indicators such as dust, 
total bacteria count and fungi, presented high and partly very high concentrations in the air of 
poultry houses. In winter months the concentration of the air pollutants are distinctly higher 
than in summer when high ventilations rates are applied.  

Key words: dust, mezophilic bacteria, fungi, poultry house 

 
It is known that in livestock air could be present a big load of diverse micro-

organisms (bacteria and fungi) and considerable amounts of dust. Epidemiological 
studies suggested that dust associated with bacteria and fungi can cause infectious 
and allergic diseases in animals and farm workers and also are emitted in exterior 
environment were present a risk of biological pollution of the air (2; 6). Some 
studies done in the north of Germany revealed that about 22 % of the pig farmers, 
17 % of the cattle farmers and 13 % of the poultry farmers displayed airway 
problems such as asthma, asthma like syndrome, chronic bronchitis, mucous 
membrane irritation and organic dust toxic syndrome (3; 4). Taking in consideration 
the importance of knowing the bacteria and dust load on the health of laying hens 
and farm workers this study summarizes some quantitative data of dust and 
bacteria load in poultry farm in Timis County. 

 
Materials and methods 

 
The study was in one laying hen house fron Timis County were 1500 birds 

were kept in groups of ten to thirty in a three tier system of enriched cages. Each 
cage was equipped with perches, a separate laying area and a dust bath. A floor 
area of around 750 cm2 per bird was provided. Measurements were carried out 
during the course of one year, always on the first Monday of each month. Two 
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sampling positions were defined for the sampling representative for air 
composition. Dust was sampled on glassfibre filters (Whatman International Ltd., 
Maidstone, UK) and weighed in a laboratory with relative constant temperature and 
relative umidity (23 – 24 °C ± 2 temperature, 45 ± 5 % relative humidity) before and 
after sampling using a pump. The air flow was controlled at 2.0 l/min. The 
microorganism load (bacteria and fungi) was determinated by free sedimentation 
method, using nutrient agar for total aerobic mesophilic bacteria and respectively 
Sadouraud dextrose agar with chloramphenicol 0.5% for total number of fungi. The 
exposure time for the Petri dishes with culture media for mesophilic bacteria was 5 
minutes and 15 minutes for fungi. For bacteria the incubation temperature was 37 º 
C and for fungi the temperature was 25 º C. The mesophilic bacteria colonies were 
counted after 24 hours of incubation and the fungi colonies were counted after 
three; 5 and 7 days. The concentration of mesophilic bacteria and viable fungi was 
expressed as colony forming units per one cubic meter of the air (cfu/m

3
). The 

obtained data were processed using Microsoft Excel XP and Statistica 5.1 
software. 

 
Results and discussions 

 
In table 1 are presented the results obtained on the three indicators of the 

air from a laying hens from Timis County. 
 

Table 1 
Micro-organisms and dust concentrations in the air of laying house from the  

Timis County 

Indicators Values 

Average ± standard 
deviation 

Min Max 

Total bacteria count 
(cfu/m

3
) 

7.3 x 10
5
 ± 5.0x 10

5 
4.5 ± 10

5 
22.1 x 10

5 

Fungi 
(cfu/m

3
) 

4.7 x 10
4
 ± 2.1 x 10

4
 2.3 x 10

4
 7.7 x 10

4
 

Inhalable dust 
(mg/m

3
) 

3.2 ± 1.97 1..21 7.21 

 
The average value of total bacteria count was 7.3 x 10

5
, that mean a high 

load of bacteria in the laying hens house. The greatest value was observed in 
January, followed by December (fig.1). From studies published by other scientists 
results that the total mesophilic bacteria ranges in poultry houses on 10

5
 to10 

6
 

cfu/m
3
of air depending on the season and the activities from inside (1, 6).  

In our country there is not established a maximum admitted value for the 
bacteria load in animal‘s houses to compare the obtained values in our study.  
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Fig. 1. Total bacteria count in the laying house 

 
The fungi load from inside the laying hens‘ house was 4.7 x 10

4
 ufc/ m

3
, 

with a minimum value of 2.3 x 10
4 

and a maximum one of 7.7 x 10
4. . 

The greatest 
values were observed in the first three mounts of the year (fig. 2). Our results on 
fungi load inside of laying hens are comparable with than reported by other 
authors. For example, Sowiak (6) reported that the concentration found in a study 
done in poultry house ranges from 1.22 x 10

3 
to 5.87 x 10

5
 cfu/m

3
. 

Also, other authors reported that the values of fungi load in animals houses 
is depending on seasonal conditions (1). 

 

 
Fig. 2. Fungi load in the laying house 
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Inhalable dust concentrations from the laying hens house had an average 
value of 3.2 ± 1.97 (mg/m

3
) with maximum values in the first three-fourth mounts 

(fig. 3). 
 

 
Fig. 3. Inhalable dust in laying house 

 
Saleh et al. (5) found Inhalable dust concentrations between 1.3 and 9.5 

mg/m3 in the air of the aviary for laying hens, 0.2-2.3 mg/m3 in conventional cages 
and 0.4-3.5 mg/m3 in the enriched cage system with respective respirable dust 
concentrations of 0.2-4.4, 0.01-1.30 and 0.01-0.99 mg/m3 in Germany. Highest 
inhalable dust concentrations (up to 10 mg/m

3
) were found in the air of broiler 

houses at the end of the 4
th
 fattening week which is 2.5-times higher than the 

German occupational health threshold for workers (4 mg/m
3
). 

 
Conclusions 

 
The monitories indicators such as dust, total bacteria count and fungi, 

presented high and partly very high concentrations in the air of poultry houses. 
In winter months the concentration of the air pollutants are distinctly higher 

than in summer when high ventilations rates are applied.  
These kinds of data can help to identify those animal production systems 

where is necessary to improve the production system in order to ensure the man 
and animal welfare, as well as to reduce emissions. 
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