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Summary 
 

In bee families untreated with acaricide substances during the active 
season population trends of infestation with Varroa destructor mites by determining 
indicators, daily natural mortality, level of infestation of adult bees and level of 
infestation of the brood, was monitored. In results interpretation was established 
that, in climatic conditions of western Romania, V. destructor mite populations in 
bee families under active season may reach, in the fall at the end of the active 
beekeeping season, damaging levels in the absence of specific treatment. 
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Recently, Varroa destructor conquered territories around the world, where 

Apis mellifera bees, exploited as hosts, inhabit for thousands of years. Being a 
relatively new parasite to a new host, host-parasite balance is not stable so that the 
bee family dies in a variable period of time, dependent on many factors. In addition, 
new hosts are found almost entirely without defensive response against new 
parasites. 

Population dynamics of V. destructor is influenced by factors dependent on 
mite, on parasitized bee specie and the climate of the bee family. The length of 
periods without brood, the level of foretic mites, bees and mite reproduction and 
mortality of mites are some of the factors with major impact on population trends of 
V. destructor. 

In subtropical climate conditions, where broods are present throughout the 
year, a colony of Apis mellifera disappears in a year, if the population of V. 
destructor is not controlled by an effective treatment (2). In northern European 
countries, brood stage is absent in winter and V. destructor population decreased 
significantly during the first year, then recover and kills the family in four years, 
without treatment. Under intermediate conditions bee families will have problems 
starting the second year of infestation. The main determining factor is the initial 
number of V. destructor in the bee family because it will influence the rate at which 
the population of mites may increase until it reaches the level of development 
above which is capable of inducing significant damage or even collapse of the bee 
family (3, 4) . 

V. destructor population dynamics is influenced by its host population 
dynamics and by internal and external factors. It is important to understand the 
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population dynamics of V. destructor and annual progress with or without 
treatment, to know when and how to apply a rational treatment of the most serious 
enemy of the beekeeping worldwide. 

Before applying a therapeutic protocol in a specific epidemiological 
situation apiary must be known. A bee breeder and veterinarian must accept the 
reality that there is no bee family without V. destructor. The study aims to 
determine population trends of V. destructor in bee families not subject to treatment 
during the active season in temperate continental climate conditions of our country. 
The findings have important implications in establishing control measures and their 
rational application, knowing that the treatments are often used without being 
preceded by a parasitological exam. 

 
Materials and methods 

  
To observe the population dynamics of V. destructor, if no specific 

treatment occurs during the active season, eight bee families were studied. Bee 
families were randomly extracted from an apiary of 54 bee colonies located in 
Curtici, Arad County. The growth of bee hives was provided with vertical multi 
antivarroa bottom hive, technology that allows easy monitoring and assessing 
naturally fallen mites infestation levels. 

In late March, the bee families were transported to a distance of seven 
kilometres from healthy apiary, to reduce the possibility of entering of other infested 
bees bee colonies scattered in neighbouring apiaries. All families of bees from the 
apiary, including those submitted to the experiment, were treated before entering 
the winter period with Amitraz® applied as a fumigation, according to the 
manufacturer instructions. 

The indicators used were the number of V. destructor mites fallen on the 
proof sheet in 24 hours, the level of infestation on adult bees and cap brood 
infestation level. Data on the evolution of both infestations apiary and laboratory 
examination of samples were collected. 

The apiary naturally fallen mites were recorded on the proof sheet back of 
the antivarroa hive. The number of naturally V. destructor fallen mites was recorded 
once a week. The number of naturally fallen mites in 24 was calculated by dividing 
the mite count to seven (the number of days between counts). 

Also in the apiary the level of infestation of adult bees was determined 
using the powdered sugar method. This method has the advantage that bees are 
not killed, and are returned to colonies after the examination. This method consists 
in capturing of 100 adult bees in a jar over which a teaspoon of powdered sugar is 
placed. Close jar with a lid and shake a few seconds after the bees are released, 
and the powdered sugar through fine sieve to retain the mite V. destructor. They 
are counted and divided by the number of bees examined and obtain the 
percentage of bees infested with V. destructor. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 3 
 

During the determination of the adult bee infestation, from brood comb, 
samples cover a worker bee and drone was collected. Brood comb samples were 
examined in laboratory of Parasitology and Parasitic Diseases in the Faculty of 
Veterinary Medicine, Timisoara. 100 brood cells were uncapped under a 
microscope, from each sample and each pupa a worker bee or drone was 
examined. Founding females per brood were counted and recorded, thus 
establishing the percentage of infestation in the brood cover. The monitoring of the 
infestation level of adult bees and brood was conducted in April, June and August, 
summer months, when V. destructor population increases with the number of bees. 
The data were statistically interpreted using Office Excel 2007 program. 
 

Results and discussions 
 

 Average natural fall, in 24 hours, was 0.9 mites throughout all 
experimental group mites in April, 1.6 mites in June and 3.4 mites in August. From 
early April to late August monitoring, naturally fall within 24 hours increased by 2.5 
mites. Thus, natural fall increased day, with 0.017 V. destructor mites. 

 From April until mid-June daily naturally fall grew on average by 
0.7 V. destructor mites, the growth of mites per day was 0.0093. From mid June 
until late August there was a pronounced increase in the number of fallen mites per 
day. Natural fall per day in this period increased on average by 2.2 V. destructor 
mites, with daily developments of 0029 mites. During the five months study the 
number of V. destructor mites increased by an average of 2.5 mites fallen on the 
day the daily progress being 0.017. 

 

 
Fig. 1. Natural fall of V. destructor mites in 24 hours 

 
Adult bee infestation with V. destructor mites in foretic period increased in 

the experimental untreated group on average from 3% in April to 4.3% in June. In 
late August, the level of infestation of adult bees was 7.5%. It was determined that 
the average level of infestation of adult bees increased by 4.5 percent in 150 days, 
resulting an increase of 0.03% per day. 

From April to mid-June, adult bee infestation with V. destructor increased 
by 1.3%. Dividing this value to 75 days we can notice that the infestation of adult 
bees progressed with 0.017% per day. Also within two and a half months, but in the 
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second part of the summer adult bee infestation grew by 3.2% to 0.042% increase 
per day, higher than in early summer and spring. Other authors reported that during 
the period with brood daily increasing of mites population is 0.021% or between 
0.022% and 0.025% (1, 2, 9). 

It is noted that the level of infestation of adult bees almost tripled during the 
summer months while the bee population follows a rising curve. Various studies 
show that V. destructor population may evolve from a reduced rate of two mites a 
week in the spring to more than 30 per week in summer or five per day in spring to 
over 70 per day in summer (7). A population of ten V. destructor will evolve in three 
years in a population of 1000 mites (6). 

 

 
Fig. 2. Infestation level of adult bees with Varroa destructor 

  
 Medium infestation levels in brood in the experimental untreated group 
were 2.23% in April, 8.39% in June and 19.4% in August. In the period April-August 
growth levels of infestation was 17.17% with a daily trend of 0.11% infestation. The 
level of infestation in brood increased by an average of 6.16% in the period April - 
mid-June, daily progress being 0.82%. In the next period, in latter half of June - late 
August, the level of infestation in brood increased by 11%. During this period the 
development of infestation was 0.15% per day.  
 The population of V. destructor from a bee family is focused on brood for 
reproduction. This phase of the biology of V. destructor can be seen also in the 
statistical results of this study showing that the population of V. destructor on brood 
increased nine times from April until August, nearly doubled in a month.  
 Under the climatic conditions of central Europe, the colonies will have 
difficulties starting the second year after the last treatment. Other authors reported 
an increase in infestation with V. destructor during summer months, with 0.021% 
per day. In high infested families the amount of brood decreases, phenomena 
harmful also for V. destructor. The maximum level of infestation is achieved in three 
- four years, but can be reached also in a few months if families are united with 
weak families, high parasitized (2). 
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Fig. 3. Infestation level of brood with Varroa destructor mites 

 
Table 1 

Varroa destructor infestation indices evolution registered during the study 

 
 The period of time in which the bee colonies raises brood has an effect on 
the population of mites. Winter conditions that allow the growth of brood, even in 
large quantities are sometimes found. Thus, it is necessary to determine the levels 
attained by the population of mites, that can change depending on the particular 
climate characteristics and that may change even in the same region. In bee 
colonies growing brood 128 days a year, the population of mites may increase 12 
times in one year. Populations of mites that have brood available throughout the 
year, the population size can increase 800 times a year. 
 In other studies they have started from an initial population of 10 mites, 
indicating a relatively small population of mites in the first two years. In the third 
year, the population of mites reached significant levels and during the fourth year 
the population is so large that will destroy the bee colony. In subtropical climates, 
where the juvenile is present throughout the year, the colony of bees could 
disappear in a year, if the population of V. destructor is not controlled (2). 
 Over the five months of study in the untreated bee, the parasitism level 
increased in all eight families of bees to a harmful level. The most important V. 
destructor natural infestations indicators: fall of mites per day, the infestation of the 
adult bees and brood infestation are important particular values when you need to 

Month Average 
natural fall 
in 24 hours 

Average 
infestation 

in adult 
bees (%) 

Average infestation level in brood (%) 

One founding 
females 

Two founding 
females 

Three 
founding 
females 

April 0.9 ±0.4035 3 ±1.6903 2.01 ±1.0063 0.18 ± 0.3720 0.06 ± 0.1187 

June 1.6 ±0.6094 4.3 ± 2.0346 5.31 ± 4.1912 3.01 ± 1.5569 0.47 ± 0.4026 

August 3.4 ±0.7633 7.5 ±3.3806 10.46 ±7.0700 7.17 ±3.6946 1.77 ±1.2589 
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take the decision when and how to make treatment. The study demonstrates that 
without treatment, V. destructor population increases very quickly during the active 
season, especially in the second part of the summer and early autumn when the 
first clinical signs appear. The apparition of clinical signs means that the bee family 
is compromised in terms of preparation for next season, wintering and production 
next year. 
 

Conclusions 
 

Under the climatic conditions of western Romania, from April to August, the 
number of dead mites per day increases daily with 0.017 mites. 

The infestation of adult bees increases daily by 0.03% from April to August. 
The level of infestation of brood increased daily by 0.11% from April to 

August. 
All indicators from the study had a higher rate in the second part of the 

summer from June to August. 
The population of V. destructor is damaging in 150 days in the active 

season in the absence of treatment with acaricide substances. 
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Summary  

 

Ticks are one of the major constrains on livestock production being responsible for 
the transmission of pathogens such as Anaplasma, Babesia and Theileria. Tick-borne 
zoonoses affect people living in the countryside in developed and developing countries. The 
diffusion of tick borne disease is due to a large number of factors, including among others, 
environmental (such as weather, soil, types of vegetation), genetic (predominant bovine 
breeds), ecological (such as composition and interactions of the tick populations, the 
presence of other animal species), and animal management. In this paper are reported 
epidemiological data regarding tick borne disease due by Anaplasma, Babesia and Theileria 
in domestic ruminant breeding in southern Italy regions. Anaplasmosis is spread in cattle, 
sheep and goats with an high prevalence of infection followed by theileriosis. Anaplasma 
phagocytophilum is also present but in a moderate way and babesiosis shows low 
prevalence in cattle and sheep, absent in goats. 

Key words: Anaplasma, Babesia, Theileria, Epidemiology, Italy. 
 

The development and implementation of control measures for tick-borne 
pathogens is dependent upon understanding the epidemiology of these pathogens 
in a particular geographical region and the incidence and prevalence of the tick 
species involved on the transmission as well as their role as pathogens vectors. 

Anaplasmosis is a transmissible infectious illness that causes huge losses to 
the cattle industry in tropical and sub-tropical Countries, and in regions with a 
temperate climate. The causative agents belongs to the family Anaplasmataceaes, 
order Rickettsiales and are Anaplasma marginale in bovine and A,ovis in sheep 
and goats. A less pathogenic agent that also infects cattle is A. centrale. 

Due to its relevance, Anaplasmosis is an illness that is included in the list B 
of OIE (1). 

The ticks of the Ixodidae family are the main biological vectors of the illness 
and reservoir of the infection. The pathogen in the ticks is also transmitted by trans-
stage route.   

In Italy, anaplasmosis is related to the presence in the territory of ticks which are 
members of Dermacentor, Hyalomma, Ixodes and Rhipicephalus genera (2). 

A. phagocytophilum (previously known as Ehrlichia equi and Ehrlichia 
phagocytophila) causes the tick‘s fever of ruminants and is the causative agent of 
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the equine, human and canine granulocytic anaplasmosis. In contrast with A. 
marginale, A. phagocytophilum shows a broad host spectrum. In Italy and in 
Europe, the main vector responsible for its transmission is Ixodes ricinus, which 
infests different host species in regions with a temperate climate or wooded regions 
in higher altitudes. Recent studies conducted in Sicily allow to hypothesize that also 
tick which are members of other genus could be vectors of this pathogen (3,4).   

Members of the order Piroplasmidae (genera Babesia and Theileria) are 
intracellular protozoa causative agents of important diseases transmitted by ticks. 
Babesiosis, commonly called Red Water Fever, is a disease with a high mortality 
rate in cattle that can also affect other domestic animals. These infections are of 
worldwide importance and are characterized by anaemia, icterus, hemoglobinuria 
and death, having a high economic impact in several parts of the world.  

In Italy there are at least 5 tick vectors genera known to be competent for 
the transmission of Babesia and Theileria sp. identified: Rhipicephalus (Boophilus), 
Ixodes Hyalomma and Haemaphysalis. All these potential Babesia and Theileria 
tick vectors are widely distributed in Italy, although they are predominant in the 
Southern region. (5,6,7) 

Many useful species-specific PCR assays have been developed to detect a 
particular tick-borne pathogen, these organisms frequently occur together with 
other species transmitted by ticks within the same host. In this paper we report 
epidemiological data about the diffusion of Anaplasma, Babesia and Theileria 
pathogens in Italy  

 
Materials and methods 

 
From 2003 to 2010, from Southern Italian regions, ruminants samples were 

tested for serological and biomolecular detection of Anaplasma, Babesia and 
Theileria infections in cattle, sheep and goats. As the number of samples tested for 
the different diagnostic tests is not always the same, the consistence of the 
samples will be reported in the tables of results  

The antibodies for Anaplasma were detected using a competitive enzyme-
linked immunoassay (cELISA, VMRD, Pullman, WA 99163). Samples having <30% 
inhibition were considered negative (8). Antibodies against A. phagocytophilum 
were detected in sera using an indirect immunofluorescence assay (Fuller 
Laboratories USA). This IFA assay utilizes A. phagocytophilum infected HL60 cells 
as antigen. 

For the serological detection of antibodies against Babesia bigemina and 
Babesia bovis we used an IgG IFA test (Fuller Laboratories Fullerton, CA USA). 
Samples were considered negative when no fluoresce was detected at 1:80 and 
1:40 dilution of the test serum, respectively for B. bigemina and B. bovis, as 
recommended by the manufacturer.  

All blood and tissue samples were collected for PCRs, purification and 
hybridization analysis. DNA was isolated from 200μl EDTA blood samples using 
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column kit (Invitrogen). The blood samples were digested with proteinase K at 55°C 
for 10 minute using a digestion buffer. In the tissue samples the incubation was 
extended until 18-24 hours to allow the complete digestion.  

Specific PCRs were used to detect Anaplasma spp (9), A. marginale/A. ovis, 
A. phagocytophilum (10) Babesia bovis and B. bigemina (11) as previously 
described with 1 μl (0.1-10 ng) DNA using 10 pmol of each primer and the Ready-
To-Go PCR beads (Amersham, Piscataway, NJ, USA).  

Babesia and Theileria spp PCR was performed to amplified the 
hypervariable V4 region of 18S rRNA gene of the two genera as describes by (12). 
PCR amplification was carried out on 5 µl of DNA from one individual

 
sample

 
in a 

total volume of 50 µl on a 2720 Applied Biosystems termocycler. The PCR products 
were used for the Reverse Line Blot hybridization. For each piroplasms, a specific 
oligonucleotide probe has been designed, the species detected were 
Babesia/Theileria catch all Babesia bigemina, B. bovis , B. divergens, B. major, B. 
motasi, B. ovis, B. crassa, Theileria annulata, T. velifera, T. taurotrago, T. mutans, 
T. buffeli/orientalis, T. ovis, T. lestoquardi, Theileria all sp2 (China) , Theileria all 
sp1 (China), Babesia all sp1 (Turchey) e Babesia all sp2 (Lintan). After 
hybridization the membrane was exposed

 
to a chemo-luminescent detection film 

(Amersham) for 60 min and 18 hours, and afterwards the film was developed in a 
Develop X-ray

 
film (AGFA) and Fixed X-ray

 
film (AGFA), a black spot in the 

hyperfilm, in the sample-probe cross, was a positive signal for that pathogen (13, 
14, 15). 

 
Results and discussions 

 
These data suggest how spreads are the tick borne diseases in domestic 

ruminants in southern Italy. Their number is often underestimated because of their 
subclinical ongoing and the natural resistance acquired by autochthonous species 
in endemic countries.  

The diffusion of tick borne disease is due to a large number of factors, 
including environmental (such as weather, soil, types of vegetation), genetic 
(predominant bovine breeds), ecological (such as composition and interactions of 
the tick populations, the presence of other animal species), and animal 
management (16). 

The causes of the high prevalence of this diseases is attributable to 
environmental and climatic factors that make the southern regions very suitable for 
ticks life, In fact, in a year there are more generations and diapausa concerned only 
short periods of the year. Also the type breeding, wild or semi-wild, which is 
adopted in the south, facilitates contact with ticks. 

In table 1, 2 and 3 are reported the prevalence for Anaplasma, Babesia and 
Theileria pathogens and the number of samples examinee for serological or 
molecular diagnosis in cattle, sheep and goat.  
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The results reported herein demonstrate that bovine anaplasmosis caused 
by A. marginale is endemic in the Italian South-central regions. Serological and 
biomolecular prevalence are both high, as it was aspect for the permanent carrier 
condition of cattle infected by A.marginale. 

Anaplasmosis due to A. ovis is the most represented pathology in sheep and 
goats showing high serological and bimolecular prevalence; in sheep A.ovis can 
causes severe symptoms especially animals in poor health condition (17). 

On the other hand, A. phagocytophilum is present in southern Italy with 
moderate prevalence, around 15% when detected with serological test and 5% 
when detected by biomolecular test. These results can be explained by the biology 
of the vector that needs environmental conditions not very common in southern 
regions. 

 
Table 1  

Anaplasma marginale, A. ovis and A. phagocytophilum infection prevalence 
(no. samples) 

Animal 
specie 

A. marginale/A. ovis A. phagocytophilum 

Serology Biomolecular Serology Biomolecular 

Bovine 59.7 % (4307) 36.3 % (3090) 15.2% (1755) 11.2 % (1457) 

Ovine 83.3 % (1615) 48.6 % (3104) 11.6% (1154) 4.8 % (1451) 

Caprine 75.5 % (718) 45.7 % (997) 15.0 % (415) 4.3 % (394) 

 
Infections belonging to Babesia and Theileria pathogens are widespread in 

domestic ruminants in Southern Italy. This result was expected as it is in full 
agreement with the described geographic ticks distributions in Italy (18, 19, 20, 21). 
In the Southern region the climate condition is warmer, drier and most breeding are 
raised outdoors in farms, where they are more exposed to the risk of tick 
infestation.  

The biomolecular and serological data regarding bovine babesiosis shows 
that both B. bovis and B. bigemina are causes of diseases in Southern Italy as 
demonstrated by the high serological prevalence. Bimolecular prevalence shows 
that B. bigemina is more represented than B. bovis. 

Table 2  
Babesia bovis and B. bigemina infection prevalence in cattle in southern Italy 

(no. samples) 

Babesia specie Serology Biomolecular 

B.bovis 30.2 % (1264) 1.6 % (1104) 

B.bigemina 21.9 % (1045) 8.4 % (965) 
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As regards RLB results Theileria sp. (table 3) was the most frequent 
parasite identified (24,7%), instead Babesia sp prevalence was 7,6 %. In bovine 
samples, seven different Babesia and Theileria species were identified in this 
study: T. buffeli, T. annulata, T. lestoquardi, T. ovis, B. divergens, B. bovis, and B. 
bigemina. Five of them are pathogens for bovine while T. lestoquardi and T. ovis 
are pathogens for small ruminants. This data let us suppose that cattle could act as 
reservoir for pathogens of other animal species. Additionally, 131 samples reacted 
with the generic probe for Babesia sp. and Theileria sp., but they did not react with 
the Babesia or Theileria species-specific probes present in the membrane. A likely 
explanation of these results is that these amplicons were originated from Babesia 
or Theileria species that were not included in the RLB membrane, because they 
belong to a genetically distinct Babesia or Theileria parasite isolate. Alternatively, 
these results could be due to the presence of sequence polymorphisms in the 
region recognized by the Babesia/Theileria specific probes. Further studies should 
be performed in order to verify the genetic heterogeneity within the Babesia or 
Theileria parasite species infecting cattle. 

 
Table 3  

Prevalence of Babesia and Theileria in cattle (no 1269), sheep (no 1373) and 
goats (no 443) in Southern Italy 

Parasite species Prev cattle % Prev. Sheep % Prev. Goats % 

B/T catch all 18S rRNA 19.0 28.9 6.8 

T. buffeli/ orientalis 17.5 0.0 0.0 

T. annulata 14.9 3.6 0.0 

T.taurotragi 0.0 0.0 0.0 

T.velifera 0.0 0.0 0.0 

T. mutans 0.0 0.0 0.0 

T. lestoquardi/T.hirci 1.4 6.5 0.0 

T. ovis 0.9 18.8 2.5 

Theileria sp1 china 24.7 32.4 6.5 

Theileria sp2 china 17.4 24.7 6.5 

B.crassa 0.0 0.1 0.0 

B. bovis 1.6 0.0 0.0 

B.bigemina 0.9 0.1 0.0 

B.divergens 0.2 0.0 0.0 

B.ovis 0.0 1.1 0.0 

B.motasi 0.0 0.1 0.0 

Babesia sp1 7.6 11.8 2.0 

Babesia sp2 7.0 11.6 2.0 
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T. buffeli was the predominant species in the infected cattle with (17.5%) 
detected either as single or mixed infections T. annulata prevalence was 14.9%. 

As regarding sheep and goats results, seven different Babesia and Theileria 
species were identified: T. annulata, T. lestoquardi, T. ovis, B.crassa, B. bigemina, 
B.ovis and B. motasi. The species T. lestoquardi, T. ovis, B. motasi, B. crassa and 
B.ovis are pathogen for small ruminants, while T. annulata and B. bigemina are 
pathogens for bovine, suggesting that sheep and goat could act as reservoir for 
pathogens of other animal species. Moreover, 241 samples reacted with the 
generic probe for Babesia spp and Theileria spp, but they did not react with the 
Babesia or Theileria species-specific probes present in the membrane. These 
results can have the same explanation given for cattle results. The predominant 
species in the infected sheep were T. ovis (18.8 %) and T. lestoquardi (6.48 %), 
these pathogens were present in mixed infection, the lowest prevalence were for B. 
crassa and B. motasi. Moreover T.annulata presence was 3.64% always 
associated with T. lestoquardi. This data could be due to a cross-reaction between 
the two probes. 

The goat had a low prevalence of pathogens; in fact, one pathogen only was 
detected, T. ovis. Probably the reason may be due to the ability of the goat to 
pasture in inaccessible, unreachable and steep area. In this condition is very 
difficult to have contact with ticks infected by feeding in other animals during their 
life cycle.  

 
Conclusions 

 
It is well known that adequate control of tick-borne diseases results in 

increasing productivity of meat and milk, thus occurrence of TBDs have a large 
impact in the economy of this Country. Information on the geographic distribution of 
anaplasmosis and piroplasmosis and rational distribution of animal breeds in tick-
infested areas according to their relative susceptibility to TBDs, are essential 
elements to be considered for the elaboration of adequate regional control 
strategies of these diseases. Tick borne disease is spread in southern regions, and 
different domestic animal species can be reservoirs for pathogens affecting other 
species as T. annulata in ovine.  
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Summary 
 

In Italy, Istituti Zooprofilattici Sperimentali (IZS), set up a network which covers all 
Italian territory of collaborating laboratories for serological diagnosis. Since 2003 by Ministry 
of Health was found Leishmania National Reference Centre in Palermo (C.Re.Na.L.) that 
provide epidemiological surveillance collecting serological data from each italian regions 
improving the official epidemiological report on ―Leishmaniasis state of art‖ in Italy. According 
the policy of service quality and applying EEC Directives on inspection and evaluation of 
Good Laboratory Practices (OIE) the indirect immunofluorescent-antibody test (IFAT), is 
performed in our network since 1987, and now thousands of animal sera are monitored 
every year. The authors show serological data collected in all Italian regions by the IIZZSS 

network through 2005-2009.  
Key words: Epidemiology – Seroprevalence – IFAT - Leishmaniasis 
 
Leishmaniasis is a typical world-wide zoonosis related to sandfly vectors 

geographic distribution and animal reservoirs available. In Mediterranean Area the 
main reservoir of infection are dogs (1, 2) and a lot of phlebotomines species are 
the vectors; due climatic changes, in all Mediterranean areas, P. perniciosus, P. 
perflewi, S. minuta sandfly are increasing their density for most part of the year (3, 

4). Further epidemiological investigation needed to understanding the actual 
spreading of leishmaniasis and the complexity of its clinical spectrum. Most used 
tests are: IFAT, ELISA, microscopic examination, PCR and cultural isolation (5). 

 
Materials and methods 

 
The MHOM/IT/80/IPT1 strain is cultivated and fixed on the microscope 

slides to constitute the whole Leishmania antigen and performed test can reveal 
the presence of every antibody direct against Leishmania in the examined serum 
samples. C.Re.Na.L. employs and gives away home-made multispot microscope 
slides to the collaborating labs and serological data collected are used improving a 
National Leishmania Database useful to the epidemiological approach and to study 
the prevalence of the infection. Statistic software ―WINEPISCOPE‖ was used to 
analyse the obtained data. 
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Results and discussions 
 

375.498 samples sera were analyzed through 2005-2009 and the 
seroprevalence was calculated (odds ratio 95%) for each region. Epidemiological 
data were summarized in table 1 and in a graphics elaborate and increasing 
infection rate through the Italian regions are showed. 

 

Table 1  
Estimate of Prevalence IIZZSS 

Years Tot. Samples 
II.ZZ.SS. 

Tot. Pos. 
II.ZZ.SS. 

Prevalence 

2005 58.951 13.480 23% 

2006 70.481 14.124 20% 

2007 61.411 13.850 23% 

2008 73.989 12.027 16% 

 
Also, the epidemiological data were summarized in a graphics elaborate 

and increasing infection rate through the Italian regions are showed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig.1. Estimates of prevalence and number of samples in year 2005 
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Fig.2. Estimates of prevalence and number of samples in year 2006 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig.3. Estimates of prevalence and number of samples in year 2007 
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Fig.4. Estimates of prevalence and number of samples in year 2008 
 

This work, although is not defining a complete epidemiological map, 
represents the first collection of national data about the tests conduct in the IIZZSS 
laboratories network in the years 2005-2009.  

It reveals the evidence of the seroprevalence trend in different Italian 
regions. The cut-off value used for sera-positivity was established in every Institute 
related to the prevalence regional status. The samples were filtered as much as 
possible to avoid the collection of data obtained on the same animals in different 
times.  

This is the first work on this topic that involves the whole of Italy, yet similar 
work had involved the single regions and data from these previous works are 
similar to those obtained by us. 

 
Conclusions 

 
This work demonstrated the increase of the endemic infection status in 

Italian areas where only sporadic cases were previously reported.  
Moreover, the growing number of examinations in all the laboratories 

demonstrates the high attention level of the operators towards the leishmaniasis.  
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Summary 

 

Toxoplasmosis is a world wide zoonosis affecting all warm blood animals from birds 
to mammals. It is recognized that it is a food or water borne infection in both human beings 
and animals and seroprevalence ranging from 20 to 80% are present in many countries. In 
Sicily we screened so far a large number of sheep farms, and several different farms of goat, 
bovine and black swine of Nebrodi. The general screening on different animal populations by 
serological and biological methods indicate the big impact of farm management in the 
parasite circulation and that the results can be highly divergent among nearby farms. 

Key words: Toxoplasma, animal screening, farm management.  

 
Toxoplasma gondii is a coccidian parasite that can infect all warm blood 

animals and all different cells. The infection is world wide diffuse in animal and 
human populations, with seoprevalence ranging from 20 to 60%. The protozoa 
perform a sexual life cycle in the intestine of felids, while an asexual life cycle is 
present in all other warm-blooded animal and can result in tissues cysts formations. 
The infectious forms are represented by tachyzoites, (rapidly dividing in the acute 
phase of the infection), bradyzoites (slowing growing inside tissue cysts) and 
sporulated oocysts eliminated in the faeces of infected felines. 

Toxoplasmosis can be spread by ingestion of tissue with encysted 
bradyzoites, ingestion of food or water contaminated by sporulated oocysts, and 
transplacental transmission. (1-2) Infections are quite often asymptomatic in human 
beings and in animals as well but it can be particularly dangerous if a primary 
infection infection of the pregnant female during pregnancy and vertical 
transmission to the foetus occurs (congenital toxoplasmosis). In sheep for example 
can be one of the most prevalent parasitic causes of abortion (3). 

 
Materials and methods 

 
To the aim of a general screening for Toxoplasma gondii prevalence in 

Sicilian territory on different animal species, an analysis has started by a nested 
PCR from different matrices (tissues, blood, milk) and by multispecie ELISA on 
sera samples. 
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For the serology screening (10 µl) were assayed by the Toxoplasmosis 
indirect multi-specie ELISA diagnostic kit (ID.VET, code TOXOS 0907), following 
manufacture‘s instructions.  

Molecular analysis was performed by a nested PCR targeting the rRNA region. 
DNA was extracted from tissues homogenates, purified by gene elution 

mammalian kit ( Sigma) and amplified: PCR analyses were performed by a first PCR 
using NC 18S RNA sense primer (5‘TGCGGAAGGATCATTCACACG 3‘, Invitrogen) and 
NC28S RNA antisense primer (5‘CCGTTACTAAGGGAATCATAGTT3‘, Invitrogen) 
followed by a nested PCR using primers in the ITS1region (4). Amplified products were 
loaded on 2% agarose gel and visualised by Chem Doc analyser (Biorad). 

 
Results and discussions 

 
A general serological screening on ovine populations in Sicily, revealed 

positive serology up to 60% in several ovine flocks depending from the age of the 
animals, the presence of cats.(5) Analysis on pigs raised in the island revealed that 
further risk factors for toxoplasmosis can be water source and rodent contact (6) 
The low serology level in pigs farms in northern Europe are connected with the 
intensive or industrialised management that reduced the contact between animal 
and environment and in fact in swine organic farms there is an increase in 
seroprevalence (7). 

We are currently performing a general screening by both serological and 
molecular biology methods on different animal populations. 

The serology screening results in different animal species herds are 
reported in the table 1:  

 
Table 1 

Total sera samples of different animal species tested by ELISA in the period 
2007-2010 

 
The PCR analyses in several tissues, organs, milk samples are reported in 

the following table. 
 
 
 
 
 

Specie Total samples Positive ٪ 

Sheep 1500 49.36 

Bovine 200 14.24 

Black Swine of Nebrodi 99 19.67 

Goats  300 29.66 
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Table 2 
Results of molecular analysis by nested PCR 2007-2010 

Species Total Samples % 

Swine 316 3 

Wild Boars 94 7.8 

Ovine 335 1.5 

Bovine 80 0 

Goats 45 0 

 
To verify also the impact of Toxoplasmosis in abortion cases an ongoing 

analysis by nested PCR is performed. The results obtained so far are described on 
Table 3. Toxoplasma gondii can cause abortion in animals that seroconvert during 
pregnancy (congenital toxoplasmosis) particularly in sheep and goat. A survey on 
aborted foetal tissues and placenta in Sardinian sheep showed that almost 20% of 
abortion is positive for Toxoplasmosis (8). 

Table 3 
Animal abortion cases analysed 2009-2010 

Abortion cases Total samples PCR positive 

Sheep 45 3 

Bovine 15 1 

Goats 16 0 

 
In all these cases other infectious abortion cases like Brucella, Chlamidia, 

Leptospira, Campylobacter, virus and Neospora resulted negative.  
The general serology screening in more then 100 different ruminant farms 

showed an average serology level of 60% for sheep, 30% for goats and 13% for bovine. 
The highest seroprevalence was present in the farms depending on the 

hygienic conditions, cat circulations, usage of well or lake water supplies, and the 
altitude of the herds. All these results confirmed what it was already reported in 
different countries and in previous studies in Sicilian ovine (5).  

More than 50% of the Sicilian sheep farms were analysed so far, while we 
need to perform further analysis for goat and bovine farms. For each ruminant 
species we can establish 3 classes as shown table 4, based on serology levels with 
the highest level connected on the simultaneous presence of different risk factors. 

Table 4 
The results of general serology screening in ruminant farms 

 

Animal 
specie 

LOW MEDIUM HIGH 

BOVINE < 8% 8-20% >20% 

OVINE <12% 12% - 33% >65% 

CAPRINE < 8% 8-30% > 60 % 
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Analysis on black swine farms by serology and nested PCR in brain 
homogenates of the slaughtered animals are presented in fig. 1 In these figure is 
reported the gel in which 3 brain samples resulted positive. 
 

1    2   3    4    5   6   7    8    9   10   L    C+  C- 

 
 

Fig.1. The PCR result in brain homogenates of the slaughtered animals 
 

The screening on different farms of the autochthon Sicilian pig breed Black 
swine of Nebrodi showed an average higher seroprevalence in this pig population 
compare to the intensive pig farms. This is not unusual because a major interaction 
with external environments determines higher seroprevalence as reported for pig 
organic farms(7). 

The analysis on relative farm showed though very divergent level of 
seroprevalence in some farms even though all the animals live freely in the natural park 
and are kept confined in the farms for few months before slaughtering. 

 
Table 3 

The results of Toxoplasma seroprevalence in some farms 

FARM FARM-1 FARM-2 FARM-3 FARM-4 

Total animal tested 27 37 15 21 

% Positive sera 27% 19% 0% 30% 

PCR positive / on total brain 
samples 

2/23 3/36 0/15 0/18 

 
Further analysis are in progress to establish the causes of these different 

levels of positive results referring on the environmental conditions in the farms, 
water systems and rodent population which is also a big risk factor for swine in 
different countries (9) 

The general hygienic conditions of the farm have a dramatic relevance and 
in our studies we found that very close farms can have highly divergent serology 
level. For ruminant farms we found also that the proximity to urban areas is also a 
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risk factor maybe because in the vicinity of the towns there is a higher 
concentration of stray cats and rodent population.  

 
Conclusions 

 
The presence of cats on the farms is a risk factor of infection in all farms , 

the risk of infection decreased with increasing altitude, the water source is also 
important and access to water sources by cats shedding oocysts should be always 
prevented, Our results confirmed that the same risk factors are responsible for the 
parasite circulations in all farms of different specie..  

The analysis conducted so far, showed different seroprevalence among the 
main ruminant species present in Sicilian island, with the lowest level in cows and 
the highest in sheep and this is also confirmed when the three main ruminant 
species are present in the same farm (data not shown). If this reflect a different 
susceptibility of the animals need to be addressed.  

 In some farms the different level were not directly connected  to the cats 
circulation, water and food supplies but, a higher sero-prevalence was present 
among farms with similar managements, depending by the relative vicinity to small 
or big towns.  

The screening on both sera and brain homogenates in the Sicilian 
autochthon breed swine “Black swine of Nebrodi” showed an overall higher 
seroprevalence of anti toxoplasma IgG justified by the fact that the animals are 
freely moving in the natural park for long time, but in some farms, particularly low 
level of sero- prevalence indicate that appropriate measures can be taken to avoid 
parasite circulation.  
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Summary 

 

Flea infestation is the most common ectoparasitic condition of dogs and 
cats with worldwide distribution. From an ongoing country-wide study on the 
spectrum, the epidemiology and the population dynamics of flea infestations in 
dogs and cats, important preliminary results from the areas of Belgrade, Novi Sad, 
Pozarevac, Kraljevo and Sabac are presented. Three flea species were found 
parasitizing dogs and cats. Ctenocephalides felis felis was the most abundant 
(79.21 % of fleas identified), followed by Ctenocephalides canis (19.29.%) and 
Pulex irritans (1.50 %). 

Key words: fleas, cats, dogs, Serbia  

 
 Fleas are small, agile, usually dark colored, wingless insects with tube-like 

mouth-parts adapted to feeding on the blood of their hosts. Flea infestation is the 
most common ectoparasitic condition of dogs and cats with worldwide distribution 
(7). This wide distribution and the fact that fleas are major nuisance pests a matter 
of public health and the source of flea allergic dermatitis (FAD), one of the most 
common causes for the presentation of dogs to the veterinarian, make control 
definitely necessary (4,7). Prevalence of fleas of cats of dogs are examined 
worldwide. Concentrating on pets, particularly on cats and dogs, only a restricted 
number of flea species occur in large amounts with any regularity to be of 
importance as nuisance pests. Most abundant are Ctenocephalides felis felis, the 
cat flea, Ctenocephalides canis, the dog flea, Pulex irritans, the human flea, and 
Echidnophaga gallinacea as well as Ceratophyllus gallinae, fleas found on poultry 
(1, 2, 5, 6, 11, 12) 
 In order to gain current information on flea species (Siphonaptera: 
Pulicidae) infesting dogs and cats in Serbia area along with data on the factors that 
affect the presence, distribution and seasonality of infestation. Fleas were collected 
from dogs and cats presenting to private veterinary practices and Institute in 
Belgrade, Novi Sad, Pozarevac, Kraljevo and Sabac during 2009 and 2010.  
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Material and methods 
 

A total of 1342 dogs and 1378 cats from 22 different veterinary practices or 
clinics in Belgrade, Novi Sad, Pozarevac, Kraljevo and Sabac areas of Serbia were 
systematically examined between January and December 2009 and 2010. All dogs 
and cats appearing for a clinical veterinary consultation on two regular working 
days per month, per practice, were clinically examined. Dogs and cats were 
examined irrespective of any kind of prior therapeutic or prophylactic insecticidal 
treatment.  
The fleas were preserved in 95% ethanol and identified using morphological 
criteria. 
 

Results and discussions 
 
 Three flea species were found parasitizing dogs and cats. Ctenocephalides 
felis felis was the most abundant (79.21 % of fleas identified), followed by 
Ctenocephalides canis (19.29%) and Pulex irritans (1.50 %). Ct. felis was more 
abundant on dogs living in houses than in apartments, but the reverse was found 
for P. irritans. Overall flea abundance and Ct. canis abundance were highest in 
rural areas, whereas the presence of other pets sharing the abode was associated 
with higher overall flea abundance and Ct. felis felis abundance. Only P. irritans 
abundance was positively related to the activity of dogs. Ct. canis and P. irritans 
abundances were higher during the warm period of the year. Mean annual 
temperature was negatively correlated with overall, Ct. canis and P. irritans 
abundances, but positively related to Ct. felis felis abundance.  
 Our results are similar like results of examination by Beck et al. (1), Bond 
et al. (2) Kalvelage end Münster (6) and Rinaldi et al.(12) who occurred that Ct. 
felis felis was most abundance at dogs and cats. At same time examination 
performed by Farkas et al. (5) induced that Ct. canis was most abundant fleas 
species in dogs and cats in Hungary. 

Cats were more often flea-infested than dogs. The highest infestation rates 
for dogs were detected between Jun and October, and for cats between July and 
September, the lowest infestation rates for dogs and cats were observed between 
November and May. Although the prevalence was generally higher during the 
summer months, no statistical differences were detectable when looking at the 
pattern between the four seasons, neither for dogs, nor for cats. Interestingly, the 
highest prevalence in dogs was detected in June and comparatively, in cats in 
August. The lowest detection rates in dogs were seen in March and in cats in 
January. The preliminary results did not indicate any tendency for a relationship 
between climatic conditions and flea infestation rates.  
 Results of our examination of season distribution of fleas were similar like 
results of examination performed in various parts of Europe. In Germany the 
highest infestation rates for dogs were detected between July and October, and for 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 28 
 

 

cats between July and September, the lowest infestation rates for dogs were 
observed between November and May, and for cats between November and April 
(1). In southern Italy the prevalence was higher during the period between June 
and October (12). In Hungary, the highest prevalence of infestation on dogs 
occurred in August and the lowest in May. Prevalence of fleas on cats was the 
highest in July and lowest prevalence occurred in April (5). Similarly results are 
occurred in Mexico (3), and other parts of world (7).  
 In general, the abundance of adult cat fleas fluctuates with seasonal 
changes. The warm months of spring and summer give rise to the highest 
numbers, whereas few are found during the cold months of late fall and winter. 
Infestations of cat fleas consistently recur during the warm months of the year. No 
life stage of the cat flea can survive extended periods of subfreezing temperatures, 
and no reports of a diapausing stage exist. Furthermore cat flea populations are 
rarely detected on domestic hosts during winter months, but reinfestation of 
unknown origin are nevertheless common in spring and summer. 

Fleas serve as the vectors of many diseases dangerous to humans. Apart 
from this, the veterinary aspect of flea parasitism is also very important, with 
fleabite allergies and hypersensitivity being serious problems for both humans and 
pets. This induced vital importance of fleas‘ control. 
 Flea control can be challenging because of all the different places that 
must be treated. The goal of flea control is to eliminate existing adult fleas on pets; 
then take actions to eliminate larval fleas that develop off the animal. The first 
action is to treat the animal to kill adult fleas. The second part of managing fleas is 
to control the larval stage in the pet‘s environment by disrupting the flea life cycle 
and preventing the recurrence of adult fleas. This step begins by laundering and 
steam cleaning/vacuuming: Wash pet bedding in hot water to kill flea larvae. If 
animals sleep with family members, all bedding must be washed. Steam clean or 
vacuum carpets thoroughly everywhere the infested pet is allowed to roam. After 
laundering and vacuuming, it will be necessary to treat with an insect growth 
regulator (IGR) where pets spend time. When pets spend time outdoors, it may be 
necessary to treat outdoor areas, especially shady locations. Effective products 
which effectively control flea larvae with little to no negative impact on human or pet 
health include insect growth regulators (IGRs) (8, 9, 10, 13, 14). 
 

Conclusion 
 

A survey was conducted in order to gain current information on flea 
species (Siphonaptera: Pulicidae) infesting dogs and cats living from the areas of 
Belgrade, Novi Sad, Pozarevac, Kraljevo and Sabac, along with data on the factors 
that affect the presence, distribution and seasonality of infestation. From obtain 
results we concluded: 

1. The most abundant was Ctenocephalides felis felis (79.21 % of fleas 
identified), followed by Ctenocephalides canis (19.29%) and Pulex irritans (1.50 %). 
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2. Cats were more often flea-infested than dogs. 
3. The highest infestation rates for dogs were detected between Jun and 

October, and for cats between July and September. 
4. The lowest infestation rates for dogs and cats were observed between 

November and May. 
 

References 
 

1. Beck, W., Boch, K., Mackensen, H., Wiegand, B., Pfister, K.,Qualitative 
and quantitative  observations on the flea population dynamics of dogs and 
cats in several areas of Germany, Vet Parasitol., 2006, 137(1-2),130-136.  

2. Bond, R., Riddle, A., Mottram, L., Beugnet, F., Stevenson, R., Survey of 
flea infestation in dogs and cats in the United Kingdom during 2005, Vet Rec, 
2007,160(15),503-506.  

3. Cruz-Vazquez, C., Castro Gamez, E., Parada Fernandez, M., Ramos 
Parra, M., Seasonal occurrence of Ctenocephalides felis felis and 
Ctenocephalides canis (Siphonaptera: Pulicidae) infesting dogs and cats in 
an urban area in Cuernavaca, Mexico, J Med Entomol., 2001, 38(1), 111-
113.  

4. Dryden, M.W., Rust, M.K., The cat flea: biology, ecology and control, Vet 
Parasitol., 1994, 52(1-2), 1-19. 

5. Farkas, R., Gyurkovszky, M., Solymosi, N., Beugnet, F., Prevalence of 
flea infestation in dogs and cats in Hungary combined with a survey of owner 
awareness, Med Vet Entomol., 2009, 23(3), 187-194.  

6. Kalvelage, H., Münster, M., Ctenocephalides canis and Ctenocephalides 
felis infestations of dogs and cats. Biology of the agent, epizootiology, 
pathogenesis, clinical signs, diagnosis and control, Tierarztl Prax., 1991, 
19(2),200-206. 

7. Krasnov, B.R., Functional and Evolutionary Ecology of Fleas, A Model for 
Ecological Parasitology, ed.Cambridge University Press, Cambridge, 2006. 

8. McCoy, C., Broce, A.B., Dryden, M.W., Flea blood feeding patterns in cats 
treated with oral nitenpyram and the topical insecticides imidacloprid, fipronil 
and selamectin., Vet Parasitol. 2008, 156(3-4), 293-301.  

9. McTier, T.L., Shanks, D.J., Jernigan, A.D., Rowan, T.G., Jones, R.L., 
Murphy, M.G., Wang, C., Smith, D.G,, Holbert, M.S., Blagburn, B.L., 
Evaluation of the effects of selamectin against adult and immature stages of 
fleas (Ctenocephalides felis felis) on dogs and cats, Vet Parasitol., 2000, 
91(3-4), 201-212. 

10. Mehlhorn, H., Hansen, O., Mencke, N., Comparative study on the effects 
of three insecticides (fipronil, imidacloprid, selamectin) on developmental 
stages of the cat flea (Ctenocephalides felis Bouché 1835): a light and 
electron microscopic analysis of in vivo and in vitro experiments, Parasitol 
Res., 2001, 87(3), 198-207. 

http://www.ncbi.nlm.nih.gov/pubmed/18619735
http://www.ncbi.nlm.nih.gov/pubmed/18619735
http://www.ncbi.nlm.nih.gov/pubmed/18619735
http://www.ncbi.nlm.nih.gov/pubmed/18619735


LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 30 
 

 

11. Pavloviš, I., Vojinoviš, Dragica., Kulišiš, Z., The first occurence of the 
flea Ctenocephalides felis felis (Bouche, 1835) in chickens kept under 
intensive breeding condition, Acta Vet, 1995, 45(1), 49-52. 

12. Rinaldi, L., Spera, G., Musella, V., Carbone, S., Veneziano, V., Iori A., 
Cringoli, G., A survey of fleas on dogs in southern Italy, Vet Parasitol., 2007, 
148(3-4), 375-378.  

13. Ritzhaupt, L.K., Rowan, T.G., Jones, R.L.J., Evaluation of efficacy of 
selamectin, fipronil, and imidacloprid against Ctenocephalides felis in dogs. 
Am Vet Med Assoc., 2000, 217(11), 1669-1671. 

14. Schenker, R., Tinembart,O., Humbert-Droz, E., Cavaliero, T., Yerly, B., 
Comparative speed of kill between nitenpyram, fipronil, imidacloprid, 
selamectin and cythioate against adult Ctenocephalides felis (Bouché) on 
cats and dogs, Vet Parasitol., 2003, 112(3), 249-254. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 31 
 

PREVALENCE OF ENDOPARASITES, BY COPROSCOPICAL 
EXAMINATION, ON DOGS FROM SOME URBAN AND RURAL 

AREAS IN SOUTH OF ROMANIA  
 

IRINA IOANA COSTIN, VIOLETA ENĂCHESCU, ROXANA CIOPAŞIU, 
MARIANA IONIŢĂ, I.L. MITREA 

 
Faculty of Veterinary Medicine of Bucharest, University of Agronomical Sciences 

and Veterinary Medicine, 050097, Splaiul Independentei No. 105, Bucharest, 
Romania 

E-mail: costin.irina_83@yahoo.com 
 

Summary 

 
Uncontrolled population of stray and semi-domesticated dogs in close proximity of 

humans or other animals increases the risks of disease transmission. It is important to 
perceive dogs as a potential reservoir of parasitic infections. The aim of this study was to 
evaluate the prevalence of various intestinal parasites in dogs from some urban (Bucharest) 
and rural (Valcea County) areas in south of Romania. One hundred sixty-eight faecal 
samples were collected as follows: 134 from urban stray dogs and 34 from rural dogs. The 
faecal samples (134 from urban dogs and 34 from rural dogs) were examined by Willis 
flotation technique, followed by microscopy. Parasitic elements (eggs or oocysts) were 
identified in 111 of the samples analyzed, with an overall prevalence of 66.07%. Infestation 
with a single parasite genera was predominant, being found in 60 (54.05 %) of faecal 
samples, while simultaneous infections with two or more parasites were observed in 51 
(45.94%). The following parasites were detected and recorded in order of total prevalence of 
examined samples: Ancylostoma spp. in 83 samples (49.4%), Trichocephalus vulpis in 40 
samples (23.8% ), Toxocara canis in 21 samples (12.5%), Isospora spp. in 18 samples 
(10.71%), Dipylidium caninum in 14 samples (8.33%) and Taenia spp., Eimeria spp., 
Neospora caninum/Hammondia heydorni in equal proportion, each one being found in three 
samples (1.78%) and  Capillaria aerophila in one sample (0.59%). A higher prevalence of 
parasitosis was registered in dogs from rural areas, 85.29% (29/34), compared to those from 
urban areas (61.19%; 82/134). Overall all identified species of parasites had a higher 
prevalence in rural areas, except for Trichocephalus vulpis and Neospora 
caninum/Hammondia heydorni. Parasites with zoonotic potential were the most frequently 
observed, with a total prevalence of 61.9% from examined dogs. Stray dogs from shelter had 
a higher prevalence of parasitic infection (78.72%), than stray dogs from public places 
(51.72%).  Helminthic infections (63.69%) were more frequent than protozoan (12.5%). 

Key words: endoparasites, dogs, prevalence, Romania 

   
Parasitism is the most encountered disease in dogs all over the world (16). 

Uncontrolled population of stray and semi-domesticated dogs in close proximity of 
humans or other animals, in conjunction with the lack of veterinary attention and 
awareness of zoonotic potential of some parasites, increases the risks of disease 
transmission (13). Considering aspects related to public and animal health, study of 
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the prevalence of parasitic infections in dogs should, therefore, be a continuous 
task, the aim being establishment of control measures (10). The aim of this study 
was to evaluate the prevalence of endoparasites in dogs from some areas in south 
of Romania. 

 
Materials and methods 

 
The study was conducted during august 2010 - may 2011, on 168 dog 

faecal samples collected from some areas in south of Romania as follows: 134 
from urban stray dogs (Bucharest) and 34 from rural dogs (Valcea county).  Urban 
samples were collected from a dog shelter (47/134) and public places (87/134) 
from Bucharest, while rural samples were collected from places near a 
slaughterhouse from Bujoreni village (29/34) and some from sheepdogs from 
Stoenesti village (5/34). 

Faecal samples were collected in sterile plastic recipients from the rectal 
level or from ground. Each sample was recorded and kept cold (1-4°C) in the 
refrigerator until examination. The faecal samples were examined using flotation 
technique with saturated sodium chloride solution, followed by microscopy. The 
result was considered as positive when at least one parasite egg is present (6). For 
identification of endoparasites species was observed the morphology (the shape, 
appearance and size) of the parasitic elements eliminated in the dog faeces. 
Segments of Dipylidium caninum were identified macroscopically by characteristic 
morphology (shape of cucumber seeds). 
 

Results and discussions 
 
The coproscopical examination revealed infestations with protozoa and 

helminthes species. The results regarding the prevalence of intestinal parasites in 
dogs from areas taken in study are shown in Table 1. Parasitic elements (eggs or 
oocysts) were identified in 111 of the examined samples, with an overall 
prevalence of 66.07%. Infestation with a single parasite genera was predominant, 
being found in 60 (54.05%) of positive faecal samples, while simultaneous 
infections with two or more parasites were observed in 51 (45.94%) of positive 
samples.  

 
 
 
 
 
 

.          
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Table 1 
Situation of endoparasites infection in examined dogs from south of 

Romania 

Areas Categories of dogs 

No. of dogs 

Single parasitic 
infection no.(%) 

Multiple 
parasitic 
infection 

no.(%) 

Total no. of 
examined 

dogs 

With  
parasitic 
infection 
no.(%) 

Urban 
areas 

Stray dogs from 
shelter 

47 
37 

(78.72) 
24 

(64.86) 
13 

(35.13) 

Stray dogs from 
public places 

87 
45 

(51.72) 
28 

(62.22) 
17 

(37.77) 

Total 134 
82 

(61.19) 
52 

(63.41) 
30 

(36.58) 

Rural 
areas 

Stray dogs near a 
slaughterhouse 

29 
24 

(82.75) 
8 

(33.33) 
16 

(66.66) 

Sheepdogs 5 
5 

(100) 
 

0 
5 

(100) 

Total 34 
29 

(85.29) 
8 

(27.58) 
21 

(72.41) 

 
 There was a higher prevalence of dog endoparasites in rural areas, 

85.29% (29/34), compared to 61.19% (82/134) in urban areas. Single parasitic 
infection predominates in urban areas (63.41%), while in rural areas are more 
common multiple parasitic infections (72.41%).  

The prevalence observed in the present study was in agreement with a 
recent study conducted in different counties from Transylvania, Romania, which 
reported an overall prevalence of endoparasites in dogs of 61.2% (8). 

The following parasites and their prevalence were detected and recorded 
(table 2), in decreasing order: Ancylostoma spp. in 83 samples (49.4%), 
Trichocephalus vulpis in 40 samples (23.8% ), Toxocara canis and Dipylidium 
caninum in equal proportion, each one being found in 21 samples (12.5%), 
Isospora spp. in 18 samples (10.71%), and Taenia spp., Eimeria spp., Neospora 
caninum/Hammondia heydorni in equal proportion, each one being found in three 
samples (1.78%) and Capillaria aerophila. in one sample (0.59%). Neospora 
caninum/Hammondia heydorni outcomes were grouped due to the impossibility of 
differentiating the oocysts of the two species. 

Overall, all identified species of parasites had a higher prevalence in rural 
areas, except for Trichocephalus vulpis and Neospora caninum/Hammondia 
heydorni witch had a higher prevalence in urban areas.  

Helminthic infections were more frequent than protozoan, both in urban 
and rural areas (Table 3). Helminthic infections were found in 107 of 168 dogs 
(63.69%). The most common helminth was Ancylostoma spp., found in 83 of 168 
dogs (49.4%). Protozoal infections were found in 21 of 168 dogs (12.5%), with 
genus Isospora as predominant parasite (10.71%).  
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         Table 2 
Prevalence of identified endoparasites in examined dogs from south of 

Romania 

Parasites 
No. of positive 
samples from 

urban areas (%) 

No. of positive 
samples from rural 

areas (%) 
Total no. (%) 

Ancylostoma spp. 57 (42.53) 26 (76.47) 83 (49.4) 

Trichocephalus vulpis 35 (26.11) 5 (14.7) 40 (23.8) 

Toxocara canis 7 (5.22) 14 (41.17) 21 (12.5) 

Dipylidium caninum 12 (8.95) 9 (26.47) 21 (12.5) 

Isospora spp. 8 (5.97) 10 (29.41) 18 (10.71) 

Taenia spp. 1 (0.74) 2 (5.88) 3 (1.78%) 

Eimeria spp. 0 3 (8.82) 3 (1.78%) 

Neospora caninum/Hammondia 
heydorni 

 
3 (2.23) 

 
0 

 
3 (1.78%) 

Capillaria aerophila 0 1 (2.94) 1 (0.59%) 

 
Table 3  

Compared situation of intestinal helminthic and protozoan infections in 
examined dogs 

Helminthic infections  Protozoal infections 

 
Parasite species 

No. of positive 
specimens (% of total 

specimens) 

 
Parasite species 

No. of positive 
specimens (% of 
total specimens) 

Ancylostoma spp. 83 (49.4)  
Isospora spp. 

 
18 (10.71) Trichocephalus vulpis 40 (23.8) 

Toxocara canis 21 (12.5)  
Eimeria spp. 

 
3 (1.78%) Dipylidium caninum 21 (12.5) 

Taenia spp. 3 (1.78%) Neospora 
caninum/Hammondia 
heydorni 

 
3 (1.78%)  

Capillaria aerophila 
 

1 (0.59%) 

Total 107/168 (63.69%)  21/168 (49.4%) 

 
The predominance of helminthic upon enteric protozoan infections in dogs 

observed here is similar to another study from Spain (53.27% nematodes, 15.77% 
cestodes and 31.83% protozoa) (7).  

Since dogs live in close proximity with humans, there are zoonotic 
parasites that can be transmitted to humans and cause serious consequences. 
Some of these parasites are responsible for important zoonotic diseases such as 
echinococcosis, and larva migrans (toxocariosis, ancylostomatidosis) (7). Among 
all parasites, agents with zoonotic potential including Ancylostoma spp., 
Trichocephalus vulpis, Toxocara canis and Taenia spp. were detected in 61.9% 
(104/168) of all examined dogs. This must be an alarm signal because the total 
prevalence of zoonotic parasites has a very close value to that of total prevalence 
(66.07%) of dog parasites founded in those areas. Not all Taenia species from dog 
have zoonotic potential. Echinococcus granulosus causes human hidatidosis, but 
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his prevalence could not be established by coproscopical examination alone 
because tapeworms from Taeniidae familily shed similar eggs. 

In both canine populations (urban and rural), Ancylostoma spp. (49.4%) 
and Trichocephalus vulpis (23.8%) were the most prevalent parasites. Ancylostoma 
spp. had a higher prevalence in rural areas (76.47%), while Trichocephalus vulpis 
in urban areas (26.11%). The most common association was between 
Ancylostoma spp. and Trichocephalus vulpis, diagnosed in 48 (28.57%) of 168 
dogs. This may be explained by the fact that both parasites species have an 
immunosuppressant action that favors other parasitic infection. In addition 
Ancylostoma spp. have a short life cycle and produces a large number of eggs (9). 

In urban area hookworm infection was higher in shelter dogs (70.21%) than 
stray dogs from public places (26.82%). This fact may be a consequence of many 
factors as agglomeration and subnutrition of animals correlated with lack of shelter 
hygiene and simultaneous parasitic infections (9). Ancylostoma spp. has been 
referred to as one of the most frequent intestinal parasite of dogs in Romania 
(17.6%)(8) and other countries: Brazil (73.7%,(5); 37.8%, (3), China (66.3%)(14), 
Mexico (42.9%)(2). This results indicates hookworms as one of the most 
widespread endoparites of dog.  

A. caninum is one of the most pathogenic species for dogs, while larvae 
and adults of different Ancylostoma species are involved in human infections (3). 

The high prevalence of T. vulpis (23.8%) observed in the present study is 
in agreement with similar studies from our country. Mircean et al. (8), in a study 
assessed in 2007-2011 in different counties from Transylvania, found T. vulpis as 
the most common parasite among dogs, with a prevalence of 22.7%. In other 
countries the prevalence of T. vulpis was lower: 21.6% in Albania (15), 10.1% in 
Italy (11), 7.1% in Brazil (3), 1.67% in Ethiopia (17). The high prevalence of T. 
vulpis is important given the zoonotic role of this whipworm (1). Also we have to 
take into account that this parasite is resistant to the administration of many 
antihelmintic drugs. 
 The overall frequency of Toxocara canis (12.5%) obtained here is 
comparable to those obtained by Mircean et al. (8) in a previous study performed in 
Romania (14.3%), but lower than the prevalence obtained by Xhaxhiu el al. (15) in 
Albania (75.7%), and higher than that obtained by Rinaldi et al. (11) in Italy (0.7%). 
The human infection by T. canis is the most commonly acquired zoonoses from 
companion animals in the United States, despite decrease in the prevalence of 
infected dogs in the last two decades (12). 

Dipylidium caninum was found in a prevalence of 12.5%, different from the 
prevalence of 1.3% found in Transylvania (8). In other countries prevalence of this 
species obtained by coproscopical examination was variable: 25.71% in Ethiopia 
(17), 7.1% in Brazil (3). 
 Capillaria aerophila was encountered only in one dog (0.59%), while 
Mircean et al. (8) found a prevalence of 6.2%.  
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Many parasitic elements (eggs, oocysts) are eliminated along with dog 
faeces in public places which are becoming true reservoirs for different parasitic 
diseases, one of them with zoonotic potential. 

It is important to inform the population, especially dog owners about the 
potential risk of parasitic zoonoses transmitted by dog faeces. 

 
Conclusions 

 
The research concerning the prevalence of endoparasites on dogs from 

some areas in south of Romania resulted in the following useful conclusions for 
development and modification of control measures in animal and public health: 

The overall prevalence of dog endoparasites detected in this study was 
66.07% and 54.05 % of dogs had a single parasite genera infection. 

A higher prevalence of parasitosis was registered in dogs from rural areas, 
85.29% (29/34), compared to those from urban areas (61.19%; 82/134), except for 
Trichocephalus vulpis and Neospora caninum/Hammondia heydorni which were 
predominant in the urban dogs. 

In both canine populations (urban and rural), Ancylostoma spp. (49.4%) 
and Trichocephalus vulpis (23.8%) were the most prevalent parasites.  

Parasites with zoonotic potential were the most frequently observed, with a 
total prevalence of 61.9% from examined dogs: Ancylostoma spp. (49.4%), 
Trichocephalus vulpis (23.8%), Toxocara canis (12.3%) and Taenia spp.(1.78%).  

Stray dogs from shelter had a higher prevalence of parasitic infection 
(78.72%), than stray dogs from public places (51.72%).   

Sheepdogs had a 100% prevalence of parasitic infection, all of them being 
simultaneous infections with two or more parasites.  

Helminthic infections (63.69%) were more frequent than protozoan 
(12.5%). 
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Summary 

 
Demodicosis is one of the most important dog skin diseases. The hair follicle mites 

can be also found in other animal species like cats, horses, cattle and others, including 
humans. This paper describes the first case of demodicosis due to Demodex cornei in 
Western Romania. A one month old puppy was diagnosed with a generalized double 
infestation with Demodex mites: D. canis and D. cornei. 30 days after onset of treatment D. 
cornei was no more identified in skin scrapings, but D. canis was still present. 40 days after 
onset of treatment no clinical signs were seen, but the puppy still was positive to mites in 
skin scrapings. 60 days after onset of treatment the puppy was cured. 

Keywords: dog, Demodex cornei, D. canis, first mention, Western Romania.  

 
Demodicosis is a common dermatosis in dogs, but also in other species, 

including humans. It is frequently encountered in veterinary practice. Usually, the 
altered skin condition is associated with the overproliferation of the mite Demodex 
canis.  

Actually, Demodex mites are ectoparasites, and D. canis is considered a 
normal inhabitant of the hair follicle and sebaceous gland. They are transmitted to 
the puppies by the infested dam during nursing via direct contact.  The onset of the 
disease occurs when the immune response of the dog is altered and mites 
proliferate excessively.  

For a long time, D. canis was considered the only species that affects 
dogs. But, in the past few years, two other species, D. injai (large-bodied mite) and 
D. cornei (short-bodied mite), were described. D. injai was identified in USA, 
Australia, and Spain (4 - 6, 8, 9), and D. cornei in USA, China, Japan, Australia, 
Venezuela, and several European countries (1 - 3, 5, 7, 10, 11). 

 
Case history 

 
In January 2011, a mongrel puppy was brought to the Dermatology Clinic 

of Faculty of Veterinary Medicine Timișoara. The male puppy aged 1 month. 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 39 
 

  
Fig. 1. Mongrel dog with scabby-like lesions 

on the trunk. 

Fig. 2. Same dog with scabby-like lesions 

on the head. 

  
Fig. 3. Demodex cornei in skin scraping 

(100 x). 

Fig. 4. Demodex cornei in skin scraping, 

under a hair (100 x). 

  
Fig. 5. Two Demodex cornei (black arrows) 

and two D. canis in skin scraping (40 x). 

Fig. 6. Demodex cornei in skin scraping 

near the edge of slide  

(40 x). 
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Lesions were generalized, but more severe on the head and dorsum 
(Figure 1 and 2). Numerous pustules, scales and crusts were observed on the 
limbs, head, neck, dorsum, belly, and tail. The lesions were scabby-like and large 
areas of diffuse alopecia accompanied them. Also, epidermal collarettes, erythema, 
swelling, discomfort, hyperpigmentation, lichenification, follicular casting, papules, 
folliculitis/furunculosis were noticed.   

On skin scrapings large amounts of short bodied Demodex were observed 
(Figure 3, 4 and 6). It was identified as D. cornei, but also D. canis was seen 
(Figure 5). 

Treatment has been quickly established. First choice was 25 mg/kg/day Synulox 

(twice daily) to reduce secondary bacterial complications. After that, Amitraz bathing, three 

times a week, was the typically miticidal therapy applied. 

Also, omega-3 and omega-6 were administered on a regular schedule. Liv52 two 

tablets daily to protect the liver were administered for one month. Levamisole 2.5 mg/kg 

two consecutive days/week three weeks was used to increase the immune status. 

The puppy was examined weekly by skin scrapings for the presence of 
Demodex mites. At two weeks after onset of the treatment the clinical signs have 
been improved significantly. 30 days after onset of treatment D. cornei was no 
more present in skin scrapings, but D. canis was still there. 40 days after onset of 
treatment no clinical signs were seen, the hair regrowth normally, but the puppy still 
was positive to mites in skin scrapings. 60 days after onset of treatment the puppy 
was cured. 
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Summary 
 

The aim of this study was epidemiological surveillance of dogs from Timiş County 
for establishing seroprevalence of anti Borrelia burgdorferi sensu lato antibodies by 
immunofluorescence antibodies test. 85 blood samples were collected from dogs from Timiş 
County. From serum samples presence of IgG antibodies against Borrelia Burgdorferi by 
IFAT was tested with MegaScreen® FLUOVET® (Diagnostik MegaCor, GmbH) kit. Four out 
of 85 serum samples from dogs were positive for antibodies against B. burgdorferi sl. at 
IFAT FluoBorrelia. The prevalence of antibodies in serum samples from dogs was 4.7%. 
During the study were not serologically positive females identified, all the positively dogs 
were de male.  

Key words: Borrelia, Dog, Immunofluorescence, Borrelia burgdorferi, Antibodies, 

Diagnosis 

 
Canine Borreliosis or Canine Lyme disease (CLD) is the most common 

tick-borne infection in both Europe and the United States (12). 
Four subgroups of the genus Borrelia have been identified with Borrelia 

burgdorferi sensu stricto being the most common isolate in the United States that 
consistently produces clinical disease in the dog. Two additional Borrelia species, 
Borrelia afzelii and a Borrelia garrini have been isolated from dogs with neurologic 
manifestations, uveitis, lymphadenopathy and joint disease (15). 

Etiological agents are tick-transmitted spirochetes of the Borrelia (B.) 
burgdorferi complex (Borrelia burgdorferi, B. garinii and B. afzelii). It comprises a 
wide spectrum of symptoms affecting skin, musculoskeletal system, heart, eyes, 
central and peripheral nervous system (12).  

B. burgdorferi sensu stricto, B. afzelii, and B. garinii, have been described 
in association with various clinical manifestations due to different organotropism in 

humans (11) which implies that differences in tissue affinity might also be 

expected in the canine host (6). 
In dogs, borreliosis has been associated with acute arthritis, arthralgia, 

neurological abnormalities, renal lesions and cardiac impairment (1, 2). In 
experimentally infected dogs, the clinical hallmark of borreliosis is an acute mono- 
or oligoarthritis accompanied by enlarged regional lymphnodes (14) whereas in 
naturally infected dogs pathognomonic clinical signs do not occur.  
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The diagnosis of canine borreliosis is based on epidemiological aspects, 
clinical findings in combination with detection of specific IgM and/or IgG antibodies 
and response to antibiotics (5, 7, 8). Diagnostic problems arise from patients with 
non-specific symptoms and positive IgG antibody detection (13). 

The aim of this study was epidemiological surveillance of dogs from Timiş 
County for establishing seroprevalence of anti Borrelia burgdorferi sl. antibodies by 
immunofluorescence antibodies test. 

 
Materials and methods 

 
During period March 2009 - February 2011, 85 blood samples were 

collected from dogs from Timiş County. Dogs were presented at the Clinics of 
Parasitology and Parasitological Diseases and Small Animal Internal Medicine of 
Veterinary Medicine Faculty, Timişoara, Romania. 

EDTA-blood was collected in sterile vaccutainers. Serum was prelevated 
and stored at - 20°C until further processed. From serum samples presence of IgG 
antibodies against Borrelia Burgdorferi by IFAT was tested with MegaScreen® 
FLUOVET® (Diagnostik MegaCor, GmbH) kit (fig. 1). 

 
 

Fig. 1. The kit used for immunofluorescence antibodies test 
 
The slides containing fixed blood infected with Borrelia Burgdorferi 

(Megacor, Germany) were stabilised at room temperature 1 hour before using. 
Serum samples for testing were diluted 1:32 in PBS and 20 µl were pipetted onto 
the circumscribed areas. 

The slides were incubated in the humid chamber at 37°C for 30 minutes. 
After washing, 1 drop of Dog-IgG-FITC Conjugat was added to each delimited area 
and then incubated for another 30 minutes.  

The slides were then washed and 2 drops of mounting fluid was added 
between the slight and the cover slip. The slides were examined under a 
fluorescence microscope with 40x objective. 

Those that had fluorescence in the periphery of the protozoa were 
considered positive. The negative reactions didn‘t present any florescence.  
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Results and discussions 
 

Dogs subjected to the study were aged between 4 months and 13 years 
old. Animals under study were represented by 32 females and 53 males belonging 
to 30 different breeds. 

Four out of 85 serum samples from dogs were positive for antibodies 
against B. burgdorferi sl. at IFAT FluoBorrelia. The prevalence of antibodies in 
serum samples from dogs was 4.7%. 

Seropositive individuals due to vaccination against B. burgdorferi could be 
excluded because vaccination is not available in Romania actually. 

Fever was a clinical sign present at 29 dogs from 85, 34.11%, the rest did 
not show increased body temperature. Among Borrelia canis s.l. serologically 
positive dogs diagnosed, one has a fever, 25% and three do not, 75%. 

Regarding the presence of ticks on animals, were observed in 14 of the 85 
dogs subjected to study, 16.47%. Among Borrelia canis s.l. serologically positive 
dogs diagnosed, three has a tiks, 75% and one do not, 25%. 

All the positively dogs were de male, part of the four breeds (one – half 
breed, one – Bull Terrier, one – Cocker and one Schnautzer). 

Dogs with age of 1.6, 2, 3, and 9 years old were serologically positive. Do 
not were identified serologically positive cases under the age of 1.6 years old. 

From the point of view of the human disease, dogs are the most important 
animal reservoir of Lyme borreliosis; therefore, they are used as sentinel animals 
(9, 10). 

The most commonly used laboratory tests are based on the detection of 
antibodies against B. burgdorferi sl. Specificity of serological methods might be 
deceptive due to cross reacting antigens of spirochetes and related bacteria. 
Evidence of specific antibodies does not definitively indicate a clinically significant 
canine borreliosis but serologic screening of scientifically selected populations may 
yield useful epidemiologic information. According to Fritz and Kjemtrup, (5) 
serological testing should be restricted to dogs which are highly suspective for 
active canine borreliosis. 

Comprehensive studies regarding canine borreliosis are still rare and to the 
authors knowledge the present study comprises the most extensive field study 
conducted in Europe so far. Borreliosis in dogs is often overestimated in more than 
40% of the patients (13).  

One study effectuated at the Clinic for Small Animal Internal Medicine, 
Vetsuisse Faculty, University of Zurich, Zurich, Switzerland showed twenty-one out 
of 98 (21%) serum samples from dogs were positive for antibodies against B. 
burgdorferi sl. (13). 

Delgado and Cármenes (4) were estimated the prevalence of canine 

borreliosis (Lyme disease) in Castilla y León, the largest region in Spain by indirect 

immunofluorescence assay (IFA), using the Borrelia burgdorferi B31 strain as 

antigen at 21%. Potential risk factors (age, sex, use, habitat, season, and presence 

http://www.springerlink.com/content/?Author=Silvia+Delgado
http://www.springerlink.com/content/?Author=Pedro+C%c3%a1rmenes
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of ticks on the animals) relating to the presence of antibodies were evaluated. 

Those dogs which had at some time had ticks were more often seropositive, at 

24.2%, than those which had never had them, at only 6.2%. No significant 

differences were discovered for the remaining factors studied.  

A population of 731 naturally exposed pet dogs examined at a private 

practice in Baxter, Minnesota, an area endemic for Lyme disease and 

anaplasmosis, was tested by serological method for evidence of exposure to or 

infection with selected vector-borne pathogens. Serum samples were tested by 

enzyme-linked immunosorbent assay (ELISA) for Borrelia burgdorferi antibodies. 

Antibodies to only B. burgdorferi were detected in 11% dogs (3). 
 

Conclusions 
 
The prevalence of antibodies against B. burgdorferi sl. at IFAT FluoBorrelia 

in serum samples from dogs in Banat area was 4.7%. 
During the study were not serologically positive females identified, all the 

positively dogs were de male from four different breeds. 
Do not were identified serologically positive cases under the age of 1.6 

years old and only between 1.6 and 9 years old. 
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Summary 
 

In this study blood was collected from 94 dogs older than 2 months from Timis 
County. From serum samples presence of IgG antibodies against Ehrlichia canis by IFAT 
was tested with MegaScreen® FLUOVET® (Diagnostik MegaCor, GmbH) kit. Thirteen out of 
94 serum samples from dogs were positive for antibodies against Ehrlichia canis at IFAT 

FluoEhrlichia. The prevalence of antibodies in serum samples from dogs was 13.8%. The 
presence of E. canis antibodies in the serum of dogs in Timis County was demonstrated for 
the first time and is indicative of canine infection with Ehrlichia. The seroprevalence of E. 
canis infections in dogs from our study was lower than prevalence in dogs from other study, 

but large enough to worry us. In this study, the exposure rate was similar between males 
and females and no significant sex differences were detected.  

Key words: Ehrlichia canis, Dog, Serology, Diagnosis 

 
Ehrlichiosis also known as canine rickettsiosis, canine hemorrhagic fever, 

canine typhus, tracker dog disease, and tropical canine pancytopenia) is a tick-
borne disease of dogs usually caused by the organism Ehrlichia canis. Ehrlichia 
canis is the pathogen of animals. Humans can become infected by E. canis and 
other species after tick exposure. German Shepherd dogs are thought to be 
particularly affected by the disease, other breeds generally have milder clinical 
signs. Cats can also be infected. 

Dogs are susceptible to a number of ehrlichial diseases. From the genera 
Ehrlichia (Ehrlichia canis, E. chaffeensis, E. ewingii,) have been reported from 
domestic dogs. Canine monocytotropic ehrlichiosis in dogs is caused by either E. 
canis or E. chaffeensis. E. canis is a common pathogen of domestic dogs that has a 
worldwide distribution. Canine granulocytotropic ehrlichiosis is caused by E. ewingii. 
This species is believed to share a similar natural history as E. chaffeensis with 
white-tailed deer as a potential reservoir and the lone star tick as a vector (2, 25).  

Among them, canine monocytic ehrlichiosis is an important and potentially 
fatal disease of dogs caused by the rickettsia Ehrlichia canis.  

Ehrlichia canis infection is a tick-borne disease of dogs. Tick-borne 

bacteria are significant pathogens of domestic dogs and potentially are of public 

health significance.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4R53WJ0-5&_user=5611402&_coverDate=02%2F14%2F2008&_alid=1724922526&_rdoc=51&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=134&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=6f6876fb73aec8d07541444f919db2e2&searchtype=a#bib40
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Ehrlichia is a Gram-negative obligatory intracellular bacterium that form 

microcolonies within membrane-bound cytoplasmic vacuoles called morulae with 

a tropism for monocytes and macrophages.  

It was first described in 1935 in Algeria, associated with acute cases of 
fever and anemia in several dogs (7).  

E. canis is transmitted by the brown dog tick Rhipicephalus sanguineus (9, 
12). E. chaffeensis is transmitted by Amblyomma americanum, Dermacentor 
variabilis and E. ewingii by R. sanguineus, A. americanum, D. variabilis (17). 

Tick is worldwide distributed. The distribution of this vector is likely related 
to the prevalence of the disease caused by Ehrlichia (15).  

Diagnosis of the disease relies heavily on the detection of antibodies and is 
usually carried out using the indirect immunofluoresence antibody (IFA) test.  

Clinical diagnosis is based on the three phases: acute, subclinical, and 
chronic. Clinical signs usually described in canine ehrlichiosis are fever, 
depression, anorexia, weight loss, hemorrhages, epistaxis, gastrointestinal signs 
like vomiting or diarrhea, respiratory disorders and ocular signs. Laboratory findings 
most frequently determined are thrombocytopenia, leukopenia, anemia and 
hipergammaglobulinemia (1). 

 
Materials and methods 

 

Animals and sample collection 

Blood was collected from 94 dogs older than 2 months from Timis County. 
This included samples from pet dogs referred to the Parasitology and Parasitical 
Diseases and Small Animal Pathology Clinics of the Faculty of Veterinary Medicine.  

Serologic testing 

EDTA-blood was collected in sterile vaccutainers. By Diff-Quik stained 
blood smears were searched typical morulae in monocytes. 

Serum was prelevated and stored at - 20°C until further processed. From 
serum samples presence of IgG antibodies against Ehrlichia canis by IFAT was 
tested with MegaScreen® FLUOVET® (Diagnostik MegaCor, GmbH) kit. 

The slides containing fixed blood infected with Ehrlichia canis (Megacor, 
Germany) were stabilised at room temperature 1 hour before using. Serum 
samples for testing were diluted 1:32 in PBS and 20 µl were pipetted onto the 
circumscribed areas. 

The slides were incubated in the humid chamber at 37°C for 30 minutes. 
After washing, 1 drop of Dog-IgG-FITC Conjugat was added to each delimited area 
and then incubated for another 30 minutes.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4DFK8WR-2&_user=5611402&_coverDate=11%2F10%2F2004&_alid=1724619884&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=197&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=c4c9275aa8848abd15d211c875e561e3&searchtype=a#bib5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4DFK8WR-2&_user=5611402&_coverDate=11%2F10%2F2004&_alid=1724619884&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=197&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=c4c9275aa8848abd15d211c875e561e3&searchtype=a#bib18
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The slides were then washed and 2 drops of mounting fluid was added 
between the slight and the cover slip. The slides were examined under a 
fluorescence microscope with 40x objective. 

Those that had fluorescence in the periphery of the protozoa were 
considered positive. The negative reactions didn‘t present any florescence.  

Statistical analysis 

Prevalence of infectious agents among dog groups and categorical risk 

factors (sex, breed) for infection were compared using the Microsoft Office Excel, 

with one-way ANOVA and ttest. 

 
Results and discussions 

 
Thirteen out of 94 serum samples from dogs were positive for antibodies 

against Ehrlichia canis at IFAT FluoEhrlichia c. The prevalence of antibodies in 
serum samples from dogs was 13.8%. 

In blood smears typical morulae of Ehrlichia canis were not observed in 
monocytes. 

Dogs subjected to the study were aged between 2 months and 13 years 
old. The positive serum was preserved from dogs with age between 1 and 10 years 
old (1, 2, 2.5, 3, 3.5, 4, 8, 10). Do not were identified serologically positive cases 
under the age of 1 years old. 

Animals under study were represented by 39 females and 55 males 
belonging to 30 different breeds. 

Fever was a clinical sign present at 35 dogs from 94, 37.2 %, the rest did 
not show increased body temperature. Among Ehrlichia canis serologically positive 
dogs diagnosed, seven has a fever, 53.8%, all male and six do not, 46.2%. 

Regarding the presence of ticks on animals, were observed in 19 of the 94 
dogs subjected to study, 20.2%. Among Ehrlichia canis serologically positive dogs 
diagnosed, four has a tiks, 30.8% and nine do not, 69.2%. 

Among the positively dogs nine were de male and four ware female, part of 
the 10 breeds (four – half breed and nine different breeds). 

The prevalence of Ehrlichia canis is very dependent on the distribution of 
their vectors. The seroprevalence of E. canis antibodies in dogs in Mexico, Egypt, 
Israel, Brasil, Spain, Japan, Turkey, is 44,1% (18), 33% (5), 30% (3), 22.8% (21), 
19% (19), 18% (23), 21% (4), respectively.  

Hamel et al., 2011, article in press (10), find the E. canis seroprevalence of 
0.9% in dogs from Germany, 4.9% in travelled dogs, 10.1% or 23.4% in dogs 
imported to Germany or Austria (11, 14) and 87.5% in military dogs in Corsica (6). 

In the present study, we found the seroprevalence of E. canis to be 13.8%. 
The variation in seroprevalence found in different countries may be due to certain 
epidemiological factors, such as the distribution of the vector, animal behavior, and 
the average age of the study population.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4DPYMX0-1&_user=5611402&_coverDate=01%2F04%2F2005&_alid=1752560941&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=44&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=adafae4f2c90ba52955316bf0d985565&searchtype=a#bib3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4DPYMX0-1&_user=5611402&_coverDate=01%2F04%2F2005&_alid=1752560941&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=44&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=adafae4f2c90ba52955316bf0d985565&searchtype=a#bib1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4DPYMX0-1&_user=5611402&_coverDate=01%2F04%2F2005&_alid=1752560941&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=44&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=adafae4f2c90ba52955316bf0d985565&searchtype=a#bib20
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-4DPYMX0-1&_user=5611402&_coverDate=01%2F04%2F2005&_alid=1752560941&_rdoc=3&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=44&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=adafae4f2c90ba52955316bf0d985565&searchtype=a#bib2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD7-52NBSGP-6&_user=5611402&_coverDate=04%2F19%2F2011&_alid=1752560941&_rdoc=13&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5191&_sort=r&_st=13&_docanchor=&view=c&_ct=44&_acct=C000067007&_version=1&_urlVersion=0&_userid=5611402&md5=ba1cec56b5422ffa40e280daaa0f72cb&searchtype=a#bib0040
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Some seropositive dogs may be related to a cross-reactive response with 
other Ehrlichia spp. (13, 20, 24). 

The incubation period in experimental infections is between 8 and 20 days, 
followed by an acute phase of up to 4 weeks. The titres of antibody may persist for 
years post infection or in the case of chronic infections (8, 10, 16, 22, 26). 

Diagnosis of E. canis infection is difficult because of the cyclic nature of the 
infection. Intracytoplasmic E. canis morulae are occasionally visible microscopically 
during the acute stage of the disease (18). 

 
Conclusions 

 
The presence of E. canis antibodies in the serum of dogs in Timis County 

was demonstrated for the first time and is indicative of canine infection with 
Ehrlichia. 

The seroprevalence of E. canis infections in dogs from our study was lower 
than prevalence in dogs from other study, but large enough to worry us. 

In this study, the exposure rate was similar between males and females 
and no significant sex differences were detected.  
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Summary 
 

Diarrheic fecal samples from 116 lambs originating from nine sheep farms located 
in western Romania were microscopically screened for the presence of Cryptosporidium 

oocysts using direct smear technique. Overall, 15 (12.9%) samples were found positive. Two 
samples were subjected to molecular analysis by polymerase chain reaction (nested PCR) in 
two steps of SSU rRNA gene followed by RFLP analysis with SspI, VspI and MboII 
restriction enzymes. The restriction patterns showed characteristic bands for 
Cryptosporidium parvum. These results suggest that C. parvum isolates originating from 
lambs have zoonotic potential.  

Key words: Cryptosporidium, lamb, western Romania, occurrence 

 
The protozoan Cryptosporidium spp. is an important cause of diarrhea in 

lambs, but it can also infect other animals and humans (2, 3, 9).  
Cryptosporidium infection in lambs was first described in Australia by 

Barker and Carbonell (1974). Infections in young animals are often characterized 
by profuse watery diarrhea with acute onset (2, 10).  

Sheep are mainly infected with following species: C. parvum, C. xiaoi and 
C. ubiquitum. In natural infections other four species (C. hominis, C. suis, C. 
andersoni and C. fayeri) and one genotypes (C. pig genotype II) have already been 
identified (4, 10).  

Currently, there are only ten countries (Australia, Belgium, Brazil, China, 
Italy, Romania, Spain, Tunisia, UK and USA) where molecular epidemiology 
studies have been conducted (2). Because pre-weaned lambs are an important 
animal host for this parasite they should be considered the most important source 
of zoonotic cryptosporidiosis.  

The aim of the present study was to characterize the distribution of 
Cryptosporidium infection and assessment of zoonotic risk in pre-weaned lambs in 
few sheep farms in western Romania.  
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Materials and methods 
 

Between January and March 2011, fecal samples from 116 lambs with 
diarrhea were collected from eight farms, located in Western Romania. The 
samples were collected directly from the rectum in sterile plastic bottles and were 
microscopically examined through direct smear technique (under 1000x 
magnification) for the Cryptosporidium oocysts identification. 

For genetic characterization, two microscopically positive samples were 
selected for PCR-RFLP analyses. DNA was extracted from fecal samples using the 
QIAamp

®
 DNA Stool Mini Kit (Qiagen GmbH, Hilden, Germany) according to the 

manufacturer's instructions. 
The SSU rRNA (18S) gene was used as target for nested PCR and RFLP 

techniques. 
The nested polymerase chain reaction protocol was performed in two steps and 

the reactions were prepared in 25 µl volumes according to Xiao and Ryan 2008. 
The specific primers used were SSU-F2 forward (5´-TTCTAGAGCTAA- 

TACATGCG-3´) and SSU-R2 reverse (5´-CCCATTTCCTTCGAAACAGG A-3´) for 
primary PCR and SSU-F3 forward (5´-GGAAGGGTTGTATTATTAGATAAAG-3´) 
and SSU-R4 reverse (5´-AAGGAGTAAGGAACA ACCTCCA-3´) for secondary 
PCR (10). Amplification products (10 µl) were separated using horizontal gel 
electrophoresis on a 1.5% agarose multi-purpose gel.  

Restriction Fragment Length Polymorphism Analyses (RFLP) of SSU rRNA 
(18S) gene PCR products was performed according to Feng et al. (2007). For 
detection and differentiation of Cryptosporidium species or genotypes 5 µl of the 
secondary nested PCR product was subjected to restriction digestion with the 
conventional VspI and SspI enzymes (10). Also, for the differentiation of C. parvum, 
C. bovis, and C. deer-like genotype the isolates were digested with MboII restriction 
enzyme (3). The restriction digestions were carried out 37°C for 2h. RFLP products 
were analyzed on 1.5% agarose gel and visualized after ethidium bromide staining. 
Gel images were visualized under UV light and were captured with a gel 
documentation system. 
 

Results and discussions 
 
The results are summarized in Table 1. Fifteen out of 116 lambs (12.9%) were 

tested positive for Cryptosporidium by microscopy using direct smear technique. Overall, 
three farms out of eights were found to be free of Cryptosporidium and the percentage of 
infected lambs in five farms varied markedly between 5.6 and 100%. 

Two isolates from infected lambs, processed through RFLP analysis of the 
secondary PCR amplicons with SspI, VspI and MboII endonucleases, showed 
characteristic bands for C. parvum (three visible bands of 450, 267 and 108 bp for SspI; 
two of 629 and 115 bp for VspI; and two of 771 and 76 bp for MboII, respectively) (Fig. 1; 
3, 10). 
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Table 1 
Distribution of Cryptosporidium infection in lambs according to farms in 

Western Romania 

County Farm(s) 
No. of animals 

screened 
No. of positive 
samples (%) 

Species 
identified 

Arad I 8 2 (25%)  

Bihor I 15 0  

Caras-Severin I 4 0  

Satu-Mare I 20 0  

Timis 

I 18 1 (5.6)  

II 21 4 (19)  

III 5 5 (100) C. parvum (2) 

IV 25 3 (12)  

Total  116 15 (12.9)  

 
In the present study C. parvum was the only species found in two 

examined samples. The presence of this zoonotic species, in this area, suggests 
that these animals can be reservoirs for human infections. 

In this report, similarly with results of other studies conducted in Romania 
(5) Spain (7) and United Kingdom (1), C. parvum was the only identified species in 
lambs with diarrhea. 

 

 
Fig. 1 Gel electrophoresis of Cryptosporidium SSU rRNA nested PCR-RFLP products 
showing restriction fragments specific to C. parvum. Lanes 1, 5, 1' and 5': molecular weight 

marker (100 bp Ladder); Lane 2 and 2': digested product with VspI restriction enzyme; Lane 
3 and 3': digested product with SspI restriction enzyme; Lane 4 and 4': digested product with 
MboII restriction enzyme 
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In contrast, other three valid Cryptosporidium species (C. ubiquitum, C. 
bovis and C. felis) and one genotype (cervine genotype), which were frequently 
identified worldwide (6, 8, 9, 10), were absent in pre-weaned lambs from eight 
farms investigated in western Romania. 

These findings clearly suggests that there is a potential risk of zoonotic 
transmission of Cryptosporidium infections between lambs and humans on sheep 
farms in western Romania. 
 

Conclusions 
 
Fifteen (12.9%) out of 116 pre-weaned lambs were tested positive for 

Cryptosporidium by microscopy using direct smear technique. 
Molecular analysis using PCR-RFLP of SSU rRNA gene indicated the 

presence of Cryptosporidium parvum in two samples.  
The results of this study provide useful insights into the frequency of 

Cryptosporidium infection in lambs in western Romania. 
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Summary  
 

To determine the prevalence of Toxoplasma gondii infection we examined 
serological samples from 700 domestic pigs from 14 localities (CSV) of the Arad County. 

Serological samples were processed by immunoenzymatic technique (ELISA). 
There were included in the study 50 pigs from each CSV.  

The seroprevalence of Toxoplasma gondii infection in pigs was 16.28%, with 
variations between 0 and 64%. 

Key words: Arad County, domestic pigs, Toxoplasma gondii 
 

Toxoplasmosis is one of the most common parasitosis in humans and 
animals, it being placed on the top three global spread (1). 

The cat is the key element in the epidemiology of toxoplasmosis (3). For 
toxoplasmosis transmission, a very important role it have raw meat consumption. 
In pigs, infection occurs by eating kitchen scraps unsterilized or rodents (10). In 
some farms could make the connection between the percentage of infected rodents 
and the pigs seropositive for Toxoplasma. In addition, swine, under certain 
circumstances, become cannibals and biting their tails or ears (2, 10).  

Because of limited bibliographic data, in terms of Toxoplasma gondii 
infection in animals, the purpose of this study was to identify anti-Toxoplasma IgG 
antibodies in swine sera from Arad County. 

 
Materials and methods 

 
From Arad County 700 samples were collected from domestic pigs 

between December 2009 and August 2010. The studied animals were aged 
between 6 weeks and 2.5 years, males and females and came from different 
localities (CSV). From each CSV the serum samples were randomly collected from 
50 pigs. Herds of pigs from households comprised between 1 and 5 animals. 

Collected blood was left to express serum and it was kept in a freezer until 
the samples were processed in the laboratory of Parasitology and Parasitic 
Diseases of Faculty of Veterinary Medicine of Timisoara. 

Serum samples were examined by indirect ELISA method using ID Screen 
Multi-species kit (ID.VET., France) for anti-Toxoplasma specific Ig G antibodies, 
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resulting from infection with Toxoplasma gondii. Kit can be used for determination 
of anti-Toxoplasma specific Ig G antibodies from sera of ruminants, pigs and cats. 
We respect technology manufacturing indicates by producer company. 

The S/P values above 200% were considered strongly positive, between 
50 and 200% samples were considered positive, between 40% and 50% were 
doubtful, while values below 40% were considered negative. 

 
Results and discussions 

 
Of the 700 collected samples from domestic pigs from the Arad County, 

114 sera (16.28%) had anti-Toxoplasma IgG antibodies (Table 1, Fig. 1, 2).  
Of the 14 studied CSV, in 10 (71.43%) of them could identify infection with 

Toxoplasma gondii. 
These data indicate a high prevalence of diseases in domestic pigs and 

shows the importance of farm animal contact with faeces of cats or with rodents. 
Household pigs were kept in relatively optimal hygienic conditions, but with access 
of cats and birds inside the housing. Pigs were fed with not always heat treated 
kitchen scraps.  

Concentrated feed with wich the pigs ration is supplemented are stored 
around the house, so that cats can easily get to them, or even defecate in the feed 
store. The prevalence of 16.28% obtained by us in the CSV 's, can highlight a real 
risk of contamination from exposed humans and species of carnivorous animals, by 
eating poorly cooked pork. 

This study highlights the absolute need of best practice animal husbandry 
and food to reduce the risk of transmission of T. gondii infection in humans and 
other animals. 

In the world the results are different. Thus, the Netherlands in 2007, has 
acquired a Toxoplasma prevalence of 5.62% in pigs reared in extensive sistem. In 
households, the prevalence ranged from 4 to 33% (5). In 1995, in Netherlands, the 
infection prevalence was 30.9% (8). 

In Italy, the infection prevalence was 16.3%, with the lowest prevalence 
(7%) at 5-7 months age group and the high values (19%) in pigs older than 24 
months (11). In Germany, 5.6% of tested pigs were positive for Toxoplasma gondii 
infection (9). In Serbia, from 605 examined serum samples, 28.9% were positive to 
Toxoplasma infection (7). 

In U.S.A., the prevalence of Toxoplasma infection ranged between 27.7 
and 88.6% and in Brazil, between 8.54 and 66.67% (4). 
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Table 1 
The seroprevalence of Toxoplasma gondii infection in domestic pigs from 

Arad County 
 

CSV 
No. positive 

samples 
(%) 

No. doubtful 
samples (%) 

Minimum and 
maximum titer 

values 
 

Positive titre 
values 

Misca 22 (44%) 3 (6%) 7.83-187.3 57.81-187.3 

Brazii 0 (0%) - 10.31-38.47 - 

Halmagiu 5 (10%) - 22.61-162.34 110.52-162.34 

Curtici 11 (22%)  18.48-116.79 82.86-116.79 

Sintea Mare 32 (64%) 2 (4%) 37.01-199.27 57.91-199.27 

Hasmas 0 (0%) - 6.19-39.14 - 

Frumuseni 4 (8%) - 16.22-78.50 61.16-78.50 

Vinga 10 (20%) - 29.05-94.39 68.21-94.39 

Ineu 12 (24%) 2 (4%) 2.89-138.67 87.63-138.67 

Nadlac 0 (0%) - 6.11-33.44 - 

Tarnova 7 (14%) - 18.41-83.15 58.77-83.15 

Dezna 3 (6%) - 20.36-67.09 
52.36; 61.89; 

67.09 

Graniceri 0 (0%) 1 (2%) 12.57-37.29 - 

Ususau 8 (16%) - 19.23-189.65 90.31-189.65 

Total 114 (16.28%) 8 (1.14%)   

 
 

           

0%

20%

40%

60%

80%

44%

0%
10%

22%

64%

0%
8%

20%24%

0%

14%
6%

0%

16%

CSV

 

Fig. 1. Graphics of prevalence of Toxoplasma gondii infection in domestic pigs from 
Arad County 
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Fig. 2.  Geographical distribution of localities from Arad County 

 
In Romania, in 2009, Iovu et al., identified, in central and northwestern 

Romania, a prevalence of Toxoplasma gondii infection in sows of 0.4% and 0.5% 
(6). 

Toxoplasma infection of pigs in Arad County matters both because of 
neonatal death can occur in pigs, and the possibilities of disease transmission to 
humans through inadequately cooked meat. 
 

Conclusions 
 

The prevalence of Toxoplasma gondii infection in pigs from CSV in Timis 
County was 21.93%. 

The seropositivity presented variations between 0% and 80%. 
Toxoplasma gondii infection could be identified in 10 (71.43%) of the 14 

studied localities. 
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Summary  
 

To establish the prevalence of Toxoplasma gondii infection in Arad County were 
tested 250 of serological samples from sheep and 36 samples of serum and faeces from 
cats. The serological samples were assayed using ELISA test and the faeces - 
coproscopical.  

 The medium positivity for Toxoplasma gondii infection in sheep was 42.40%, with 
variations between 26 and 70%. From all samples tested from cat 80.55% were positive. 
The seroprevalence was higher in household, European breed, adult, male, cats from rural 
area, fed with raw meat. 

Coproscopically, in cats, we didn‘t detect T. gondii oocysts in any sample.  
Key words: sheep, cats, Arad County, Toxoplasma gondii 

   
Toxoplasmosis is a protozoosis caused by a coccidian parasite belonging 

to the Toxoplasmidae family. Toxoplasma gondii is located in various tissues and 
organs of more than 350 species of vertebrates, being perhaps the most common 
protozoan parasite (5). 
 The geographical distribution of the disease is quite uneven, which may 
have multiple causes: culture, climatic conditions, wildlife structure, etc. Prevalence 
rates appear to be higher in hot and humid areas than in dry and cold ones (8, 10). 
 Among definitive hosts, the domestic cat appears to be the most important. 
From among production animals, sheep are the most susceptible intermediate 
hosts. In some intermediate hosts evolution may be seasonal. Thus, the 
prevalence in herbivores is higher in spring while in autumn and winter it is higher 
in pigs. In definitive hosts, i.e. cats, infection usually develops asymptomatically, 
while in intermediate hosts the disease may cause abortion or even death (10). 
 The aim of this study was to assess the prevalence of T. gondii infection in 
cats and sheep in Arad County. The study of toxoplasmosis in these two species is 
opportune, firstly because these species have a major role in the epidemiology of 
the disease, and secondly because a study of this kind has never been carried out 
in Arad County before. In addition, this study is necessary in view of the very high 
seroprevalence in women (15). 
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Materials and methods 
 
The assessment of the toxoplasmosis prevalence in cats and sheep was 

conducted in 2008-2009 in Arad County.  
The study was conducted on a total of 36 cats, 31 from rural areas and 5 

from urban areas, 18 were females and 18 males. The cats were aged 6 months to 
10 years. 9 cats were aged 6 months to 1 year, representing the young animals 
and 27 cats were over 1.3 years, representing the adults.  

About the breed, 31 cats were European, and 5 were other breeds: 4 
Burmese cat breed and one Russian blue breed. 

Cats were from both urban and rural areas. Of the five cats from urban 
area, one cat was kept only in the apartment and has never come out, and the 
other four cats were part of the urban environment, but were kept in the house with 
permanent access to the outside. Of the 31 cats from rural area, 21 animals were 
kept in the houses of the owners, and 10 of the cats were kept on a farm with 
several animal species (sheep, pigs, horses, birds and dogs). 

About the raw meat consumption by cats, data were different. Of the 36 
studied cats, 31 had consumed raw meat at least once in their life, most of them 
having the opportunity to hunt small animals or birds. In contrast, 5 of cat owners 
said they have never given raw meat in the diet of their cats. 

The blood samples from cats were taken from the external saphene vein or 
the cephalic antebrachial vein. 

Faecal samples and blood samples from each cat were collected at the 
same time, i.e. the faecal sample was not collected at a different moment. To 
identify the T. gondii oocysts in faeces the sucrose flotation method was used (1). 

In this study we examined also 250 sheep from five farms in the Arad 
County. The sheep came from farms which had 450 to 700 females. They were 
aged 3-5 years. For this study 50 sheep were randomly selected from each flock. 

In adult sheep blood collection was performed by jugular vein puncture. In 
lambs blood was collected during slaughter in the slaughterhouse. 

The serum obtained through blood decantation was stored at -20°C. Serum 
samples were examined by indirect ELISA using the ID Screen Multi-species kit 
(ID.VET., France), which detects Toxoplasma-specific IgG antibodies resulting from 
infection with T. gondii. For performing ELISA method we used the manufacturer 
instructions. 

The S/P values above 200% were considered strongly positive, values 
between 50 and 200% were considered positive. Those between 40% and 50% 
were deemed uncertain, while values below 40% were considered negative.  
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Results and discussions 
 
Seroprevalence of T. gondii infection in cats in the Arad County was 

80.55%, higher in urban area (100%) and lower in rural area (77.41%). 
  The involvement of receptivity factors in the toxoplasmosis seroprevalence 
is shown in Table 1. 

 
Table 1 

The main risk factors associated with Toxoplasma gondii infection in cats 
 

Risk category Risk factor No. positive samples /total 
samples (%) 

Age 
Young       3/9      (33.34%) 

Adults     26/27    (96.30%) 

Breed 
Other breed       5/5       (100%) 

European breed     24/31    (77.42%) 

Sex 
Femals     13/18    (72.23%) 

Males     16/18    (88.89%) 

Environment 
Urban       5/5        (100%) 

Rural     24/31    (77.42%) 

Living space 
Apartment       1/1        (100%) 

House     28/35       (80%) 

Food 
No raw meat      4/5          (80%) 

Raw meat     25/31   (80.65%) 

 
All 36 faecal samples examined by the sucrose flotation method were 

negative for T. gondii infection. 
Seroprevalence of T. gondii infection in sheep is shown in figura 1. The 

toxoplasmosis seroprevalence in sheep was 42.4%, with variations between 26% 
and 70%. 

Given the small number of cats, the higher prevalence of T. gondii infection 
in cats in the Arad County, in the urban areas, should be treated with great reserve. 
In Romania there are cats in almost every peasant household and they are allowed 
to roam the countryside. 

Although there might be a positive correlation between T. gondii infection in 
cats and sheep in Arad County, data should be interpreted with reserve and 
prudence. While a direct correlation between T. gondii infection in cats from rural 
areas and sheep can be established, it is difficult to establish a correlation between 
T. gondii infection in cats from urban areas and sheep. In this latter case, the 
factors involved in final host - intermediate host trophic contact are difficult to 
identify. 

A comparison of prevalence rates of toxoplasmosis in cats, obtained in this 
study (80.55%), with data from specialist Romanian literature shows that in central 
Romania, according to Titilincu et al. (2008), the prevalence rate is 81,08%, higher 
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in the rural areas than in the urban ones (18). The prevalence reported in our study 
is much higher than that presented by other authors in Mexico (21.8%) (3), Belgium 
(25%) (6), Israel (16.8%) (17), Italy (40.7%) (16). However, other reports give 
similar seroprevalence - China (79.4%) (9). 

 

 
 

Fig. 1. The T. gondii seroprevalencein sheep in five localities from 
Arad County 

 
Despite the high prevalence rate of anti-T. gondii antibodies in sera of cats 

examined by ELISA, the fact that T. gondii oocysts were not identified by the 
flotation method is explained by the short excretion period - only 10-20 days. In 
addition, oocysts excretion is very rare if re-infection takes place. These findings 
are confirmed by a U.S. study which notes that less than 1% of cats excrete T. 
gondii oocysts (7). Our results are also supported by those obtained by Francesca 
Mancianti, in 2010 (13). 

The prevalence of T. gondii infection in sheep was 42.4%. Similarly, in the 
center of Romania, there is a seroprevalence of anti-T. gondii antibodies of 45.7% 
(11). Similar data or even higher seroprevalence of T. gondii infection in sheep 
have been reported in USA (62.5%) (12), the Czech Republic (59%) (2), Brazil 
(31.1%) (4), Ethiopia (56%) (14). 

The toxoplasmosis seroprevalence rates found in the Arad County were 
high in cats and in sheep. In addition, at least one seropositive sheep was found in 
each flock investigated in the present study, emphasizing the endemic character of 
toxoplasmosis in the intermediate host.  
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Conclusions 
 
The prevalence of Toxoplasma gondii infection in sheep in Arad County 

was 42.40%. 
The seropositivity in sheep presented variations between 26% and 70%. 
In Arad County, the seroprevalence of Toxoplasma gondii in cats was 

80.55%. 
Seroprevalence of Toxoplasma gondii infection in cats was influenced by 

age, sex, breed, living space, environment and administration of raw meat in cats 
diet. 
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Summary 

 
Moxidectin is considered a safe and effective medicine against Dirofilaria immitis 

(Heartworm) microfilaria. So far no microfilaricide and adulticide treatment for Dirofilaria 
repens is registered. The aim of the present study was to test the microfilaricidal efficacy of 
the topical formula of moxidectin 2.5%/imidacloprid 10%, in 18 dogs naturally infected with 
D. repens. The product Advocate

®
 (Bayer), spot-on was tested. Treatments were applied to 

16 dogs once a month for 3 months (eight dogs) or 6 months (five dogs), and every 2 weeks 
for 3 months (three dogs). Two dogs remained untreated. Four weeks after the initial 
treatment all treated dogs were negative. After 90 days from the last treatment, all dogs were 
serologically retested and the result was negative.  

Key words: Dirofilaria repens, moxidectin, treatment, efficacy, dog  
 

Dirofilaria (Nochtiella) repens is the causative agent of canine 
subcutaneous dirofilariosis, parasitosis transmitted by mosquitoes. The 
disease is frequently reported in South-Eastern Europe, Central Europe, 
Western Europe, Africa and Asia (7). 

The treatment of canine dirofilariosis caused by Dirofilaria repens is 
recommended in case of positivity for microfilaria in blood or in symptomatic 
cases like: dermal edema, itching and subcutaneous nodules. The 
treatment and prevention of this parasitic disease must be done to halt and 
avoid the spreading of the pathogen in other hosts and in humans (6).  
 

Materials and methods 
 
Study groups  
The research was conducted at Department of Parasitology and Parasitical 

Diseases, Faculty of Veterinary Medicine Timisoara, in 2009 - 2010, on 18 dogs 
positive for Dirofilaria repens microfilaria belonging to various breeds, aged 
between 2-12 years, both females and males from different localities in the Timis 
County. 

Dogs used in therapeutic trials were cases of Veterinary University Clinics 
of Timisoara. 
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All dogs were clinically examined and those with severe systemic disease 
or a general poor condition were excluded from the study. Treatment was made 
with the consent of owners. Dogs were examined clinically at the beginning and 
end of the trial and, after each administration of moxidectin, side effects were 
noted. 

 
Laboratory methods 
Dogs were examined for detection of Dirofilaria spp. microfilaria through 

the following methods: fresh blood examination, modified Knott method, and 
molecular techniques (PCR). Morphology, length and width of Dirofilaria repens 
microfilarie were also determined by microscopic examination of smears prepared 
with modified Knott method. 

Microfilaria counting was performed on 1 ml of blood collected on EDTA, 
using modified Knott method. 

Knott method positive samples were analyzed by PCR to confirm the 
Dirofilaria species. The analysis was carried out at the Faculty of Veterinary 
Medicine, ˝Szent István˝, Budapest, Department of Parasitology and Zoology, as 
described by Casiraghi et al. (1). 

 
Treatments 
Moxidectin, in commercial formula (Advocate ®, Bayer), was administered 

spot-on after manufacturer's recommended dose between: 2.5 to 6.25 mg 
moxidectin per kg body weight and between 10 to 25 mg per kg bodyweight 
imidacloprid. The product was applied to the skin in the same area for each dog at 
the neck and cranial to the scapula. Treatments were applied to 16 dogs once a 
month for 3 months (8 dogs), or once a month for 6 months (5 dogs) or every two 
weeks for 3 months (3 dogs) and two dogs were left untreated. Microfilaria number 
was determined before treatment, after two weeks, after 4 weeks and then every 4 
weeks for 3 months after last treatment. 

 
Results and discussions 

 
So far, there is no certified prophylactic microfilaricid or curative treatment 

of subcutaneous dirofilariosis. Moxidectin is successfully used against Dirofilaria 
immitis microfilaria. Prophylactic use of moxidectin for Dirofilaria immitis infection 
was demonstrated in several studies (3, 4, 5). 

The aim of this study was to evaluate the efficacy of the combination 
moxidectin/imidacloprid spot-on for subcutaneous canine dirofilariosis prevention. 

The combination of 2.5% moxidectin/imidacloprid 10% (Advocate ®, 
Bayer), spot-on proved, in this study, very effective in combating dogs Dirofilaria 
repens microfilaria. Two weeks after the first treatment, 15 out of 16 dogs were 
negative for microfilaria and 4 weeks after initial treatment all treated dogs were 
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negative. This status was maintained during the observation period of 90 days after 
the last treatment. 

The total microfilaria count/1 ml blood was: in group 1: 7530, group 2: 
11390, 4000 in group 3 and 1070 in the control group. 

Efficacy evaluation test took into account two criteria: degree of efficiency 
(EE) and the intensity of effectiveness (IE). 

Degree of efficiency (EE) represents the number of dogs without 
microfilaria in the observation period of six months starting 1 month after the last 
treatment application. 

EE% - was calculated using the following formula = (number of positive 
dogs in the control group – number of positive dogs in the treated group) / number 
of positive dogs in the control group X 100. 

The intensity of effectiveness (IE) is the reduction of the number of 
microfilaria in dogs during the observation period of 6 months, one month after the 
last treatment application. 

IE% - was calculated using the following formula = (number of microfilaria 
in dogs from the control group - number of microfilaria in dogs treated) / number of 
microfilaria in dogs from the control group X 100. 

On day 14 after the first treatment, the degree of effectiveness was: 100%, 
50% and 100% in group 1, 2 and 3, respectively. At 28 days after the first 
treatment, the degree of effectiveness was: 100% in all groups. The intensity of 
effectiveness in the day 14 after the first treatment was: 100%, 99.1% and 100% in 
group 1, 2 and 3, respectively. On day 28 the intensity of effectiveness was: 100% 
in all groups tested. During treatment no adverse reactions were observed. 

The results of the treatment were statistically analyzed using ANOVA test. 
Statistical analysis confirmed that among the three groups of dogs treated and 
untreated group (control), there were very significant differences (p <0.01), in the 
evolution of microfilaria number. 

Using PCR technique all 18 samples analyzed were confirmed as 
Dirofilaria repens, other species of microfilaria such as: Dirofilaria immitis, 
Acantocheilonema (Dipetalonema) reconditum, Acantocheilonema (Dipetalonema) 
dracunculoides were not detected. 

Recent studies have demonstrated the efficacy of moxidectin in dogs 
infected with D. repens. Monthly treatments with moxidectin (Advocate®, Bayer) 
spot-on formula, have successfully removed D. repens microfilaria from dogs. 
Moreover, it is assumed that adults of D. repens were destroyed because there 
were not noted other microfilarias 6 months after the end of treatment (2). 

To be effective preventive treatment should be applied monthly in the 
Dirofilaria transmission season, respectively one month before the period of 
maximum activity of the mosquitoes, from May to late October. 
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Conclusion 
 
Therapeutic results from this study certify that monthly spot-on 

administration of 2.5% moxidectin / imidacloprid 10% (Advocate ®, Bayer), had 
successfully eliminated the D. repens microfilaria in dogs. 
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Summary 

 
In this study we examined a total of 38 blood samples from dogs using: Knott 

modified method, direct blood examination and ELISA (EVL Netherlands). Ten blood 
samples were examined using rapid test-Speed® Diro Heartworm (Bio Veto Test, France). 
For species diagnosis modified Knott method and polymerase chain reaction were used. 
Three dogs were diagnosed using necropsy, because they had various malignancies and a 
serious clinical condition, they were euthanized with their owners accept. Dogs examined 
were from the following counties: Timis, Arad and Hunedoara. 

The aim of this paper was to highlight the use of an accurate diagnostic method in 
dog dirofilariosis, taking into account the spread of this parasitosis in our country. 

Specificity and sensitivity of diagnostic methods were calculated using Fisher test. 
The sensitivity and specificity obtained was: by modified Knott method (100%, 100%), by 
morphological characters were identified D. repens microfilaria, diagnosis confirmed by PCR 
(Budapest) and necropsy examination, by direct examination of fresh blood (92.10%, 100%), 
by rapid test (100%, 77.7%) and by ELISA test (100%, 100%). 

Key words: sensibility, specificity, methods, dirofilaria, dog 
 

The autopsy has been considered a standard method for diagnosis of D. 
immitis parasitism, but dissection of the heart and lungs is insensitive for immature 
and ectopic forms of infection (1). Identifying species has become extremely 
important in the context of widespread circulation of dogs from different countries 
and continents (2). 

Modified Knott method is considered as reference method or "gold 
standard ˮ for Dirofilaria spp, microfilaria identification and is used in research 
laboratories worldwide. 
 

Materials and methods 
 
Blood samples were collected during 2009-2010, from 38 dogs of various 

breeds, aged between 2-14 years, 17 females and 21 males. Samples were 
processed and examined in order to identify Dirofilaria spp microfilaria using the 
following methods: Knott modified, direct blood examination, ELISA and rapid test. 

The last two methods were used for D. immitis antigen identification.  
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For species diagnosis, microfilaria positive samples were examined by 
PCR (Faculty of Veterinary Medicine, Budapest ―Szent István‖). Three dogs were 
necropsycal examined. 

 
Results and discussions 

 
To characterize the effectiveness of these methods, for identification of 

Dirofilaria spp microfilaria, modified Knott method was considered as standard 
method. Positive and negative samples were examined by other methods to test 
their effectiveness. 

Using Knott method 34 samples were positive (89.74%), two samples were 
negative (5.26%) and two samples were not examined, at direct blood examination 
of 35 samples were positive (92.10%) and three samples were negative (7.89%). 
Ten dogs were examined using rapid test, three samples were weakly positive for 
D. immitis infection (30%) and seven negative (70%). At ELISA tests two samples 
were weakly positive for D. immitis infection (5.26%) and 36 negative (94.73%). 

Similar values were obtained in another study conducted by: Shahrokh 
Ranjbar et al. 2007 (Department of Parasitology in Iran) (4). Specie diagnosis 
based on morphological microfilaria characters, by modified Knott method, was 
effectuated and all 34 samples were infected with D. repens microfilaria, diagnosis 
confirmed by molecular techniques and by necropsy in three dogs. 

Based on the results obtained regarding the microfilaria identification, it can 
be said that all four serology and immunology diagnostic methods used are proper. 
ELISA and rapid test kit are, however suitable only for D. immitis antigen 
identification. 

Modified Knott method is the most accurate method of differentiation, 
suitable for measuring the length and thickness of microfilaria. This method is 
preferred because microfilaria is fixed in formalin in extension, position that allows 
their measurement. Whole sediment count allows the identification of microfilaria 
number in one milliliter of blood. Advantages: sensitive and specific. 
Disadvantages: it takes a lot of time and qualified personal (3). 

Examination of fresh blood has the advantage that it is a quick and 
inexpensive method and can be used in any clinic, for a routine exam. 
Disadvantages: sometimes very low sensitivity, frequent false negative detection, 
unsuitable for a species diagnosis (3). 

Advantages of ELISA and rapid test are that they can identify occult 
infection and may be used in monitoring the treatment. ELISA is commonly used 
for rapid screening in the diagnosis of heartworm disease. Disadvantages: reduced 
sensitivity if the infection is caused by male nematodes, in prepatent infections and 
where the infection involves a small number of females, testing costs are high. For 
best results 2-3 adult females must be present, because males cannot be detected. 
In dogs, antigens can be detected in blood at 5 to 6.5 months postinfection. 
Immunoenzymatic tests and rapid test can sometimes give false negative or false 
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positive responses, so these tests will not be used as the only method for 
heartworm diagnosis, and retesting of dogs is recommended after 6 months (3). 
  The sensitivity and specificity of diagnostic methods used in canine 
dirofilariosis were calculated by Fisher test using the folowing formulas:  
sensitivity = PA / (PA + FN) X100, specificity = NA / (NA + FP) X 100 (Table 1). 
 

          Table 1 
Sensitivity, specificity, positive and negative predictive values of the four 

canine dirofilaria diagnostic methods (using modified Knott method as 
standard technique for microfilaria count) 

Method AP FP AN FN Sensibility 
% 

Specificity 
% 

VPP % VPN % 

Knott 34 0 2 0 100 100 100 100 

Fresh blood 35 0 2 1 92.10 100 100 50 
DIRO test 1 2 7 0 100 77.7 33.3 100 

ELISA 2 0 36 0 100 100 100 100 

Legend: AP - true positive, FP - false positive, NA - true negative, FN - false 
negative, PPV - positive predictive value; VPN - negative predictive value 
 

Conclusions 
 

In this study diagnostic value obtained from modified Knott method is 
similar to that obtained in the ELISA kit; 

Most sensitive methods were: modified Knott method and ELISA kit, and 
less sensitive: fresh blood drop examination and rapid test 
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Summary 

 
Nosema spores identified and isolated from 12 samples of bees with nosema 

disease symptoms collected in three apiaries located in three counties in western Romania 
(Arad, Timis and Caras-Severin) were measured and the results were compared with data 
from literature. Morphometric characterization of Nosema spores isolated did not reveal the 
presence of the new species N. ceranae. Spore dimensions obtained from measurements 
are between 5.33 mm and 6.06 mm long and 2.51 mm and 2.79 mm wide and fall in the 
average size of N. apis spores. 

Keywords: morphometry, Nosema ceranae, Nosema apis 
 
Nosema disease is one of the most serious diseases of adult bees with a 

high prevalence in bee families, caused by species of the genus Nosema. Nosema 
apis and Nosema ceranae are microsporidians placed in group of Fungi. 
Microsporidian, are organisms that form spores by which the parasite is spread 
between hosts (4, 6, 7). 

For many years it was thought that Nosema apis is the only pathogen of 
Nosema genus that infects domestic bee colonies. Globalization has provided new 
opportunities for parasites and other pathogens to cross geographical boundaries 
and exploit new hosts. Recently it was discovered that N. ceranae can cross the 
species barrier from Asian bees (Apis cerane) to European bees (Apis mellifera). 
Now, it is considered that Nosema ceranae is as extensive as Nosema apis in 
worldwide because human, contributed to long-distance spread of new species, by 
transporting infested colonies (3).  

Microscopic examination revealed that spores of Nosema species that 
parasitize honey bees have morphological differences. First morphological criteria 
for species differentiation of are size, shape, internal and external structure (1).  

Nosema spores morphometric study to identify the species, is an important 
step, preparatory for molecular analysis studies. 

 
Materials and methods 

 
Samples of live bees, numbering 12, were collected from three apiaries 

located in three counties in western Romania: Arad, Timis, and Caras-Severin. 
Bees were captured at the bee entrance, where the probability of capturing the 
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most infected adult bees is maximum. The study was conducted from January to 
March 2010, between the second half of winter and early spring, when the Nosema 
infection pressure is maximum. 

In the laboratory, bees were subjected to qualitative diagnostic technique, a 
method that requires only the identification of Nosema spores and assessing the 
level of infection without counting. Abdomens isolated from bee are grind in two or 
three ml of water and a fresh smear is prepared from suspension obtained (8). The 
smears were examined with the objective 40 X and 100 X at Motic microscope 
equipped with a video camera connected to a computer with measurement 
program Motic Images Plus 2.0 (Figure 1). 
 

 
 

Fig. 1. Aspect of Nosema spores in the field and microscopic measurements 
 

Ten spores from each positive sample with a massive infection were 
measured and recorded the length and the width. Statistical interpretation was 
carried out with the Xcel program. 
 

Results and discussions 
 

In all 12 bees samples microscopically examined were identified Nosema 
spores at very different infection levels. Identified spores corresponding to the 
description of Nosema apis spores and appear at 100 X microscope objective like 
oval, colorless corpuscles, more or less bright, shiny - dark colored wall and well 
defined. Spores of N. ceranae should possess the same characteristics but may 
also be round. 
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Table 1 presents average length and width of Nosema spores isolated from 
12 samples of bees collected in Arad, Timis and Caras-Severin counties. 
 

Table 1 
Dimensions biostatistics parameters of isolated Nosema spores  

County Arad Timiş Caraş-Severin 

Colony 6 7 8 16 1 6 27 36 37 6 15 78 

Length 
average 

(µm) 

5.47 
± 

0.53 

5.59 
± 

0.46 

6.06 
± 

0.33 

5.33 
± 

0.48 

5.34 
± 

0.49 

5.74 
± 

0.19 

5.82 
± 

0.36 

5.9 
± 

0.26 

5.76 
± 

0.25 

5.83 
± 

0.57 

6.03 
± 

0.30 

5.73 
± 

0.24 

Width 
average 

(µm) 

2,61 
± 

0,28 

2,51 
± 

0.28 

2,64 
± 

0.24 

2,63 
± 

0.27 

2,75 
± 

0.15 

2,54 
± 

0.20 

2,79 
± 

0.20 

2,51 
± 

0.16 

2,75 
± 

0.25 

2,64 
± 

0.17 

2,7 
± 

0.17 

2,74 
± 

0.21 

 
 

 
 

Fig. 3 Nosema spores length compared between species 
N. ceranae and N. apis and values obtained 
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Fig. 4 Nosema spores width compared between species 

N. ceranae and N. apis and values obtained 
 

After measurements were obtained variables values of length and width of 
Nosema spores isolated from bees. Length values between 5.33 µm and 6.06 µm 
to 5.7 µm and width average between 2.51 µm and 2.79 µm to 2.65 µm average, 
falling close to average dimensions measured spores species N. apis cited 
between 4.5 µm and 6.4 µm with an average of 5.45 µm in length and between 2.5 
µm and 3.0 µm with the average width of 2.75 µm (2, 5). Dimensions of N. ceranae 
spores cited in the literature are between 3.9 µm and 5.3 µm (4.4 ± 0.41 µm) long 
and 2.0 to 2.5 µm (2.2 ± 0.09 µm) widths (1).  

The fact that the average length of obtained spores is slightly above 
average size of the spores of N. apis spores and significantly above the average 
size of N. ceranae and width obtained is slightly below the average width of N. apis 
spores and much above than the average size of N. ceranae spores, focused on a 
diagnosis of species but not confirmed. Spore size variation may be due to mixed 
infections with both Nosema species, most often present in honey bee colonies (9). 

This morphometric study has indicative value and morphometric study 
precedes ultrastructural diagnostic methods and finally, the molecular biology of 
species that confirms the diagnosis. 
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Conclusions 
 

Length of Nosema spores had an average of 5.7 µm, slightly above the 
average value in the length of spores of Nosema apis and well above the average 
length of spores of Nosema ceranae. 

Width of Nosema spores had an average of 2.65 µm, value close to 
Nosema apis spores and significantly above the mean of width values of Nosema 
ceranae spores. 

Identified spores, are morphologically characteristic for the species 
Nosema apis. 
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Summary 
 

This study has as objective the development of image in three-dimensional sistem 
(3D), made using a special computer program called Blender, performed by a specialist in 
three-dimensional graphics. Five species were reprezented by gastrointestinal nematodes, 
respectively Teladorsagia circumcincta, Haemonchus contortus, Nematodirus filicollis, 
Trichostrongylus colubriformis şi Oesophaostomum venulosum. 

Key words: gastrointestinal nematodes, three-dimensional system 

 
Gastrointestinal nematodes of sheep are parasites that can cause 

significant economic damage in animal husbandry. Therefore, their study, including 
morphological, is in line with knowledge about these helmintosis (1). 

Three- dimensional visualization, being a last method generation, ensure 
by its properties, a representative picture, may indicate mean morphological 
characteristics of some trichostrongyles species. This image provide a level of 
precision according to current requirements in medicine (8).  

In the history of computing system, graphical representation represented 
an important qualitative leap. Computer graphics allow not only concrete images of 
objects in the real world, but abstract objects, synthetic. These features separate 
essentially computer graphics, that creator image, television and photography (5). 

In Romania, the method is relatively unknown because of insufficient 
computer equipment and software are very expensive. 

The objective of this study, was to perform three-dimesional representative 
image of the main trichostrongyles species, ensuring a high-fidelity presentation, 
these can be used for teaching. Also, aimed to complement know morphological 
data from different trichostongyles species. 

 
Materials and methods  

 
The study was conducted between September and December (2009) 

within the discipline of Parasitology and Parasitic Diseases, Faculty of Veterinary 
Medicine in Timisoara. 
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For this study were used as biological samples and elements from outside 
the area of veterinary medicine. 

Adult nematodes were harvested after a few sheep necropsy from a private 
farm in the Vinga village, resulting the most representative trichostrongyles 
species. 

The following materials were using for preparations, respectively adult 
worms fresh harvested, preserved the original blades with adult nematodes, from 
which the pictures were made. Pictures made by us, were made to Motic optical 
microscope with video capture, B1 series. 

Nematodes were initially identified by clasical methods, based on 
determination key by model described Soulsby (1965), Dunn (1978). 

Three-dimensional visualisation was achieved using a special computer 
program called Blender, carried out by a specialist in three-dimensional graphics. 

With this program were modeled in the virtual environment the 
representative species of trichostrongyles, after which passed to chois of colors 
according on their morphological characteristics  

After completing these processes, continue with the last stage, namely the 
accumulation of all data and translate them as a 2D image, process called 
rendering. With the program, the parasites can be manipulate in the desired 
direction on a computer or power point presentation (3D). 

 
Results and discussions 

 
Images of five trichostrongyles species: Teladorsagia circumcincta, 

Haemonchus contortus, Nematodirus filicollis, Trichostrongylus colubriformis and 
Oesophaostomum venulosum, were processed in the 3D system. 

Teladorsagia circumcincta adults were harvested from abomas. They are 
very small worms, thin, red-brown. These species do not present oral capsule. 
Dimensions of these nematodes were between 7-8mm in lenght for males and 
females 10-12mm lenght (2, 3). 

The main characteristic of the male, observable under the optical 
microscope, was given the spicules are at the posterior end, which are thin, slightly 
elongated and straight. These issues have been highlighted with three-dimensional 
visualisation, but more clearly (fig. 1). 
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A B 
Fig. 1. Teladorsagia circumcincta- posterior end of male, 

A. Optical microscope image (ob. 10x) 
B. Three-dimensional visualisation (3D) 

 
From abomas was harvested Haemonchus contortus, which appears in 

classical microscopy fresh vivid red. They have a size of 10-20mm in lenght and 
females 18-30mm. The anterior end has two cervical papillae. Caudal bursa has an 
asymmetrical lobe with Y shaped spicules (7). Spicules are very well highlighted by 
3D technique, seeing with high clarity their characteristic morphology (fig. 2). 

 

C D 
Fig. 2. Haemonchus contortus-posterior end of male, 

C. Optical microscope image (ob. 10x) 
D. Three-dimensional visualisation (3D) 

 
Nematodirus filicollis was harvested from the small intestin. Worms are 

long, the male reaches a lenght of approximately 16mm, and the female up to 
30mm, having the tail end with a truncated tail aspect, which ends with a spin. They 
are very thin, they formed balls of parasitic pests at parasitic site. Males have 
filiform spicules, thin, united by a membrane whose end is characteristic (7). 
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Caudal bursa is highly developed in posterior end showing elongated rays, which 
can be seen through 3D visualization with greater ease and clarity (fig. 3, 4). 

 

E F 
Fig. 3. Nematodirus filicollis- dorsal view, length and shape of the male spicules 

E. Optical microscope image (10x Ob), 
F. Three-dimensional visualiation (3D) 

 
 

 
Fig. 4. Nematodirus filicollis- posterior end of male,  

caudal bursa and speacules, other issues in 3D 
 

Trichostrongylus colubriformis is a very thin nematode and small as a hair. 
They have a pink-brown, the male measure 3-7mm in lenght (3, 7). In the 3D 
system, can see the caracteristic form of spicules, twisted shaped and short brown. 
Spicules are of equal size. Characteristic of this species is a gubernaculum feature 
(fig. 5). 
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 I J 
Fig. 5. Trichostrongylus colubriformis- posterior end of male 

I. Optical microscope image (10x Ob);  
J. Three-dimensional visualiation (3D) 

 
Oesophagostomum venulosum was harvested from colon of sheep. The 

male has a lenght of 11-16mm, and the female measured 13-24mm in lenght, 
which is higher than male. Spicules have a characteristic form, having separated 
base, with a lenght of 1,1-1,5mm, and gubernaculum lenght is 90-100µm (3, 4). 

Compared to conventional microscopy, the 3D technique may reveal the 
origin and very clear caracteristic position of spicules, as well caudal bursa with the 
rays as rather elongated and branched. In the image 3D can be seen the aspect of 
spicules, and their distance from base to top with a high degree of fidelity. 

An important feature is highlighted on the anterior end, about the present of 
cephalic vesicle, which is separated from the body by a cervical groove can be 
seen more easily with 3D technique. The cervical wings are reduced. Lateral 
membranes are very restricted and spread throughout the body lengh (1, 3, 7). 

 

M N 
Fig. 7. Oesophagostomum venulosum- posterior end of male and shape of the 

male speacules; M. Optical microscope image(ob. 10x) 
N. Three-dimensional visualiation (3D) 
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O P 
Fig. 8. Oesophagostomum venulosum-anterior end-cephalic vezicle (3D) 

O. Optical microscope image (ob. 10x) 
P. Three-dimensional visualiation (3D) 

 
Some changes to the posterior extremity of the adult, regarding the 

characteristic form of caudal bursa, and the spicules form, in between the slide and 
slide preparations might be given the pressure on the optical microscope slide. This 
work was important and necessary to achieve, to better highlight the morphological 
characteristics of the nematodes. 

It should be noted that the lack of specialist training or manuals to initiate 
and coordinate staff in computer use regarding the editing and graphics 
processing, makes it impossible to obtain these image. 

Due to the somewhat unsatisfactorily didactic resources, these 3D image, 
represents about 70% of the morphological appearance of the parasite, remaining 
30% representing small details, such as texture and external coating deformations 
of the parasite. Three-dimensional visualisation allows a much clearer view of 
these nematodes, it may explain some unclear aspects of their morphology, 
representing a true teaching, good for student. 

The advantage in electron microscopy (SEM) is that she is able to produce 
images with very high resolution of surface texture samples. Electron microscope 
develop a high power magnification, depth of focus and the ease with which can 
see samples (5, 6). However, the huge disadvantage in SEM is that can not 
provide the internal structure of the worm, compared to study in the 3D system. 

Because of the way the image is created, SEM image are apparently three-
dimensional characteristics (9). 

Through 3D images will help in developing and improving teaching 
techniques in higher education. 

Models can be examined from any point in virtual space, in whole or in 
detail, visible edges in the image can be removed, surfaces can be colored, light, 
shadow, texture coated material. 
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In this way it is possible the simultaneous processing of information 
graphics, audio, video that allows their correlation. Thus, multimedia applications 
have emerged (10). 

Multimedia found quickly use in a wide range of fields, including medicine 
(10). In medicine, the graphics become very important, because many methods of 
investigation of patients resulting image. In addition, very helpful in diagnosis and 
training is three-dimensional visualisation. Because medical imaging features, a 
large part of the artwork used in medicine is volumetric graphics (10). 

Alternative methods of visualizing anatomical structures have become in 
recent years new tools, widely used both in medical practice and descriptive study 
of these formations (11). 

The purpose of alternative methods for viewing is to improve, enhance and 
diversify their teaching techniques to study materials by teachers and serving the 
students aid. 

The digital data can be stored very long time without damaging in any way, 
while the biological material, after several years of use, reach a stage improperly 
using and studying. 

Whereas, we could not find another study of its kind in the literature, 
although computer technology has radically changed how information is presented, 
we believe that research of nematodes in the 3D system is a pioneering. 

 
Conclusions 

 
Three-dimensional visualisation is a modern method, which provides 

clarification of gastrointestinal nematodes images and observing some aspects of 
internal structure. 

The originality is that the 3D system is used in other areas, in parasitology 
and in the trichostrongyles case was not used. 

Visualization method does not modify any model, but how the user sees on 
the screen. 
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Summary 

 
The importance of tick-borne diseases has increased in the recent years due to 

frequent travel of dogs in endemic areas or by importing them from regions with endemic 
occurrence. 

In our study 100 dogs from Banat area were tested for the presence of Babesia 
canis antibodies using indirect fluorescent antibody test (IFAT). 29 of the sera samples 

showed positivity at 1:32 titre. It is concluded that canine babesiosis is becoming more 
prevalent in Banat region, Romania. This is the first report on seroprevalence of Babesia 
canis in Romania. 

Key words: Babesia canis, dogs, IFAT 
 
Canine babesiosis is a tick –borne disease induced by haemoprotozoa of 

the genus Babesia (Apicomplexa: Piroplasmida). Babesia spp. in dogs are divided 
in two main groups, identified on the basis of their morphological appearance in the 
erythrocyte as large (Babesia canis) or small (Babesia gibsoni). B. canis consists of 
three sub-species (B. canis canis, B. canis vogeli, B. canis rossi) classified 
according to geographical area, epidemiology, tick species involved as vector, 
clinical signs and molecular characteristics (3) 

The importance of tick-borne diseases increases in the recent years due to 
frequent travel with dogs in endemic areas or by importing of dogs from regions 
with endemic occurrence (6) 

While in Mediterranean area the prevalence of canine babesiosis is well 
known, in the Eastern European countries available information is limited (6). 

In some locations, were the number of susceptible dogs is high and ixodid 
ticks are spread, the disease is well disseminated. Seroepidemiological 
investigations are important in the evaluation of the current status of the disease 
and in determining the risk factors for animal population (11). 

The direct diagnosis of Babesia infection in dogs is based on the 
identification of the parasite in stained blood smears, even though it is difficult to 
find the protozoan in carrier animals. Regarding the indirect diagnosis, indirect 
fluorescent antibody test (IFAT) is the serological method most often used (5, 14).   
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Serological tests are used to detect asymptomatic carrier dogs and also to 
diagnose chronic infections, in which the level of parasithaemia may be low and not 
detectable in stained blood smear or antibodies level in a certain moment. 

The IFAT and ELISA techniques are considered highly sensitive and 
moderately specific for detection of antibodies to Babesia parasites in dogs (16, 4). 
The test has some limitations in endemic areas and can be negative in very young 
animals and early infection (1).  

The aim of this study was to estimate the seroprevalence of B. canis 
infection in Banat area, due to the lack of data on its current status. 
 

Materials and methods 
 

Blood samples were collected from 100 dogs from Banat area who 
attended the Veterinary Clinics and Hospital at University of Veterinary Medicine 
Timisoara. EDTA-blood was collected in sterile vaccutainers. Serum was 
prelevated and stored at -20°C until further processed. From serum samples 
presence of IgG antibodies against B. canis by IFAT was tested. 

The slides containing fixed blood infected with B. canis (Megacor, 
Germany) were stabilized at room temperature 1 hour before using. Serum 
samples for testing were diluted 1:32 in PBS and 20 µl were pipetted onto the 
circumscribed areas. The slides were incubated in the humid chamber at 37°C for 
30 minutes. After washing, 1 drop of Dog-IgG-FITC Conjugate was added to each 
delimited area and then incubated for another 30 minutes. The slides were then 
washed and 2 drops of mounting fluid was added between the slight and the 
coverslip. 

The slides were examined under a fluorescence microscope with 40x 
objective. 

Those that had fluorescence in the periphery of the protozoa were 
considered positive. The negative reactions didn‘t present any florescence.  
 

Results and discussions 
 

Based on serological examination of 100 serum samples, 29 (29%) have 
been proved positive for B. canis antibodies (Fig. 1). The results are summary 
presented in Table 1. 

 
Table 1  

Information regarding age and source of positive samples 
Age 0-3 years 3-6 years 6-9 years >9 years 

TM CS TM CS TM CS TM CS 
Positive 13 0 5 4 4 0 3 0 
Negative 24 11 14 2 10 3 2 4 
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Fig. 1. Fluorescence present in positive samples 
 

Out of these, 13 (44.8 %) female dogs and 16 (55.1 %) male dogs were 
positive. The dogs were mainly from Timis County (25 cases).  

By age the highest prevalence was found in the category of 0-3 years, with 
13 (44,8%) cases, followed by age category 3-6 years with 9 cases (31.0%), age 
category 6-9 years with 4 cases (13.7%) and over 9 years category with 3 cases 
(10.3%), respectively.  

Regarding the breed, the highest prevalence of antibodies was observed in 
mixed breeds (8 cases 27.5%), followed by Cane-Corso breed, 3 cases (10.34%) 
German Shepherd breed 3 cases (10.34%), Bischon and Husky breed with 2 cases 
and other breeds 11 cases. 

Ticks were observed by the owner or by veterinarians on 5 out of 29 
positive dogs, during the last months. 

The protozoan Babesia canis is one of the species that causes canine 
babesiosis. It has been studied worldwide and its prevalence and geographic 
variations depends on the vector distribution.  

In Banat area the presence of Babesia spp. was confirmed by microscopic 
examination of stained blood smears, but about the spreading of the disease, no 
information is available (8, 9).   

The obtained seroprevalence (29%) is relevant, indicating high circulation 
of the parasite in Banat area.  

Serological surveys conducted worldwide revealed that Babesia species 
are widely spread. The prevalence of antibodies to this parasite in dogs in Brazil 
varies between 35.7% (14) to 66.9% (12) by IFAT (11).  

In Europe studies on seroprevalence of babesiosis were conducted in 
Albania where the prevalence ranged between 9.9% (10) and 13% (6) and in 
Hungary with 5.7% prevalence (7). 

Other studies carried out in France revealed a prevalence of 14.1% (2). 
Prevalence rates in Italy ranged between 0.8% (13) and 17% (15). In the recent 
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years the prevalence by IFAT in Italy raised a lot, being 34% in a study conducted 
in 2009 (3).   

Antibodies were the most prevalent in the group of 0-3 years (44,8%), 
followed by the group of 3-6 years, in contrast with a study effectuated in Hungary 
where the most prevalent group was of 3-5 years (7) and with findings of Cabannes 
(2002) where the most prevalent group was of 6-10 years (2). This high prevalence 
in young dogs may be explained by the fact that older dogs are less active then 
younger ones, so less exposed to the environment, necessary for infestation with 
ticks.  

Dog breed seems to have no influence on seroprevalence, although large 
dog breeds are more frequently diagnosed serological. German shepherds were 
considered as proned dogs in a study from Hungary (7), but the number of samples 
is too small to have a real statistical evolution, so further investigations are needed.  

 
Conclusions 

 
Epidemiological aspects of canine babesiosis in Banat area seem to be 

more complex than previously known.  
Based on serological examination of 100 serum samples, 29 (29%) have 

been proved positive for B. canis antibodies 
The present study indicates a higher circulation of the parasite than 

expected, adding useful data to the literature available in Romania. 
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Summary 

 
 This study was conducted to determine the prevalence of the Giardia spp. infection, 
in cats from Timis County and to analyze the potential risk factors that support this infection 
(gender, age). The examination of the samples was accomplished using flotation method 
(Willis), direct examination using Lügol solution. Parasitic fauna of cats from Timis County 
was represented by Giardia spp. total 47.36%; Giardia spp. single parasite 28.94%; Giardia 
spp. with other parasite 18.42%; Giardia spp. with Toxocara spp. and Ancylostoma spp. 
5.26; Giardia spp. with Ancylostoma spp. 2.63%; Giardia spp. with Toxocara spp. 10,52%; 
Ancylostoma spp. single parasite 2.63%; Toxocara spp. single parasite 21,05%; Toxocara 
spp. with Coccidia spp. 5.26%; Coccidia spp. with Ancylostoma spp. 2.63%; 
Aelurostrongylus abstrusus single parasite 2.63%. 

Key words: cats, Giardia spp., parasitic fauna, prevalence 

 

Giardia is a ubiquitous enteric protozoan affecting humans and a range of domestic 
and wild mammals (21). The parasite has a world-wide distribution and is 
commonly accepted as a zoonotic agent (21). 

Importantly, Giardia is the most common parasitic disease of humans and 
is considered to be a re-emerging infection because of its association with 
outbreaks of diarrhoea in child care centers (21). Only the species Giardia 
duodenalis (also known as Giardia intestinalis) has been recognized in cats (20). 
Giardia spp. is a binuclear protozoan flagellate with a presentation form of 
trophozoite and cyst.  

Giardia spp. infection can evolve as unique pathogen agent or associated 
with other enteropathogen agents. 
 Most clinically apparent infections in cats occur in young animals, with the 
most consistent sign being diarrhoea. Asymptomatic infections are common and 
have been found to occur more frequently in mature animals (1). Detection of cysts 
or trophozoites of Giardia is made by faecal examination using direct or 
concentration methods (8). 
 Since there is a periodicity of cyst excretion, multiple faecal samples 
should be examined; preferably a minimum of three samples on alternate days 
(18). For reliable diagnosis of intestinal parasites, a combination of several 
techniques has been recommended (2). Since infected stray cats shed cysts or 
infective eggs around public places (13), healthy animals and humans may get 
infected due to the contaminated environment. 
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 Although Giardia is a common parasite in cats world-wide (12), results from 
a recent study suggests that its prevalence may have declined in Perth (17 0%) 
when compared to previous studies (20, 14%).  

The aim of this current study was to determine the prevalence of the 
Giardia spp. infection, in cats from Timis County and to analyze the potential risk 
factors that support this infection (gender, age, race,). 

 
Materials and methods 

 
 A total of 76 faecal samples were collected and examined between 
January 2010 and January 2011. For an accurate epidemiological evaluation of the 
cases studied, records were kept in order to help in data interpretation. 
 These samples originated from three sources cat refuges (6), breeders 
(26), and private cat owners (44) so that the samples were representative of 
domestic cats. 
 The majority of the cats were common European (64) and the remaining 
were purebred (6 Persians, 2 Siamese and 4 Turkish Angora). Of the 34 samples 
were male and 42 were female.  
 The age of the cats attending the study varied, ranging from two months 
old to nine years old. The cats were divided into three study groups for statistical 
analysis of correlations among age and parasitic state of each cat (table 1). 
 

Table 1 
The faecal samples according to age 

 

<1 YEAR OLD 1–3 YEARS OLD >3 YEARS OLD 

50 16 10 

 
The cats introduced in this study were from Timis County and were 

examined in the Clinic of Parasitology and Parasitological Diseases of the Faculty 
of Veterinary Medicine Timisoara. 

The samples were taken from each cat. Fresh stool specimens were 
collected in clean plastic containers, stored at +5◦C. 

 The examination of the samples was accomplished using flotation 
method (Willis) and direct examination using Lügol solution (the cysts and 
trophozoite form). Flotation method (Willis) was performed for identification of 
potential pest infestations associated with Giardia spp. Lügol solution staining 
method is to achieve a native of fecal preparation plus one drop of Lügol's solution 
and homogenize. Is necessary to remove coarse food particles with a syringe 
needle and cover with a cover slip (6). Slides so prepared were examined under a 
microscope with 400× magnification (figure 1). 
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Fig. 1. Cysts and trophozoite form of Giardia spp. original with 400× magnification 
 

Results and discussions 
 

The results obtained after the examination of smears are presented in table 2. 
 

Table 2 
Positivity in Giardia spp. and other parasites infection in studied 

 

Parasitic species No. of positive samples (76 total samples) 

Giardia spp. total 36 (47.36%) 

Giardia spp. single parasite 22 (28.94%) 

Giardia spp. with other parasite 14 (18.42%) 

Giardia spp. with Toxocara spp., 
Ancylostoma spp. 

4 (5.26%) 

Giardia spp. with Ancylostoma spp. 2 (2.63 %) 

Giardia spp. with Toxocara spp. 8 (10.52%) 

Ancylostoma spp. single parasite 2 (2.63%) 

Toxocara spp. single parasite 16 (21.05) 

Toxocara spp. with Coccidia spp 4 (5.26) 

Coccidia spp. with Ancylostoma 
spp. 

2(2.63%) 

Aelurostrongylus abstrusus single 
parasite 

2 (2.63%) 

 
Overall, the study of faecal samples regarding the prevalence of Giardia 

spp. involved in producing of diarrhoea in cats indicates that Giardia spp. was 
identified in 36 of 76 analyzed samples, which would mean a positivity of 47.36%. 
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In the final analysis of the results obtained in this study, 28.94% (22 
samples) of the samples were found positive only for Giardia spp., and 18.42% (14 
samples) of the cases Giardia spp. was associated with other parasites.  
 The samples from the cats involved in the study had a parasitic fauna 
consisting of Giardia spp. associated with Toxocara spp., Ancylostoma spp., 5.26% 
(4 samples); Giardia spp with Ancylostoma spp. 2.63 % (2 samples); Giardia spp. 
with Toxocara spp., 10.52% (8 samples). Toxocara spp. is known to be the most 
common intestinal roundworm in cats. In this study, it was the most frequent 
species of helminthes (21.5%; 16/76). 

The most receptive age to the infection with Giardia was proved to be 
between 2 months and 1 year (table 3). To confirm a high percentage of infection in 
this age category further studies are needed on a greater herd. 

 
Table 3 

Positivity with Giardia spp. according to age 

No. of positive samples for 
Giardia spp. 

Age <1 year old 

No. of positive samples for 
Giardia spp.. 

Age 1-3 year old 

No. of positive 
samples for Giardia 

spp. 

Age >3 years old 

30/50 (60%) 2/16 (12.5%) 4/10 (40%) 

 

Regarding the gender factor, among the 76 samples examined, 34 
belonged to males and 42 belonged to females. From the samples derived from 
males, 17 were identified positive for parasites. From these, eight were positive 
only for Giardia spp. (23,52%), six were positive for Giardia spp. with other 
parasites (17,64%); two were positive only for Toxocara spp. (5,88%) and one was 
positive with Aelurostrongylus abstrusus (2,94%). Two samples were positive with 
Giardia spp. and Ancylostoma spp. (5,88%). Four were positive with Giardia spp. 
and Toxocara spp. (11,76%). 

Among the samples derived from the females, 33 were positive for 
parasites. 14 of these were positive only for Giardia spp. (33,33%), four were 
positive for Giardia spp. with Coccidia spp. and Toxocara spp. (9,52%); four were 
positive with Giardia spp. and Toxocara spp. (9,52%). Six were positive only with 
Toxocara spp. (14,28%); two positive with Ancylostoma spp. and Coccidia spp. 
(4,76%); two positive with Toxocara spp. and Ancylostoma spp. (4,76%) and one 
was positive with Aelurostrongylus abstrusus (2,38%). 
 Depending on the source cats studied was found next parasitic fauna 
(table 4). 
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Table 4 
The parasitic fauna according to the origin of the cats in this study 

Parasitic species Cat 
refuges 
(6 cats) 

Breeders 
(26 cats) 

Private cat owners 
(44 cats) 

Giardia spp. single 
parasite 

6/6 
(100%) 

2/26 
(7.69%) 

12/44 (27.27%) 

Toxocara spp. single 
parasite  

0 4/26 
(15.38%) 

4/44 (9.09%) 

Giardia spp. with 
Toxocara spp.  

0 6/26 
(23.07%) 

2/44 (4.54%) 

Giardia spp. with 
Toxocara spp and 

Coccidia spp. 

0 0 4/44 (9.09%) 

Giardia spp. with 
Toxocara spp and 

Coccidia spp. 

0 0 2/44 (4.54%) 

Giardia spp. with 
Ancylostoma spp. 

0 0 2/44 (4.54%) 

Toxocara spp. with 
Ancylostoma spp. 

0 0 2/44 (4.54%) 

Ancylostoma spp. with 
Coccidia spp. 

0 0 2/44 (4.54%) 

Aelurostrongylus 
abstrusus single 

parasite 

0 0 2/44 (4.54%) 

 

Fecal samples after analysis according to race were found Giardia spp. 
positive: 32 Giardia positive samples from all 64 European breed; two of the four 
samples were positive Turkish Angora; of the Persians race two of the six samples 
were positive and the Siamese (2 samples) breed both samples were negative. 
 In cats, clinical signs from infections with Giardia develop diarrhoea is the 
typical sign. The cats may also undergo weight loss, and kittens may fail to gain 
weight. The diarrhoea that is observed tends to be due to problems with 
malabsorption and steatorrhea, and for this reason, the feces tends to have 
increased levels of neutral fats, and be soft and pale in color. 
 Risk factor analysis revealed that cats from refuges and cats, which were 
less than one year of age, were at the greatest risk of Giardia infection.  
 Refuge cats are at more risk of infection due to the direct contact they have 
with other cats and their excrement, environmental contamination and the 
immunosuppressive effects of stress. Younger animals are at risk of infection due 
to their immature immune systems.  
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 Our results show that cats of any sex, age, breed and lifestyle are 
susceptible to Giardia infection. In addition, they seem to suggest that exposure to 
this parasite may be incidental for cats. 
 Aelurostrongylus abstrusus is a lungworm of domestic cats having indirect 
life cycle and a worldwide distribution. In the past few years, case reports of 
aelurostrongylosis have been reported from many European countries with 
prevalence values between 0,7% and 1% in Germany (10) and 22% in Croatia 
(11). 
 In one study Mircean (16) reported the prevalence of endoparasite in 
household cats from Transylvania region (Romania) was high (34,3%), and was 
associated with rural areas (69,5%), access of cats to outside (45,8%) and young 
age (46,2%). 
 Rates of infection reported in cats worldwide have ranged from 2,4% to 
80% (12). 
 Furthermore, there are epidemiological data providing strong circumstantial 
evidence of possible zoonotic transmission between humans and pets (22). Thus, 
detection of Giardia infection in cats may be of considerable epidemiological 
significance. However, despite the public health significance and possible zoonotic 
potential, the prevalence of Giardia in cats in Italy has not been investigated 
extensively. 
 According to a limited number of previous surveys carried out in Italy, 
Giardia infection has been found in 5.6% of stray cats by De Carneri and Castellino 
(7), in 14% of shelter cats by Canestri-Trotti et al., (5) and Bianciardi et al., (3) 
reported a prevalence rate of 4,1% in 48 shelter and household cats by means of 
an enzyme immunoassay (EIA) test. 
 Few studies have been undertaken in cats but Vasilopulos et al. (23) 
examined 250 cats from Mississippi and Alabama, U.S.A and of 17 positive for 
Giardia found six infected with Assemblage A-I and 11 with Assemblage F (the cat 
genotype). 
 One study in Spain reported a prevalence of 89.7% (12) while another 
study performed in the USA reported a prevalence of only 24.6% (14). 
 Studies conducted overseas have recorded prevalence‘s of 2,4 and 7,3%, 
respectively, in cats (12). Similarly, in Australia Swan and Thompson (20) found a 
prevalence of 14% in their study in Western Australia and a prevalence of 16% was 
recorded (21) in Sydney. Interestingly, Sargent (17) did not detect Giardia in cats 
from refuges and veterinary clinics in Perth using microscopy.  

 
Conclusions 

 
The prevalence of parasitism with Giardia spp in Timis County was 

47.36%. 
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Giardia spp. was identified as single parasite with a prevalence of 
28,94% and Giardia spp. associated with other parasites with a prevalence of 
18,42%. 
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Summary  
 

 In the present article was broached the risk factors for Larva Migrans Visceralis. 
The parasitic roundworm Toxocara canis is present in dog population all over the world. This 
parasite is the etiological agent for Toxocariasis. The canine fecal contamination and the 
potential transmission of parasite to human and canine populations represent a public health 
problem of cosmopolitan importance. It is important to know the biology of this parasite, 
pathways and sources of contamination, to prevent the infections in dogs and to protect 
humans from these infections. 

Key words: Toxocara canis, larva migrans visceralis 

 
Toxocara canis (also known as dog roundworm) is an ascarid nematode 

present in domestic and wild canids. This parasite is in the order Ascaridida, 
superfamily Ascaridiodea, and belongs to the family Toxocaridae. Toxocara canis 
is one of the most important gastrointestinal helminthes in dogs, with infections 
reported from all parts of the world. Adults live in the small intestine of the host and 
each female deposit thousands of eggs per day (4). 

Several studies confirm that Toxocara canis infections are also common in 
the European canine population. Nevertheless, Toxocara canis is undeniably 
present in the canine population worldwide, especially in young dogs. In adult dogs, 
the infection is usually asymptomatic. Massive invasion of Toxocara canis can be 
fatal for puppies. As paratenic hosts, a number of various vertebrates, including 
man, and some invertebrates can became infected. Humans are infected, like other 
paratenic hosts, by ingestion of embryonated Toxocara canis eggs. The disease 
caused by migrating Toxocara canis larvae (toxocariasis) results in two syndromes: 
visceralis larva migrans and ocularis larva migrans.  

For efficient prevention of infections in dogs, understanding its complex life 
cycle, including infections resulting from ingestion of either embryonated eggs from 
the environment or larvae from infected paratenic hosts, as well as infections from 
vertical transmission (intrauterine or lactogenic), is crucial. However, there are still 
unanswered questions concerning the life cycle of this nematode (21). 

 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 103 
 

Life cycle, source and way of infection 

The life cycle of Toxocara canis is more complex than other nematodes. 
Eggs of Toxocara canis are unembryonated when shed with the faeces. Under 
optimal conditions, temperatures between 25 and 30

o
C and relative humidity of 85–

95%, the development of the infective larval stage within the egg requires 9–15 
days (21). 

Nevertheless, depending on soil type and climatic conditions, development 
can vary from 3 to 6 weeks up to several months, and the infective stage in the egg 
can remain viable for at least 1 year. Thereby, the infective larval stage is not, as 
was believed for many years, the second larval stage but the third one, which 
emerges after two moults in the egg (21). 

Puppies can become infected in several ways: due to transplacental 
migration of larvae that have remaind entrenched in the tissues of the mother, by 
ingestion of viable larvae in breast milk and embryonated eggs or by eating tissues 
from animals that serve as host of infective larvae paratenic. 

After ingestion the infected larvae will start a somatic migration: traverse 
the duodenal wall, reach the liver, through the portal system comes to the 
heart,thence to the lungs, then ascend the respiratory tract and are swallowed to 
get back into the intestine where they undergo the final molt and become adults (3). 
It is believed that each adult ascarid lives for 4 months on average (21). 

After copulatory act, begin laying eggs, which are eliminated to the 
environment with the feces. First eggs are shed approximately 4–5 weeks p.i. in 
experimentally infected puppies (21), whereas in older hosts prepatency seems to 
be extended to 40 up to 56 days p.i. (6). 

Eggs are dispersed by rain, wind and other environmental factors and 
remain infective for months and in exceptional cases for years (3). 

Besides direct oral ingestion of eggs, dogs can also be infected after 
ingestion of paratenic hosts which carry Toxocara canis larvae in their tissue. 
Paratenic hosts can be, among others, birds (21), rodents, e.g. mice (21), but also 
rabbits (21), pigs (20), foxes (19), and humans (21). Paratenic hosts become 
infected by ingestion of embryonated eggs. 

There are reports of larvae staying alive for at least 2 years in the tissue of 
mice, rats, guinea pigs and rabbits and surviving several weeks in frozen carcasses 
of mice. In chickens and pigeons they were found to survive for at least 3 months 
(21). 
 After infection of dogs with paratenic hosts, observed that in some cases 
intestinal infections developed directly without tracheal migration. The most likely 
reason for this was that larvae had already migrated in the tissue of the previous 
host. Therefore, they had already reached a stage of maturity sufficient for direct 
development.  

The most important way of Toxocara canis infection in dogs is prenatal 
transmission, also known as transplacental or intrauterine transmission. There are 
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several reports stating that puppies post partum are commonly infected with 
Toxocara canis. Parenteral infection of puppies occurs not only after the infection of 
the pregnant bitch but also through reactivation of somatic tissue larvae from earlier 
infections. It is not known for sure yet how long larvae can remain and survive in 
the tissue of dogs. However, in a study on mice, larvae could be recovered from 
the tissue up to 1 year post infection. Furthermore, it was observed that a bitch 
harbouring somatic larvae can infect puppies during three consecutive 
pregnancies.  

In summary, this transmission mode is of major importance for puppies and 
may occur after reactivation of somatic larvae from previous infections of the bitch 
as well as from new infections during pregnancy. After infecting the bitch, larvae 
can either migrate directly to the offspring or remain in the somatic tissue 
depending on the time point of infection. The lactogenic transmission is of rather 
subordinate importance for the distribution of Toxocara canis (21). 

Therefore, the prenatal route appears to be the most important infection 
route for puppies. However, if a bitch becomes infected post partum, the lactogenic 
transmission is another possibility for the parasite to infect new hosts. 
Nevertheless, little is known about the development of larvae in puppies after 
ingestion of the milk. With a long prepatent period of 27–35 days after ingestion of 
larvae with the milk, a direct intestinal development seems to be unlikely (21). 

In humans falows the same route as in adult dogs, the larvae migrate to 
the liver along the portal circulation, continuing by the venous system enter the lung 
and the systemic circulation. The symptoms of the disorder will depend on the 
somatic tissue that has been affected by the worm. Toxocara canis larvae affect 
different organs in both dogs and humans but the adults parasite affect only the 
dog (3). 

 
Larva Migrans Visceralis – risk factors for humans 

 
Human Toxocariasis was first described under the name of Visceral larva 

migrans (VLM). 
VLM is a parasitic disease of humans caused by infection of Toxocara spp. 

from animals. Although it is not a frequent cause of human death, it causes 
economic loss through morbidity, reduction of productivity and expenses 
associated with diagnosis and treatment. Therefore, it is considered one of the 
most important parasitic zoonosis (14). 
 A large proportion of infections for Toxocara canis are asymptomatic, the 
larvae can migrate and produce granulomas in the liver, lung, brain, eyes and 
lymphnodes, whose number will be in direct proportion to the number of larvae 
ingested infective.  
 The clinical form of disease can include hepatomegaly, anorexia and 
general state in patients suffering. Children between 1 and 5 years are most 
affected and the main risk factors are geophagy and close contact with dogs.  
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Ocular larva migrans is the most serious form of the disease, being the 
cause of chronic endophthalmitis, retinal granuloma and peripheral retinitis. Some 
of these pictures may be confused with retinoblastoma. 

Diagnosis of the disease in humans is problematic, because the larval 
stage of Toxocara canis cannot be detected directly, except for study of biopsies. 

Moreover, as in humans the larvae do not complete their evolution, do not 
reach egg-laying, which makes impossible the direct diagnosis.  
In the world are performed continuously several studies of the prevalence of 
infection by this parasite in both canines and humans as well as the degree of 
contamination of soils (3). 

The main risk with regard to the infection of humans is the presence of 
larvae in the soil due to contamination with dog feces.  

Fecal contamination can be an important indicator of a potential 
transmission status, since this, together with prevalence, determine the amount 
and distribution of infective eggs on the soil in different environments (18). 

Urban environments offer different microenvironment types for defecation 
of dogs, and the control of fecal contamination is regarded as a difficult problem 
(16). Both the magnitude and distribution of fecal contamination should be 
considered for planning a sustainable control strategy (18). 

There is little information about the distribution of Toxocara canis larvae in 
humans; however, it is known that infection is common. For example, 31% of Irish 
children are seropositive 1:50 titre(3). 

In developed countries Larva Migrans Visceralis Syndrome caused by 
Toxocara spp. has been referred to as the second cause of intestinal worms, in 
underdeveloped countries even though other helminths are highly prevalent human 
toxocariosis can be very frequent. Systemic infection for Toxocara spp. is relatively 
common in humans with varying prevalence ranges between 3.6 and 86% in 
different countries. For example: in region Marche, Italia (1.6%); region de Tula, 
Rusia (24.9%); Campinas, Brazil (23.9%); Vienna, Austria (10%); Shiraz, Iran 
(25.6%); Resistencia, Argentina (37.9%); Port of Spain, Trinidad (27.2%) (3). 

In adults in central Europe the prevalence is 1%-4%, but may be much 
higher in young children, up to 20% in developed countries and 60% in developing 
countries. The exposure to Toxocara eggs seems to be higher in rural, than in 
urban environment. In France the infection rate was 14.4% among rural inhabitants 
and 4.8% in cities(13). Similarly in Turkey infections in rural areas was more 
prevalent (16.9%) than in towns (1.4%) (5,8). 

The presence of Toxocara eggs in the fur, especially in puppies and stray 
dogs, is an indication that direct contact with these animals may put humans at risk 
for developing an infection of clinical toxocarosis. There are two conditions that 
have to be fulfilled before an infection can develop. 

First, the eggs need to be embryonated to be infective. Secondly, ingestion 
of a sufficient number of eggs is required to stimulate an immune response and to 
cause clinical human toxocarosis. 
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In some cases were presented with very high number of eggs in the hair of 
stray dogs, and mainly their puppies, without significant difference between the 
sampled perianal area and the dorsal region (17). 

In some reports it has been suggested that the egg of Toxocara in fur of 
infected animals is much higher than in soil (22, 23, 17). 

The hair contamination with Toxocara eggs, found in the studies, is used to 
suggest that this is probably the main route of transmission to the human and that 
there lacks sufficient evidence of a direct link between seroprevalence in people 
and soil contamination (22,23,17). There are two arguments to disprove this 
suggestion (15). 

Many studies reported that children are more frequently infected than 
adults and VLM with more severe clinical symptoms is mainly found in children of 
1-3 years of age. This can be explained because young children often play in yards 
and sandpits so they have closer contact with potentially contaminated soil (1). In 
addition, they put their fingers into their mouth, sometimes eat dirt (pica), and are 
not very hygienic (9). Another argument is the fact that some surveys did not 
support a relationship of human toxocariasis and exposure to dogs in the 
household (15). 

 Another way of transmission can be childrens toys that came into contact 
with eggs of Toxocara (16). 

Geophagia is one of the most important risk factors for VLM, suggesting 
that environmental contamination with Toxocara canis is the source for human 
infection (14). 

Public parks soil constitutes an important contamination source (2).  
Humans are infected with Toxocara canis by swallowing invasive eggs. In 

the upper small bowel the eggs release larvae, which can penetrate the wall of the 
gut, gaining access to portal venous circulation and hepatic tissue. 

Larvae of Toxocara canis move actively through the liver and cause 
necrosis, interstitial edema, haemorrhage and eosinophilic exudates. Clinical 
manifestation of toxocariosis frequently includes a marked hypereosinophilia, 
asthenia, abdominal pain or asthma (12). 

Family gardens however, represent potential risk of toxocariosis as the 
consumption of raw vegetables from such localities is considered to be the cause 
of chronic low-dose infections (13). Vegetables, fruit or water contaminated with 
Toxocara eggs represent important factors of transmission for rural inhabitants (8). 

Ingestion of uncooked cow or cattle liver or meat containing the infective 
form of Toxocara canis, encapsulated larvae, represents a risk for VLM (10). 

Data from the recent study carried out in Turkey showed the presence of 
Toxocara eggs on 1.5% of unwashed vegetables used for salads (11). The kind of 
water used for irrigation of vegetable fields in regions with high rates of parasitic 
infections is also an important issue. The water used is implicated as a major route 
of direct contamination of fruit and vegetables (8). 
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Are mentioned three exposure parameters interacting with transmission of 
human toxocarosis, namely rural residence (common dog ownership and poor 
personal hygiene), socioeconomic status (poor sanitation level in disadvantaged 
areas) and favourable climatic conditions for embryonation and survival of 
Toxocara eggs (humid and warm climate)(7). 

The most important exposure in private and public yards in both rural and 
urban environment is caused by not removed pets‘ faeces (8). 

 
References 

 
1. Aydenizöz-Özkayhan, M., Yağcı, B.B., Erat, S., The investigation of 

Toxocara canis eggs in coats of different dog breeds as a potential 
transmission route in human toxocariasis, Veterinary Parasitology, 2008, 
152, Issues 1-2, Pages 94-100. 

2. Bresciani, KDS, Tome, R.O., Maia, F.S., Martins, T., Perri, S.H.V., 
Kaneto, C.N., Manhoso, Programa de orientação para o controle de 
zoonoses parasitárias em escolas municipais de Ensino Infantil de 
Aracatuba—SP, FFR 2005, Anais do XXXII Congresso Brasileiro de 
Medicina Veterinária, 156. 

3. De la Fe Rodriguez, P., Dumenigo, Ripio, B., Brito, Alberto. E., Aguiar, 
Sotelo, J., Toxocara canis y syndrome Larva migrans visceralis.- Revista 
Electronica de Veterinaria REDVET,2006, VII, ISSN 1695-7504. 

4. Despommier, D. Toxocariasis: Clinical Aspects, Epidemiology, Medical 
Ecology, and Molecular Aspects. Clin Microbiol Rev., 2003, 16, 265–272. 

5. Dogan, N., Dinleyici, E.C., Bor, O., Seroepidemiological survey for 
Toxocara canis infection in the northwestern part of Turkey, 2006, Abstract 
XI ICOPA, Glasgow, UK. 

6. Fahrion, A.S., Staebler, S., Deplazes, P., Patent Toxocara canis infections 
in previously exposed and in helminth-free dogs after infection with low 
numbers of embryonated eggs. Vet. Parasitol, 2008, 152, 108–115. 

7. Fillaux, J., Santillan, G., Magnaval, J.F., Jensen, O., Larrieu, E.,Sobrino-
Becaria, C.D., Epidemiology of toxocariasis in a steppe environment: the 
Patagonia study. Am. J. Trop. Med. Hyg, 2007,76, 1144–1147. 

8. Gawor, J., Borecka Anna, Zarnowska Hanna, Marczynska Magdalena, 
Dobosz Sabina, Environmental and personal risk factors for toxocariasis in 
children with diagnosed disease in urban and rural areas of central Poland, 
Veterinary Parasitology, 2008, 155, 217-222. 

9. Holland, C.V., Smith, H.V., Toxocara: The Enigmatic Parasite, CABI 
Publishing, Cambridge, MA, pp. 1–320, 2006. 

10. In Ho Lee, Sung Tae Kim, Dae Kun Oh, Hyung–Jin Kim, Keon Ha Kim, 
Pyoung Jeon, and Hong Sik Byun, MRI findings of spinal visceral larva 
migrans of Toxocara canis, European Journal of Radiology, 2010, 75, 2, 236-
240. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 108 
 

 

11. Kozan, E.,Gonenc, B., Sarimehmetoglu, O., Aycicek, H.,Prevalence of 
helminth eggs on raw vegetables used for salads, Food Control, 2005, 16, 
239-242. 

12. Leone, N., Baronio, M., Todros, L., David, E., Brunello, F., Artioli, S., 
Rizzetto, M., Hepatic involvement in larva migrans of Toxocara canis, Report 
of a case with pathological and radiological findings, Digestive and Liver 
Disease, 2006, 38, 511–514 

13. Magnaval, J.F., Glickman L.T., Toxocarose: actualites diagnostiques et 
therapeutiques, La letter de infectiologue, 2006, 21, 73-82. 

14. Muradian Vanesa, Gennari Solange Maria, Glickman, L.T., Pinheiro 
Sonia Regina, Epidemiological aspects of Visceral Larva Migrans in children 
living at Sao Remo Community, Sao Paulo (SP), Brazil Veterinary 
Parasitology, 2005, 134, 93–97. 

15. Overgaauw, Paul, A.M., Zutphen Van Linda, Hoek Denise, Yaya O 
Felix, Roelfsema Jeroen, Pinelli Elena, Knapen van Frans, Kortbeek M 
Laetitia, Zoonotic parasites in fecal samples and fur from dogs and cats in 
The Netherlands, Veterinary Parasitology, 2009, 163, 1-2, 115-122. 

16. Palmer, S.R., E.J. Lord Soulsby, Simpson D.I.H., Zoonoze, Editura 
Ştiinţelor Medicale, 2005. 

17. Roddie, G., Stafford, P., Holland, C., Wolfe, A., Contamination of dog 
hair with eggs of Toxocara canis, Vet. Parasitol, 2008, 152, 85–93. 

18. Rubel.D, Wisnivesky.C, Magnitude and distribution of canine fecal 
contamination and helminth eggs in two areas of different urban structure, 
Greater Buenos Aires, Argentina. Veterinary Parasitology, 2005, 133, 339-
347. 

19. Saeed, I.S., Kapel, C.M., Population dynamics and epidemiology of 
Toxocara canis in Danish red foxes, J. Parasitol, 2006, 92, 1196–1201. 

20. Sasmal, N.K., Acharya, S., Laha, R., Larval migration of Toxocara canis 
in piglets and transfer of larvae from infected porcine tissue to mice, J. 
Helminthol, 2008, 82, 245–249. 

21. Schnieder, T., Laabs Eva-Maria, Welz Claudia, Larval development of 
Toxocara canis in dogs, Veterinary Parasitology, 2011, 175, 193–206. 

22. Wolfe, A., Wright I.P, Human toxocarosis and direct contact with dogs, 
Vet. Rec., 2003, 152, 419–422. 

23. Wolfe, A., Wright, I.P, Parasitic nematode eggs in fur sample from dogs, 
Vet. Rec., 2004, 154, 408. 

 
 
 
 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 109 
 

THERAPEUTIC RESEARCH IN GYRODACTILOSIS 
 

K. UJVARI
1
, L. BERECZKY

1
, GH. DĂRĂBUŞ

2
 

 

1
State Sanitary Veterinary Laboratory of Harghita County 

530240, Progresului 14/A, Miercurea Ciuc, Romania  
2
Faculty of Veterinary Medicine Timisoara 

E-mail: ujvari_krisztian@yahoo.com 
 

Summary 
 

In this study we have made research on effectiveness of some substances against 
the Gyrodactyllus monogenean identified on rainbow trout (Onchorhynchus mykiss). 
Treatments with ammonium hydroxide reduce in totality the infection with Gyrodactyllus and 
treatments with formaldehyde and sodium chloride could only reduce the intensity of 
infection by these monogeneans. Intensified research is needed in order to develop new and 
better control methods for this helminthosis. Especially measures that optimized the 
effectiveness, productivity and profitability of trout fisheries could be search. 

Key words: Gyrodactyllus spp., rainbow trout, brook trout, antiparasitic treatment 

 
Gyrodactilosis is one of the most dangerous parasitosis which occurs in 

trout fisheries all over the World. This parasitosis is caused by Gyrodactyllus sp 
monogenean. In fish culture systems where monogeneans infections are allowed to 
develop due to appropriate abiotic and biotic conditions, uncontrolled high morbidity 
and mortality occur. If left untreated, this parasitosis will lead to serious economic 
loss for fish farmers. 

The Gyrodactyllus spp. parasites feed with mucus and exfoliate cells from 
fish tegument or gills, causing an irritation, spoliator and having toxic effect. The 
Gyrodactyllus parasitize on each age category trouts‘, but the major disorder is 
produced on fish fry. The adult fish are asymptomatic and for most of time they are 
disease reservoir (7). 

On rainbow trout (Onchorhynchus mykiss) from Bălan fisheries, in Harghita 
County it was identified Gyrodactyllus spp. parasites, with predilection on caudal 
and anal fins (2). On the brook trout (Salvelinus fontinalis) adult fishes from the 
same fisheries it were not identified any monogeneans. To treat the infected 
rainbow trout‘s it was separately used three type of chemicals: ammonium 
hydroxide, formaldehyde and sodium chloride.  

 
Materials and methods 

 
The research was made between October 2009 and April 2010 on three 

salmon groups: 
1. A group of rainbow trout (Onchorhynchus mykiss) young fishes with 2 

grams average weight, approximately 50000 exemplars; 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 110 
 

 

2. A group of rainbow trout (Onchorhynchus mykiss) adult fishes with 800 
grams average weight, approximately 1500 exemplars; 

3. A group of brook trout (Salvelinus fontinalis) adult fishes with 1200 
grams average weight, approximately 3000 exemplars. 

All the three groups of salmons are grown in different basins, in the Bălan 
fisheries, from Harghita County. 

After the routine parasitological control of few fishes Gyrodactyllus spp. 
was identified. From the two adult trouts‘ groups the samples were taken from 
caudal, dorsal and ventral fins. From the young rainbow trouts the samples for the 
parasitological investigation were taken from living fish. It is known that 
monogeneans are very sensible of dryness. That is why it important to bring the 
fish sample in water to the laboratory, especially in water from basins. 

In the laboratory the samples were prepared in the following way: we put 1-
2 drops distillate water and a part of the fins from the adult fish and the scrapings 
taken from young fish between a microscope slide and a microscope glass. The 
samples were examined on microscope, at 4x and 10x objectives. After 
examination of samples from the three trout groups we get the following results: on 
both rainbow trout (Onchorhynchus mykiss) groups it was identified the 
Gyrodactyllus sp parasite. On a 30 percentage of adult rainbow trout 
(Onchorhynchus mykiss) it was visible lesion on caudal fins and dorsal fins with 
eroded rays (fig.1). The adult rainbow trout (Onchorhynchus mykiss) showed a 
medium infestation level, 4-5 parasites were counted from a sample, when the 
young fish group showed a weak infestation level with 1 or 2 monogeneans 
observed in one sample. At the brook trout (Salvelinus fontinalis) group it was not 
identified any Gyrodactyllus spp. parasite. 

 

  
 

Fig. 1. Eroded caudal fin of adult rainbow trout (Onchorhynchus mykiss) 
 

After the identification of Gyrodactyllus spp. in the two rainbow trout 
(Onchorhynchus mykiss) groups, these were treated with three different chemical 
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substances. The adult brook trout (Salvelinus fontinalis) group was not treated. 
After the two rainbow trout (Onchorhynchus mykiss) groups were treated, samples 
were taken from brook trouts‘ too. In this study three substances were used: 
ammonium hydroxide 33%, formaldehyde 29% (formalin) and sodium chloride 
(common salt). 

The treatment consisted of the immersion of the fish in a basin with the 
following dimension: 60x250x60 cm, 0.9 m

3
 capacity, equivalent with 900 liters. 

The doses, the immersion time and the rough guided prices for each substance 
used are written bellow: 

  

  
 

Fig. 2. Gyrodactyllus spp. from caudal fin of adult rainbow trout (Onchorhynchus 
mykiss) 

 
1. Ammonium hydroxide – 1 ml/l or 900 ml substances for 900 litters 

water; short time immersion for 30 seconds and 60.7 Ron; 
2. Formaldehyde (formalin) – 0.25 ml/l or 225 ml substances for 900 

litters water; the immersion time was 15 minutes and the price 1.75 
Ron; 

3. Sodium chloride (common salt) – it was used at 1.5% or 1350 g for 
900 litters water; the immersion time was 20 minutes and the price 
17.4 Ron. 

Ammonia compounds can be used just for dips or short time immersion, 
because autointoxication of the infected fish may occur. Ammonium hydroxide 
penetrates the cellular membranes of the parasites (6). Formaldehyde is very 
efficacious against dactylogyrids and gyrodactylids, but his main disadvantage is its 
relatively high toxicity for fish. 

For this research from each of the two rainbow trout (Onchorhynchus 
mykiss) groups three subgroups were created, which were treated separately with 
one of the substances described above. During the treatment the major parameters 
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of water (Temperature, pH and dissolved oxygen) were measured. The following 
values were registered: 10oC, 5.85 pH and 10.48 mgO2/l. 

 
Results and discussions 

 
Similar researches on monogenean with the three substances have been 

made by others authors. Chan and Whu were found that long-term treatment with 
sodium chloride reduces the intensity of Pseudodactylogyrus infection on eels (3). 
The same authors and Golovin and Shukhgalter made researches with ammonia 
treating eels against Pseudodactylogyrus (3, 4).  Formaldehyde treatment was 
used by Chan and Wu and according to Buchmann for years this was the only 
substance used against Pseudodactylogyrus in Denmark (1). 

After identification of Gyrodactyllus sp on rainbow trout (Onchorhynchus 
mykiss) a treatment with three different substances was made. Therefore the 
following chemicals were used: ammonium hydroxide, formaldehyde (formalin), 
sodium chloride (common salt). The two rainbow trout groups infested with 
Gyrodactyllus sp were divided in three subgroups and each of them was treated 
with one of the substances described above. The results obtained before and after 
the treatment are described in the table1. 

Table 1 
 

The prevalence of Gyrodactyllus sp before and after the treatment with three 
different substances on six different fish groups 

Group treated with: 
Ammonium 
hydroxide 

Formaldehyde 
(formalin) 

Sodium chloride 
(common salt) 

Young 
rainbow 

trout 

Gyrodactyllus spp. 
prevalence (%) 
before treatment* 

95 95 95 

Gyrodactyllus spp. 
prevalence (%) 
after treatment* 

0 0 4.75 

Adult 
rainbow 

trout 

Gyrodactyllus spp. 
prevalence (%) 
before treatment* 

100 100 100 

Gyrodactyllus spp. 
prevalence (%) 
after treatment* 

0 5 10 

 
Note: 
* 20 fish from young rainbow trout group respectively 20 samples from 20 

adult rainbow trout were controlled. 
The effectiveness of treatments is written bellow in the chart nr. 2.  
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Table 2 
The effectiveness of treatments made with three different substances on six 

different rainbow trout groups 

Group treated with: 
Ammonium 
hydroxide 

Formaldehyde 
(formalin) 

Sodium 
chloride 

(common salt) 
Young 

rainbow 
trout 

Effectiveness of 
treatments (%) 

100 100 95 

Adult 
rainbow 

trout 

Effectiveness of 
treatments (%) 

100 95 90 

 
Comparing the effectiveness of treatment‘s results that ammonium 

hydroxide kills the parasites in 100 percentages. The formaldehyde is efficient at 
adult fish just 95 percentages and the sodium chloride 90 percentages on adult fish 
and 95 percentages on young fish. Formalin is the cheapest substances from all 
but his efficacy is related to water temperature. Under 9

o
C it is going inactiv and 

without any effect. Despite that many chemicals are efficient in treating 
monogeneans, the major problem in handling with this type of parasitosis is to 
avoid suprainfestation. 

 
Conclusions 

 
Treatments with ammonium hydroxide reduce in totality the infection with 

Gyrodactyllus and treatments with formaldehyde and sodium chloride could only 
reduce the intensity of infection by these monogeneans.  

Intensified research is needed in order to develop new and better control 
methods for this helminthosis.  

Especially measures that optimized the effectiveness, productivity and 
profitability of trout fisheries could be search. 
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Summary  
 

In the paper are presented the results obtained by bacteriological exam, concerning 
Streptococcus suis infection, from 37 cadavers of suckling and young piglets aged between 
40 and 100 days. 

Bacterioscopical and bacteriological examination together with the biochemical 
characteristics allowed classification of the isolates into Streptococcus suis species. 

The isolated strains were resistant to most of the antimicrobials tested. There 
wasn‘t registered any sensitive strain to 7 out of the 11 antimicrobials (gentamicin, 
amoxicillin, erythromycin, neomycin, doxycycline, enrofloxacin, trimethoprim). Only regarding 
the amoxicillin-clavulanic acid the number of sensitive strains was superior to that of the 
resistant strains, probably due to the reduced usage of this antibiotic in pig farms. 

Keywords: Streptococcus suis, antibiosensitivity 

  
The natural habitat of S. suis is the upper respiratory tract (primarily tonsils 

and nasal cavities), genital tract and alimentary tract of pigs. S. suis was also 
isolated from a large number of animals and birds (4, 8, 9). 

Swine streptococcal infections affect all groups of age, but maximum 
sensitivity manifest piglets in the first two months (1, 7, 10). Some authors report 
the disease even in the early days of life, while others believe that the highest 
frequency is around weaning (2, 3, 5). Sensitivity is influenced by a number of 
hygiene and dietary factors, which reduces the body's resistance. 

The incidence of the disease varies from one period to another. It is 
generally below 5%, even if 100% of pigs are carriers (6). Without treatment the 
mortality rate can reach 20% (7). 

The paper presents the characteristics of some Streptococcus suis strains 
isolated from pigs with septicaemic lesions and their sensitivity to different 
antibiotics, too. 

 

Materials and methods 
 

During November 2009 - March 2010 there were examined 37 dead 
suckling and young piglets aged between 40 and 100 days. The cadavers came 
from pig farms from western part of the country. During the clinical examination the 
pigs showed nervous symptoms associated with arthritis and the necropsy 
examination reported a generalized congestion. 

Primary isolation was made from organs (liver, spleen, brain) on 5% 
defibrinated calf blood agar. The strains were incubated for 24 hours at 37ºC. 
Preliminary identification was based on morphological and cultural characteristics, 
tinctorial affinities, oxidase test, catalase test and also on the respiratory type. In 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 116 
 

 

order to replicate them, primary colonies were examined using a stereoscopic 
magnifying glass. The morphology and tinctorial affinities of the bacteria were 
examined using the Gram staining method.  

The antibiogram was done by using the disk diffusimetric method, 
according to the well known principles. Using a Pasteur pipette it was taken a 
quantity of 1 to 1.2 ml from the 24 hours liquid medium pure culture. The surface of 
the Mueller-Hinton agar supplemented with 10% defibrinated calf blood was 
flooded with the bacterial culture, the excess was discarded. The Petri plates were 
incubated after the inoculation, with half open lid for 15 minutes to dry out. The 
disks were distributed afterwards and the result was read and interpreted after 24 
hours of incubation at 37°C. 

The Streptococcus suis studied strains were tested against the following 
antimicrobials: amoxicillin-clavulanic acid, gentamicin, tiamulin, amoxicillin, 
erythromycin, neomycin, doxycycline, enrofloxacin, penicillin, ceftiofur, 
trimethoprim. 

The result‘s reading consisted of the assessment of the inhibition area size 
induced by the antimicrobial, an area where there is no bacterial colony. The 
diameter of the inhibition area is directly proportional to the sensitivity of that germ. 
The interpretation of the results was made by using tables related to the 
interpretation of the sensitivity of bacteria, as specified by the supplier companies. 

 
 

Results and discussions 
 
The anatomopathological examination revealed the presence of congestive 

and hemorrhagic lesions of the serous membranes, meninges and brain (Fig. 1), 
and parenchymal organs. In the serous cavities there was found an abundant, 
yellow-brown exudate and the presence of discrete deposits of fibrin was revealed 
on the surface of the organs from the abdominal cavity (Fig. 2). 
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Fig. 1. Lesions of meningitis – piglets 

 

 
Fig. 2 Serohemorrhagic exudates in abdominal cavity  

 
In the joint cavities of the anterior and posterior limbs there was found the 

presence of a serous content, sometimes purulent (Fig. 3). 
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Fig. 3. Purulent inflammation of the joints  

 
Table no. 1 presents the summary of the main morphological lesions from 

the pigs in which the laboratory tests confirmed the presence of Streptococcus suis 
bacterium. 

 
 

Table 1 
The synoptic of macroscopic lesions from 37 pigs with nervous symptoms 

caused by Streptococcus suis  
 

Morphopathologic lesions No. of affected pigs 

Cerebral congestion 27 

Pulmonary congestion 15 

Hepatic congestion  32 

Hemorrhagic limforeticulitis 19 

Fibrinous polyserositis 28 

Serous and purulent arthritis  21 

 
There were isolated 14 bacterial strains from 37 cadavers of suckling and 

young piglets, strains that were classified as Streptococcus suis based on the 
tinctorial, morphological, cultural and biochemical characteristics (Table 2, Fig. 4). 
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Table 2 
Biochemical characteristics of Streptococcus suis strains isolated from pigs 

 

Test Result Test (Acidification):  Result 

Voges - Proskauer Negative Ribose Negative 

Hippurate hydrolysis  Negative Arabinose Negative 

Esculin hydrolysis Positive Mannitol Negative 

Pyrrolidonyl arylamidase Positive Sorbitol Positive 

α galactosidase Positive Lactose Positive 

ß glucuronidase  Positive Trehalose Positive 

ß galactosidase Negative Inulin Positive 

Alkaline phosphatase Negative Raffinose Positive 

Leucine arylamidase Negative Starch Positive 

Arginine dihydrolase Positive Glycogen Positive 

 
 

 
Fig. Streptococcus suis pe API 20 Strep 

 
 

Fig. 4 Biochemical behavior of Streptococcus suis bacterium on  
API 20 Strep 

 
As seen in figure 5, most of the S.suis strains were resistant to almost all 

antimicrobials for which susceptibility testing was done, except for amoxicillin-
clavulanic acid, to which, only one, out of 14 tested strains, was resistant. On the 
one hand, this can be explained by introducing this drug combination only later in 
the therapy, and on the other hand, by less frequent usage in pig farms due to the 
high cost. 

The tested strains consistently showed resistance to the most commonly 
used antibiotics in pigs (amoxicillin, enrofloxacin, erythromycin, doxycycline), as the 
resistance proportion of S.suis tested strains to penicillin was 58.3%, to amoxicillin 
83.3%, to enrofloxacin 64.2%. 

There was reported a multiple resistance to the antimicrobials tested, a 
phenomenon that occurs mainly due to the excessive usage of antibiotics, or due to 
their uncontrolled usage by the farmers (6, 8, 9). 
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Fig. 5. Dynamics of antibiotic susceptibility of Streptococcus suis strains 
 
 

Conclusions 
 

Streptococcus suis produced to the studied pigs predominantly nervous 
symptoms and septicemic lesions associated with arthritis, meningitis and 
serohemorrhagic exudates in cavities. 

Bacterioscopical and bacteriological examination together with the 
biochemical characteristics allowed classification of the isolates into Streptococcus 
suis species. 

The isolates showed resistance to most of the antimicrobials tested. 
Regarding 7 out of 11 antimicrobials there weren‘t registered any sensitive strains 
(gentamicin, amoxicillin, erythromycin, neomycin, doxycycline, enrofloxacin, 
trimethoprim). Only to amoxicillin-clavulanic acid the number of sensitive strains 
was superior to that of the resistant strains, probably due to the reduced usage of 
this antibiotic in pig farms. 
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Summary 

 
Transmissible viral proventriculitis (TVP) is an infectious disease evolving in broilers, 

was first reported in Holland, then in the U.S. and Australia. In intensive aviculture this disease 
is associated with runting or stunting syndrome, causing significant economic harm. 

In 1996 in USA, Goodwin et. al identify through electron microscopy a virus who 

was called by others researchers adenovirus-like. 
Was taken to study an outbreak of broiler chickens, 6120 in number, being made 

epidemiologic, clinic and anatomopathologic examination (macroscopic and histological exam). 
The frequent of TVP was followed by necropsy examination, made biweekly, and 

the results are shown in Table I. 
The clinic examination highlighted the uneven appearance of the chickens has 

increased from week III. Diseased chickens presented a cyclic polymorphism similar with 
malabsorption syndrome. 

Macroscopic anatomopathologic lesions was reported only in proventriculus. This 
organ is enlarge and friable, and the isthmus are enlarge also, transition between the two 
organs are not well defined. The mucosa of proventriculus have pronounced lobular aspect 
because the glands are enlarge and on the digital pressing is removed a white-viscose 
content. 

Key words: broiler chickens, proventriculitis, viral 
 

Transmissible viral proventriculitis (TVP) is an infectious disease evolving 
in broilers, was first reported in Holland, then in the U.S. and Australia. In intensive 
aviculture this disease is associated with runting or stunting syndrome, causing 
significant economic harm (1, 3). 

In 1996 in USA, Goodwin et. al identify through electron microscopy a virus 
who was called by others researchers adenovirus-like (2). 

In subsequent years, the disease has spread in more countries, on 
diseased chickens were identified several viruses (reovirus, parvovirus and 
birnavirus). 

The research was carried out in a broiler farm, reared permanent litter, 
which was reported runting or stunting syndrome. 
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Materials and methods 
 

Was taken to study a flock of broiler chickens, 6120 in number, being made 
epidemiologic, clinic and anatomopathologic examination (macroscopic and 
histological exam). For this purpose, daily mortality was recorded, diseased 
chickens were examined clinically and the cadavers were necropsied biweekly 
being collected sample for histological examination. 

 
Results and discussions 

 

Epidemiologic examination revealed at the flock of chicken taken in this 
study the existence of predisposing factors (humidity, noxious gases, 
overpopulation) and possibility of vertical transmission of disease, because on 
chicks from other series, PVT hasn‘t been reported. 

Weight gain determined by weekly weighings showed a lower feed 
conversion, average weight being 25% lower than standard weight and the flock of 
chicken being unevenly. 

Cumulative mortality, calculated weekly, was maximum in the second week 
and in the end of the period was 8.02% (table 1). During the period when the series 
of chicks was monitored hasn‘t evolved nontranssmisible or transmissible disease 
leading to a significant increase of mortality. 

The frequent of TVP was followed by necropsy examination, made 
biweekly, and the results are shown in Table 1. 

TVP had a relatively constant frequency, being higher in weeks I and II. 
The disease presence, in the first two weeks of life, suggests the vertical 
transmission of TVP, phenomenon reported in the scientific literature (1, 3). 

Evolution of TVP and weekly frequency shows values similar with data of 
other authors. 

Epidemiologic examination made on flock of chicken taken in this study, 
showed the frequency of TVP, the presence of risk factors and the possibility of 
vertical and horizontal transmission on this disease both in hatchery and in the farm 
also. The possibility of vertical and horizontal transmission in hatchery of TVP, was 
suggested by the frequency of disease in the last 3 weeks of life of chickens. 

The clinic examination highlighted the uneven appearance of the chickens 
has increased from week III. Diseased chickens presented a cyclic polymorphism 
similar with malabsorption syndrome. The chickens with TVP, even if they don't die, 
they have a lower feed conversion and they are considered non-economic. The 
clinic polymorphism, uncharacteristic, is reported, by others authors on chickens 
with TVP. 

Macroscopic anatomopathologic lesions was reported only in 
proventriculus. This organ is enlarge and friable, and the isthmus are enlarge also, 
transition between the two organs are not well defined. The mucosa of 
proventriculus have pronounced lobular aspect because the glands are enlarge 
and on digital pressure is removed a white-viscose content. 
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This macroscopic lesions are considerate characteristic by others authors 
(1, 2, 3). 

 
Table 1 

TPV frequency and cumulative mortality 

 
Week 

Cumulative 
mortality 

Corpses necropsy TPV 

 
No. 

 

 
% 

 
No. 
 

 
% 

 
No. 

 

 
% 

Ι 34 0.56 4 - 1 25 

ΙΙ 112 1.83 26 - 7 26.92 

ΙΙΙ 179 2.92 26 - 5 19.23 

ΙV 78 1.27 31 - 7 22.58 

V 88 1.44 - - - - 

Total 491 8.02 87 - 20 22.99 

 

Conclusions  
 

TVP was reported on the flock of broiler chickens raised ground, the 
disease frequency being of 23.33%, during the examination period. 

The presence of proventriculus lesions, in the firsth two weeks of life 
sugests vertical transmission of this disease and the horizontal trasmission in 
hatchery. 

The diseased chickens showed symptoms characteristic of runting or 
stunting syndrome. 

The macroscopic anatomopathological lesions were: enlarge and friable 
proventriculus, enlarge of isthmus and mucosa glands. 
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Summary  
 

In 1972 was diagnosed for the first time, the chickens, necrosis of the femoral head 
at that time the etiology of this disease is controversial. Subsequently, several research 
teams have studied the etiology and pathogenesis of this disease, proving that occur: avian 
reovirus, E. coli (APEC strains), staphylococci, enterococci and other bacteria.  

This study was made in a number of broilers, increased ground, with a herd of 6500 
heads. Pathological examinations were conducted twice weekly, starting on the first day of 
life until the 7 week - when a flock of chickens was slaughtered. There were 153 necropsied 
cadaver that followed the frequency of necrosis of the femoral head and the presence of 
other infectious diseases.  

To identify potential pathogens were performed bacteriological and serological 
examinations.  

The pathological examination determined the prevalence of this disease was, 
throughout the series, this indicator with a value of 63.40% relative, reported the number of 
bodies autopsied and 13.16% reported in mortalitaea cumulative.  

Bacteriologic analysis of samples performed revealed the presence of one bacterial 
species, namely E. coli, all isolates were classified in the APEC pathotype.  

The results of serological examination confirmed the presence of avian reovirus 
infection in flocks of chickens under observation. The antibody titers postinfection obtained 
after harvesting the ΙΙ has demonstrated the presence of seroconversion phenomenon 
reovirosis consecutive evolution. 

Key words: broiler, femoral head, necrosis. 
 
 

In 1972 was diagnosed for the first time, the chickens, necrosis of the 
femoral head at that time the etiology of this disease is controversial. 
Subsequently, several research teams have studied the etiology and pathogenesis 
of this disease, proving that occur: avian reovirus, E. coli (APEC strains), 
staphylococcus, enterococcus and other bacteria. These biotic pathogens act 
according to the preference of many predisposing factors associated with the 
intervention represented by: hybrid increased age, feeding chickens, growing 
technology and hygiene conditions (1, 3, 4, 5). 

This disease has been reported in recent years in broiler farms in west of 
the country, with varying frequency. 

The research was conducted in a broiler farm in the Timis County, where 
the necrosis of the femoral head evolved in different frequency in chickens. 
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Materials and methods 
 

This study was made in a number of broilers, increased ground, with a 
herd of 6500 heads. 

Pathological examinations were conducted twice weekly, starting on the 
first day of life until the 7 week of July, when a flock of chickens was slaughtered. 

In total there were 153 chickens necropsy and was tracked the frequency 
of necrosis of the femoral head and the presence of other infectious diseases. 

From cadavers with necrosis of the femoral head and others specific 
lesions were sampled, long bone respectively, for bacteriological examination, 
primary sowings were made in broth and on agar, from long bone.  

After 18-20 hours of incubation at 37 ° C in aerobically condition, were 
appreciated morphologic and cultural characters, isolates strains were 
biochemically identified. 

Cultures identified as E. coli, was subsequently passed on API 20E 
galleries and interpreted according to the methodology. 

Fixing the dye Congo Red agar was made on TSA (Tryptic Soy Agar) with 
added 0.15% bile salts and 0.03% dye. 

Serological examination was carried out in order to confirm infection with 
avian reovirus. Blood samples were taken from chickens in a randomized mode, as 
follows: 
- R1: 17 days old (20 samples) 
- R2: 31 days old (20 samples) 

Specific antibodies were detected by ELISA (Enzyme Linked 
Immunosorbent Assay), using the kit FlockChek Avian Reovirus Antibody Test Kit, 
furnished by IDEXX Laboratories, Inc. 
 

Results and discussions 
 

Research conducted on broilers series taken in this study have provided 
important results on the etiology of necrosis of the femoral head and its prevalence 
depending of broilers age. Laboratory examination results revealed that the main 
etiological agents are avian reovirus and E. Coli (APEC strains). 

Pathological examination who was performed twice weekly, starting on the 
first day of life of chickens revealed the presence of necrosis of the femoral head in 
varying degrees, depending on the age-old broilers. The prevalence of this disease 

is given in Table 1. 
Necrosis of the femoral head was unilateral or bilateral. In some chickens 

necrosis was more pronounced, and in others was less pronounced, affecting only 
the articular cartilage. 

By this test was established prevalence of this disease throughout the 
series, this indicator with the relative value of 63.40% reported the number of 
chickens necropsied and 13.16% reported on cumulative mortality. Lowest 
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prevalence was reported in the weeks Ι, ΙΙ and ΙV, and in the weeks ΙΙΙ, V, VΙ, VΙI it 
has had the highest values. Unilateral necrosis was present in 30.07% of 
necropsied chickens and bilateral necrosis was present in 33.33% of necropsied 
chickens. 

At 81 necropsied chickens, this disease has been associated with 
colisepticemia, mycoplasmosis and pseudomonosis, representing 52.94%, 
indicating that at least at this chickens, necrosis of the femoral head was 
associated with other infectious disease. 

At broilers chicken taken in this study, was determined and cumulative 
mortality also who had the absolute value 737, and the relative value was 6.7%. 

 
Table 1 

The frequency of necrosis of the femoral head and cumulative mortality 

 
Weeks 

Number of 
cadaver 

Number of 
necropsied 

cadaver 

Cumulative 
mortality 

Necrosis of the 
femoral head 

 
Number 

 

 
% 

 
Number 

 

 
% 

 
Number 

 

 
% 

 
Number 

 

 
% 

Ι 87 11.80 16 10.46 87 0.80 12 7.84 

ΙΙ 98 13.30 12 7.84 98 0.90 9 5.88 

ΙΙΙ 103 13.98 24 15.69 103 0.94 16 10.46 

ΙV 85 11.67 15 9.80 86 0.78 10 6.54 

V 125 16.96 27 17.65 125 1.14 16 10.46 

VΙ 116 15.74 30 19.61 116 1.05 18 11.76 

VΙΙ 122 16.55 29 18.95 122 1.11 16 10.46 

Total 737 100 153 100.00 737 6.7 97 63.40 

 
Bacteriologic analysis of samples performed revealed the presence of one 

bacterial species, namely E. coli, all strains isolates were classified in the APEC 
pathotype. From a total of 97 bacteriological samples examined 41 respectively 
42.27% were positive, were only strains of E.coli isolated. Isolations frequency of E. 
coli strains is given weekly (Table 2). 

Serological examination was carried out to confirm avian reovirosis who 
was epidemiological and anatomoclinical suspected at chickens. The results of this 
examination, performed by ELISA, are shown in Table 3. 

At the first harvest at 17 days old, six groups of titers were identified (0-5), 
with a minimum titer of 12 D.O. and the maximum titre of 1022 D.O. 

At the secound harvest at 31 days old, have been identified 8 groups of 
titers (0-7), the minimum titre being of 63 D.O., and maximum titre being of 1453 
D.O.. 
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Analyzing these results, we note that at 17 days old (R1) were 10 positive 
serum samples, respectively 50%, and at age of 31 days (R2), 19 samples were 
positive for serum, respectively 95% (Table 4). 

The results show that in a period of 14 days the proportions of positive sera 
increased 1.9 times, suggesting that the avian reovirus infection have horizontal 
extension in the flock under observation. 

At the age of 17 days the geometric mean confirm presence of antibody 
antireovirus at one titre which have the value of 7.42 times more than the minimum 
titer positive considered. 

At the age of 31 days, respectively after 14 days from the first harvest, the 
titres geometric mean were of 2.75 times more than previous age, and the value of 
geometric mean were of 20.41 timies more than minimum positive titre from the 
first hervest. Also for the age of 31 days maximum titre was 1.42 times higher than 
the maximum titre of serum obtained from the age of 23 days. 

The results of serological examination confirmed the presence of infection 
with avian reovirus of chicken flocks. Postinfection antibody titers obtained after 
second harvesting demonstrate the presence of the seroconversion phenomenon 
consecutive evolution reovirosis avian. Also confirmed the presence of avian 
reovirus like etiologic agent of necrosis of the femoral head. 

Necrosis of the femoral head develops in recent years, frequently in broiler 
chickens being produced in association with some strains of avian reovirus with 
some bacteria, frequently with E. coli (APEC strains), with staphylococcus and 
enterococcus ((11,,  22,,  44,,  77)).. 

This value is similar to the prevalence reported of other authors. Thereby 
McNAMEE PERPETUA (2000), through research conducted established that the 
disease prevalence was 17.3%. Similar values of prevalence were reported from 
other authors (5). 

The research conducted was proven involvement in the etiology of this 
disease, two biotic agents, of infectious nature, respectively avian reovirus and 
strains of E. coli, belonging to APEC pathotype. The presence of avian reovirus 
infection was confirmed by serological assay (ELISA), which revealed a marked 
seroconversion, indicative of a progressive infectious process. The presence of 
reovirus infection was suspected in clinical examination also, who revealed the 
presence of malabsorption syndrome at broiler chickens. 

Results of bacteriological examination revealed the presence of E. coli 
strains based on phenotypic testing that character, the setting of red Congo, allow 
discrimination APEC strains responsibles for extraintestinal infections, having a 
place of penetration of the body, respiratory system. These APEC strains 
consistently produce at meat chickens, septicaemic infections, who in this 
researchs, was confirmed by the presence of fibrinous polyserositis lesions and 
isolation of a number of 41 strains of E. coli. These strains who have set Congo red 
which allows integration into APEC pathotype. Several researchers have 
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demonstrated the association of necrosis of the femoral head with colisepticemia, 
demonstrating in this way the pathogenic role of these strains (4, 5, 7). 

Because don't have been isolated strains of staphylococcus and 
enterococcus, as communicated Oktay (2009) in one study, isolated E. coli with a 
larger number of strains of staphylococcus and enterococcus, we can not confirm 
the role of these bacteria in disease etiopathogenesis (6). 
 

Table 2 
The result of bacteriological examination 

Weeks 
Number of 
examinated 

samples 

Positive samples 
 

Bacterial 
species 

Negative samples 
 

Number % Number % 

Ι 12 7 58.33 E.coli 5 41.67 

ΙΙ 9 4 44.44 E.coli 5 55.56 

ΙΙΙ 16 8 50.00 E.coli 8 50.00 

ΙV 10 7 7.00 E.coli 3 3.00 

V 16 8 50.00 E.coli 8 50.00 

VΙ 18 4 22.22 E.coli 14 77.78 

VΙΙ 16 3 18.75 E.coli 13 81.25 

Total 97 41 42.27 E.coli 56 57.73 

 
Table 3 

The result of serological examination 

No. R 1/ 17 days/ 20 samples R2/ 31 days/ 20 samples 

Titer group No. of 
samples 

Titer group No. of 
samples 

1. 0 10 0 1 

2. 1 3 1 1 

3. 2 4 2 2 

4. 3 3 3 2 

5. 4 - 4 3 

6. 5 - 5 5 

7. -  6 3 

8. -  7 3 

9. Maximum titer 1022 D.O Maximum titer 1453 D.O. 

10. Minimum titer 12 D.O. Minimum titer 63 D.O. 

11.  Geometrical 
mean titers 

89 Geometrical 
mean titers 

245 
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Conclusions 
 

Necrosis of the femoral head, the specific diseases of broilers reared 
intensively, was diagnosed on a farm, having a prevalence of 13.16% raported on 
cumulative mortality and one of 63.40% raported of number of necropsied cadaver.  

The disease was reported starting from the first week of life the chickens, 
the weekly prevalence ranging between 5.88% -11.76%.  

By bacteriological examinations were performed isolated strains of E. coli, 
classified based on phenotypic characters, in APEC pathotype, proportion of these 
strains isolation was of 42.27%. 

By serological tests carried out by immunoassay test, were put in evidence 
antibodies of avian antireovirus , confirming the infection with this virus, and the 
phenomenon of seroconversion confirmed active development of an infectious 
process. 

Laboratory examinations revealed the presence of avian reovirus strains 
and APEC, both agents are considered the main infectious agents etiologic of 
necrosis of the femoral head. 

By bacteriological examination were not identified staphylococcus and 
enterococcus that was considered by some researchers as etiologic and bacterial 
agents that occur in the etiology of this disease. 
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Summary  
 

The principle of Transmittance (T) is proposed for a test to detect mastitis cow side 
with the aid of a portable electronic device, called Milktester RMM. Transmittance value 
depends on the concentration, color and homogeneity of a sample, crossed through by a 
beam of monochromatic electromagnetic radiation. Milktester RMM is o prototype designed 
to detect and quantify modifications of homogeneity and color which characterizes an 
abnormal milk, in accordance with the current Regulation (EC) No 853/2004 of the European 

Parliament. The proposed optical device is able to measure, calculate and display, in a few 
seconds, the transmittance coefficient of intensity (TCI) and deviation coefficient (DC) which, 
in their turn, is influenced by at least three kinds of alterations: concentration in different 
substances, color and turbidity. Every reading for every quarter is taken into account and 
calculates by comparison to the average value of the other two quarters, belonging to the 
same animal, considered normal, healthy and taken as reference. 

Key words: abnormal milk, milk tester, mastitis detection 

 
One of the most widely debated issues along the elapse of time, both 

within food industry and in veterinary medicine, was the quality control of milk. 
From the chemical point of view, the problem was somehow easier to solve, but 
from the sanitary point of view, things appeared to be more difficult. It is well known 
that both clinical- and subclinical mastitis cause very important economic losses. 
Clinical mastitis produces losses in milk production, which must be discarded, and 
an overuse of medicines. Subclinical mastitis are also costly, because they are 
more numerous, clinical unapparent and therefore often neglected, their milk 
seems normal and acceptable for human consumption, but is reduced 
quantitatively, and has lower shelf-life and suitability for processing (2, 12). 
Therefore, many efforts were directed in the last half century in order to find 
increasingly improved methods and techniques of keeping under control subclinical 
mastitis. Among them, California Mastitis Test (CMT) and related techniques, 
Electroconductibility (EC) and Somatic Cells Counter (SCC) are now days the most 
widespread in practice, in spite of the fact that none of them are perfect and none 
of them could be taken as reference tests, because all of them give a certain 
percentage of false positive or negative reactions (8). But, the farmers never 
appreciate a technique which will determine them to discard an amount of milk by 
mistake diagnosticated as pathologic.  

mailto:radummoga@gmail.com
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Mammary infection always leads to a lot of different physical and chemical 
changes in milk secretion, not simultaneously or proportionally installed, and 
therefore difficult to be diagnosed using a test based on a single modification, like 
pH, EC, SCC. That is why nowadays, beside the CMT, a number of new tests 
occurred, able to reveal two or three changes simultaneously, like: SCC-EC; EC-
colorimetry; SCC-pH-colorimetry; SCC-pH-thermometry; SCC-EC-colorimetry and 
others (5, 4, 14, 16). An interesting approach to this subject was also made by 
Kamphuis et al. (2008) in a farm using automatic milking. Predictive value and 
correlation between three parameters - EC, color and production - were also 
studied. A new perspective concerning the mastitis control strategy has emerged in 
the last two decades, after Commission Directive 89/362/EEC (1989) specified that 
the milker is the person who must inspect the aspect of the milk and if any physical 
abnormality is detected, the milk must be considered abnormal and withheld from 
delivery (15). Let us note that the decision has nothing to do with SCC and, in this 
case, the status is by definition considered as clinical mastitis. According to this 
specification, milk can be considered normal and suitable for consummation if it 
does not exhibit modifications in homogeneity or color, regardless of the number of 
cells count (11). Therefore, lately, a certain part of researchers’ attention was 
somehow moved from the subclinical mastitis to the mild clinical mastitis, which 
produces abnormal milk. There also exists the opinion that between abnormal milk 
and SCC there is however a relationship, in the sense that abnormal milk will 
almost always have over then 200000 cells / mL and normal milk would have 
almost always less then 100000 cells / mL (11). 

 
Materials and methods 

 
The new test and device for the sanitary control of cow milk was conceived 

having as support the truism that the four samples of milk provided by the four 
compartments of a healthy udder, belonging to a healthy cow, must have 
similar physicochemical and biological characteristics. If one of the samples 
exhibits some differences that exceed a certain threshold, arbitrarily 
established, it reveals an abnormal milk and a pathological condition that 
should be considered either as subclinical or as clinical mastitis, depending 
on the magnitude of the deviation coefficient (DC) provided by the device. 
Summarizing, we can say that the new device, named Milktester RMM, serves to 
increase the macroscopic visual capacity, enabling the simultaneous 
recording and quantification of changes in concentration, color, and 
homogeneity of the milk, noticeable or unnoticeable to the direct naked eye 
examination. 

The necessity to develop a sensor able to record and quantify changes of 
milk's homogeneity and color, has been raised and forecast by many specialists, 
especially after Commission Directive 89/362/EEC (1989) established that the 
milker is the first person empowered to establish, simply by eye inspection, if a 
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sample of milk may be considered normal or abnormal (7, 9, 15). Let's note that, in 
this case, neither SCC nor other changes, visually unnoticeable, should be 
considered as criteria of differentiation between normal and abnormal milk.Thus, 
the most acute problem remained to develop a method for accurate measurements 
of homogeneity/consistency and color changes of milk, and then to establish the 
convenient threshold between normal and abnormal milk, valid for each farm and 
also to compare data registered for each mammary compartment with the average 
of the others, belonging to the same animal, considered normal and taken as 
reference. In a way, this paper could be taken as an answer to the demand 
expressed by Hogeveen et al (2001, 2003) concerning the actual necessity of 
developing a new sensor able to detect and quantify milk color and consistency. 
Such trials, but with a different approach than ours, have already been undertaken 
and are cited in recent literature (8). 

In order to be welcome in practice, such a device must meet several 
conditions, like that:  

-To provide the most reliable results, preferably numerical quantifiable, 
closely correlated with those of the main diagnostic tests known and eventually 
taken as reference; -this is possible if the new device is able to detect 
simultaneously multiple changes that occur from the very beginning of the onset in 
a mammary infection;   

-To be very quick and efficient; requiring very low-costs per sample; 
-To be simple, requiring no particularly skilled labor;  
-The tests have to be easily performed in farms with a portable device, or 

to be adapted to automatic milking. We assumed that, for the moment, all those 
conditions could be achieved most likely by optical means. It is generally known 
that a clinical mastitis produces abnormal milk, which is non-homogeneous, 
containing small gritty stuff or floaters, and changed color frequently to creamy, 
with changed density, more viscous or watery than normal. The subclinical mastitis 
produces milk with normal aspect at visual direct examination, but some of them - 
as it resulted from our subsequent research-, present however the same physical 
changes as clinical mastitis, but much more subtle, revealed only with special 
optical equipment. Just for this reason we conceived a device designed to indirectly 
measure the transmittance of a monochromatic radiation beam passing through a 
column of milk. The device was designed to process electronically the data 
obtained and display the results. Our tests showed that transmittance is influenced 
not only by the composition and concentration of the contained substances but also 
by color and suspended particles.  

 
Results and discussions 

 
The new device, conceived by Radu Moga Manzat and called Milktester 

RMM (13), currently found in the prototype stage, is an electronoptical device, 
designed to perceive and measure changes in composition, concentration, color 
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and turbidity of a sample of milk crossed by a beam of monochromatic radiation. 
This is possible through indirect measurement of the intensity of the emerging 
radiations. The device is composed of: a monochromatic radiation source; a 
sensor; a display window; an accu-battery; a digital multimeter; a processor 
designed to calculate and compare the measurements and to display the result; a 
potentiometer; a switch; and a charger. On the cover of the device are located four 
buttons and four warning LEDs, one for each udder's compartment, and one that 
triggers calculation and display instantly the result, as red color LED for 
compartment's sample assessed as positive, and the green color LEDs 
corresponding to the compartments assessed as negative (normal milk). Red is 
assessed as positive for the sample for which the device has calculated a value 
that exceeds a certain threshold, arbitrarily established. It is possible for the device 
to detect sometimes simultaneously two positive samples, on the same animal. As 
appendixes, the device is accompanied by a partitioned tray for sampling, plastic 
rectangular vials of 3 mL and plastic pipette of 3 mL. The device is simple to use 
cow side, having a volume of only 15/12/5 cm and weighing less than 300g. In 
principle, the health status of each mammary quarter (Q) is assessed by dividing 
the absolute value (AV) read on screen for each Q, to the reference average value 
(RAV), specific for each animal. Thus, we obtain the discrimination procent (DP) 
wich is Q-specific, according to the equation: DP = 100×AV / RAV. Our 
unpublished investigations have shown that, in case of mastitis in one quarter, its 
AV may be greater or lesser than that of those unaffected (depending on the 
nature of the pathogen, the phase and form of infection). Therefore RAV is 
calculated for each animal according to the following procedure: the highest and 
the lowest values of the four read on the display for each animal are discarded and 
then the arithmetic average of the other two values is calculated. Te values of DP 
in excess of- or smaller than 100 are the deviation coefficient (DC) from RAV and 
serve at the assessment of each Q health state. The final evaluation is done by 
including PD obtained in a grid of eligibility, usually arbitrarily set somewhere 
between 5-15% or more, depending on the user‘s requirements. 

 

 Table 1 
DC example of calculation 

 Q  AV  RAV  DP  DC 
 Anterior right   400  405  99  1 
 Posterior right   455  405  112  12 

 Anterior left   390  405  96  4 
 Posterior left   410  405  101  1 

  

Our preliminary tests of the device showed that a DC of up to 5% (5 DC) 
should not be considered because they are inherent and mainly due to inevitable 
biological differences among Q of the same animal. The more advanced is the 
infection, the more distant will be DP from 100, either over or under, and the higher 
will be the DC value. In the example above, only the right posterior Q has 
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exceeded both the minimum compulsory threshold (5%) and even that arbitrarily 
fixed at 10%. The outcomes obtained by us in a field trial, in two different dairy 
farms, on 488 quarters are presented in table no.2.  

 

 Table 2  
The distribution on thresholds groups 

 DC interval 0-5 0-10 0-15 15.1-25 25.1-50 50.1-100 >100 
 No q reacted  404 450 474 9 2 2 1 

 % q reacted 87.79 92.21 97.13 1.84 0.41 0.41 0.20 
  

 Argherie (2008), in her Academic Dissertation analyzed the correlation 
coefficient between the results obtained with Milktester RMM and other five tests. 
The highest correlation coefficient calculated, using Correl program, was 0.85 
between TNCS and %Ne (Table 3) but a good correlation was also obtained 
between Milktester and %Ne (0.79), between Milktester and TNCS (0.70) and 
between Milktester and EC (0.70) 

  

 Table 3 
Correlation coefficient between Milktester RMM and other 5 tests 

 TEST  C M T  E C  M R M M  % Ne  T N C S  B E 

 C M T  x  0.46  0.63  0.46  0.39  0.39 

 E C  0.46  x  0.70   0.64  0.59  0.40 

 M R M M  0.63  0.70  x  0.79  0.70  0.56 

 % Ne  0.46  0.64  0.79  x  0.85  0.76 

 T N C S  0.39  0.59  0.70  0.85  x  0.70 

 B E  0.39  0.40  0.56  0.76  0.70  x 
Legend: CMT-California Mastitis Test; EC-electroconductivity; MRMM-Milktester RMM; %Ne- 

percentage of neutrophils; TNCS- total no. of somatic cells; BE-bacteriological examination. 

 
Let us note that all measurements and calculations, including the final 

result, are accomplished electronically, in less than 8-10 seconds/cow, excluding 
the time of sampling. Collection and examination of samples were dan immediately 
before milking. 

After the last Q recording, the R button (Result) is pressed and the device 
instantly displays the final result by staining in red the LED corresponding to the Q 
affected, who‘s DC has exceeded the choused threshold. The other three LEDs 
turn green. The thresholds delineating a normal milk, supplied by a healthy udder 
from an apparently normal milk supplied by a subclinical mastitis may be fixed at 
5%, and the threshold delineating an abnormal milk supplied by a clinical mastitis, 
are relative values, which could be arbitrarily set between 5-15 % or higher, and 
modified according with manufacturer‘s requirement . It should be noted, however, 
that a high threshold will cause a high specificity but with lower sensitivity and vice 
versa (6) DC of an affected quarter is influenced by many factors- such as milk 
chemical composition, flakes and clots, watery appearance, SCC and color-, some 
of them upwards, others of them downwards. DC values are the result of 
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simultaneously influence of all these parameters but, of course, some of them 
acting in opposite ways, could cancel each other out. A DC above the threshold 
chosen at 5% indicates, depending on the magnitude of DC, either: 1) a subclinical 
mastitis, with milk apparently normal -at regular visual examination-, but with 
noticeable changes in homogeneity and color, when is examined by the device or 
2) a clinical mastitis, with abnormal milk –as a rule above 10%. In both cases there 
are an increased number of somatic cells in the milk, which will have a negative 
effect on production, the purchase price, the shelf-life and quality of both the milk 
and processed products (2, 12) Therefore, both farmers and processors would 
need to be economically very interested in reducing to minimum the SCC in cooling 
tank by temporarily removing the milk from cows with large numbers of SCC - 
respectively high DC. There are cases when DC> 5 are recorded in two or, rarely, 
even in three Q at the same animal, but always at different values, because the 
infection is usually installed sequentially not simultaneously, and therefore also 
inflammatory processes will be found in different phases. Let us note that Milktester 
RMM will never confuse mastitis milk with colostrums, milk preceding weaning or 
milk from postpartum mammary edema, because in all these three situations, 
unlike in mastitis milk, AV appears changed in all four Q, in the same sense, at very 
close values. We believe that the next investigations will have to refer to:  

-Determination of optimal intervals between tests.  
-Comparing the results of the Milktester to those obtained by other methods.  
-DC Limits (valid for Milktester RMM) recommended for milk samples 
classification in one of the categories: 1) normal milk - healthy mamma, 2) 
abnormal milk - mamma apparently normal (subclinical mastitis), 3) abnormal 
milk - mamma acute (mild, sever) or chronic inflammation (clinical mastitis).  
-The possibility to adapt Milktester RMM in automatic milking systems. 
-The possibility to interblend the results obtained on the same sample, 
simultaneously, by the optical device (Milktester RMM), EC, pH or others. 
-The possibility to use the device for other purposes, such as to detect 
counterfeit milk or to assess the quality of milk from the cooling tank, compared 
to a standard sample. 

 
Conclusions 

 
 The conception of the device is based on the assumption that the physical, 
chemical and biological characteristics of normal milk, taken from the four 
mammary quarters of a healthy cow, usually are similar. An Ssignificant change of 
some parameters, over a certain threshold in a quarter, by comparison to the 
others, considered normal and taken as reference, shows an abnormal state of the 
milk in that quarter. Milktester RMM is designed to detect and instantly display any 
such difference occurred in a quarter's milk transmittance, when is crossed through 
by a monochromatic beam of electromagnetic radiation. The magnitude of the 
transmittance is influenced by composition, concentration, color and homogeneity 
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of the crossed sample of milk. So, Milktester RMM works as if three different 
devices –a luxmeter, a colorimeter and a turbidimeter (or nephelometer)- were 
incorporated into one, to provide a single result for every quarter. The device 
calculates and displays, also instantly, the final result for the cow. The threshold is 
arbitrarily chosen, depending of the level of the beneficiary‘s exigency regarding 
desired sensibility and specificity. Like the EC, Milktester RMM is extremely fast, 
portable and does not consume reactive but, unlike the EC, which is influenced by 
a single parameter - the concentration of electrolytes - Milktester RMM is 
influenced by several parameters. The device was conceived to replace the naked 
eye assessment of the milk, as it is made now by milker - which could be 
subjective, superficial and random-, by a more accurate and objective assessment, 
possibly standardized, made cow side periodically by an electronic optical 
instrument. The next investigations must establish the optimal threshold for 
differentiation between normal and abnormal milk, milk tester's efficency and utility 
in evaluating the quality of mixed milk in containers or cooling tanks and, finally, the 
chances of adapting the Milktester RMM to the automatic milking sistems on line. 
Of course, the test and device proposed are susceptible of improvements based on 
further research. 
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Summary  

 
Delayed type hypersensitivity was the first immune function recognized as having 

cellular basis. This function found to be mediated only by TH1 cells but not by TH2 cells. The 
experiments comparatively investigated the in vivo and in vitro T-lymphocyte and 
macrophage reactivity in M. tuberculosis primed animals, to both avian and bovine 
tuberculin, classically used to diagnose infected animals. The in vivo measurements 
envisaged the changes that occur during the intradermal test in the thickness of the skin and 
local changes. The in vitro test was carried out on blood samples from animals reacting as 
simple or comparative simultaneous test (CST) positive (n=7) or negative (n=18). Blood from 
these animals, sampled on heparin was subjected to the leukocyte migration inhibition test. 

There was a strong, statistically significant (r= - 0.894, p<0.001) reverse correlation 
between allergic (skin) tests and the in vitro leukocyte migration inhibition test, in bovine 
positive to intradermal injections of avian and/or bovine tuberculin. The leukocyte migration 
inhibition could be used as an alternative method for the diagnosis of tuberculosis, but 
obtaining accurate results presumed a better standardization of the test in bovine. 

Key words: tuberculin skin test, leukocyte migration inhibition, bovine 

 
Skin testing with tuberculin and slaughter of test-positive cattle has been 

successful in many countries and important in eradication programs for many years 
(1). Nevertheless, additional diagnostic methods are required where skin testing 
has not led to full eradication due to false negative reagents. Some authors 
indicated the significance of increasing knowledge on bovine immune responses to 
M. bovis and its usefulness to develop new methods for diagnosis of the disease 
(2). 

Delayed type hypersensitivity was the first immune system function 
recognized as having cellular basis. This function found to be mediated only by TH1 
cells but not by TH2 cells. Thus, individuals who have been exposed or immunized 
against tuberculosis would typically respond by a local reaction consisting of 
erythematous indurated skin when re-injected intradermally with a small amount of 
purified protein derivative of M. tuberculosis (PPD)(2). As an essential part of the 
immune response, macrophages from a mycobacterium primed host become 
activated after receiving an activating signal such as a PPD injection (2). 
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The experiments investigated T-lymphocyte and macrophage reactivity in 
M. tuberculosis primed animals, to both avian and bovine tuberculin, used to reveal 
changes in cell mediated immunity through skin test (2, 3). The skin test‘s 
diagnostic value was compared to that of leukocyte migration inhibition test, in 
order to improve and eventually, simplify the diagnosis of the disease in bovine. 

 
Materials and methods 

 
Within the framework of the tuberculosis control program, 25 

conventionally farmed, Romanian Spotted dairy cows were tested initially by simple 
tuberculin skin test (SST)(6). Forty-five days later, the reactive animals were 
subjected to the comparative simultaneous tuberculin skin test (CST). Blood 
samples were taken on heparin from both positive and negative animals, and 
subjected to the leukocyte migration inhibition test. Leucocytes were separated 
from the blood samples by centrifugation in density gradient on Ficoll Hystopaque 
(Sigma), washed twice with RPMI 1640 (Sigma) culture medium. Viability counts 
were done by use of Trypan -blue and leukocytes were diluted to 4 x 10

6
/ml in the 

final culture medium. For each sample, 4 neutral glass capillaries were filled and 
centrifuged at 2500 rpm under sterile conditions (1). Subsequently, the tubes were 
cut at the limit between the cellular pellet and the plasma, placed in 3.5 cm 
diameter migration wells, filled with culture medium, with (test) or without (control) 
25 microliters of bovine tuberculin. Duplicate variants of each control and tuberculin 
treated samples were performed. The migration chambers were incubated at 37˚C 
for 18 h and the diameters of the migration areas were measured. Migration 
inhibition indices were calculated by dividing the diameter measured for the 
tuberculin treated variant to that of the control. The correlation coefficient between 
the in vivo and in vitro tests‘ results and the statistical significance of the data were 
calculated by use of Excel program. 

 
Results and discussions 

 
Diagnostic accuracy is of paramount importance in test-and-slaughter 

programs for the eradication of bovine tuberculosis (TB)(2, 4). Currently applied 
methods, such as in vivo skin testing and in vitro interferon-gamma (IFN- gamma) 
testing (4), utilize purified protein derivatives (PPDs), which are poorly-defined 
mixtures containing many individual antigenic components (3, 5). It is known that 
false-positive responses to these reagents can occur in healthy animals mainly 
because of that antigenic complexity (2). Mycobacterium bovis infection of cattle 
remains a significant health concern worldwide, despite successful eradication of 
the disease in some countries and could be considered a reemerging infection for 
others. Immune mechanisms of resistance to and/or clearance of M. bovis infection 
of cattle, however, are unclear. A flow cytometry-based proliferation assay was 
used by investigators to determine the relative contribution of individual lymphocyte 
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subsets in the response to M. bovis infection and/or sensitization with 
mycobacterial purified protein derivative (PPD)(2, 3). 

The results of the skin test were positive in 7 of the animals while the rest 
(n=18) stayed negative. 

Table 1 presents the average values obtained for skin thickness as well as 
the differences between the values obtained after the injection of avian and bovine 
tuberculin in animals subjected to repeated tuberculin tests. Only four of 25 bovine 
subjected to simultaneous intradermal injections stayed positive. Therefore, 
animals positive to simple skin test were also taken into account for in vitro tests, 
according to the protocol described. The average age of the positive group was 
significantly (p<0.05) lower than that of the negative one.   

The local inflammation was described as soft edema in three out of four 
animals. 
 

Table 1 
Results of comparative simultaneous tuberculinic skin test (x±s) 

Category Average age Tuberculin 
type 

Difference B-A mm 

Positive, 
n=7 

4.6±3.0 A 1.15±0.24 4.18±0.55 
B 5.37±1.51 

Negative 
n=18 

8.8±7.0 A 1.02±0.40 0.29±0.12 
B 0.76±0.12 

 
 In positive animals the skin thickness was significantly (p<0.01) higher 
when bovine tuberculin was injected than when avian tuberculin was used, while in 
negative animals there were no significant differences between the two 
measurements. Nevertheless, the values calculated for avian tuberculin were 
higher in the later group. The final B-A values calculated for the skin test were 
significantly higher (p<0.001) in the positive versus negative group.  
 Mean migration inhibition indices were presented in table 2, for both 
positive (group I) and negative (group II) animals. 
  

Table 2 
Leukocyte migration inhibition values in skin test positive and negative 

groups 

 Group I (+) n=7 Group II ( -) n = 18 

Mean 1.06 1.65 

Standard deviation 0.881 1.36 

 
 For both positive and negative skin test groups, the individual variability 
was very high, the individual means for control variants and treated samples being 
dispersed. The values ranged from 0 to 7.5 in control variants and from 0 to 5.75 in 
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treated samples of positive animals. In negative individuals, the same parameters 
varied starting at 0.6 to 4.0 – controls, and 1.85 to 7.0, in treated samples. 
 The inhibition proved to be stronger, but statistically non-significantly 
different, in positive animals when compared to the negative ones. 

The diagnosis of tuberculosis by the use of intradermal tuberculin test 
gives frequently uncertain results. Laboratory tests demonstrated that in sensitized 
macrophages, sampled from M. tuberculosis primed animals, the migration 
capacity in liquid media is inhibited in the presence of very small amounts of 
tuberculin (1). Lymphokines produced by T-cells act via effector cells, mainly 
macrophages. Several of these mediators, such as macrophage migration 
inhibiting factor (MIF) or leukocyte migration inhibiting factor (LIF), stop the cell 
migration from capillary tubes in the migration chamber. This technique may have a 
dual purpose, to detect sensitized cells or the antigen itself.  

The experimental results showed a broader leukocyte migration area in 
tuberculin skin test negative animals, when compared to the positive/primed ones. 
Although the inhibition indices were relatively high in the positive group, the 
influence of PPD tuberculin was obvious on sensitized leukocytes. There was a 
strong, statistically significant (r= - 0.894, p<0.001) reverse correlation between 
allergic (skin) tests and the in vitro leukocyte migration inhibition test, in bovine 
positive to intradermal injections of avian and/or bovine tuberculin.  
 The leukocyte migration inhibition could be used as an alternative method 
for the diagnosis of tuberculosis, but obtaining accurate results presumed a better 
standardization of the test in bovine. Nevertheless, the excessive variability of the 
migration areas in this test suggested that a better standardization of the test was 
needed. Elaboration of particular circumstances to perform the test in bovine, to 
insure its better reproducibility, the correct evaluation of tuberculin amounts added 
to the medium, an optimal migration medium and interval were conditions to be 
considered in improving the test. Of utmost importance would be the cell 
concentration/ ml in order to ensure vital space for each cell. Trypan-blue exclusion 
method could be useful in avoiding the migration interpretation errors due to a high 
percentage of dead cells.  
 

Conclusions 
 

 The strong, statistically significant (r= - 0.894, p<0.001) reverse correlation 
between allergic (skin) tests and the in vitro leukocyte migration inhibition test in 
bovine positive to intradermal injections of avian and/or bovine tuberculin indicated 
the later technique as an alternative method for the diagnosis of tuberculosis, but 
obtaining accurate results presumed a better standardization of the test in bovine. 
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Summary  

 

Cell to cell interactions are crucial in a large number of physiologic functions and 
similarly, cell-mediated immune responses dominate in either field cases or experimental 

M. bovis infections. The experiment aimed to investigate the effect of booster skin test on 
the dynamics of both non-specific and specific cell mediated responses in positive bovine. 

The researches were carried out on 32 intensively farmed Romanian Spotted 
lactating cows. The comparative skin test was performed with bovine and avian PPD 
tuberculins and repeated after 45 days in positive animals. From the reactive animals, blood 
samples were collected after each skin test on heparine and subjected to in vitro carbon 
particle inclusion and leukocyte blast transformation tests 

Tuberculin skin test positive animals showed a slightly diminished spontaneous 
phagocytosis, with pronounced reactivity to both tuberculins (p<0.05) after the first skin test 
but not after the second. Intradermal injection of tuberculin sharply increased the in vitro 
response of the negative animals to both avian and bovine PPD. There were no significant 
differences in blast transformation indices between samplings and groups.  

Key words: tuberculinic skin test, phagocytosis, blast transformation, bovine  

 
The immune response developed by bovine infected with Mycobacterium 

bovis is an essential component of the disease pathogenesis and it also tools, such 
as diagnostic tests and vaccines, which can be used to combat the disease. 
Studies of field cases of bovine tuberculosis and of experimental bovine models of 
M. bovis infection have indicated that cell-mediated immune responses (CMI) 
predominate within a spectrum of immunity which exists (2). Cell to cell interactions 
are crucial in a large number of physiologic functions (5). The ability of leukocytes 
to adhere to other cells is determined, in large measure, by the presence of surface 
molecules designated as integrins (3). One of these integrins, the Mac-1 molecule, 
through its adhesion promoting function facilitates helper T-cell function, cytolytic T-
cell mediated killing and NK-cell binding to targets. In the absence of production of 
the normal integrin, profound cellular dysfunction occurs. 

Eradication of bovine tuberculosis is highly dependent on the accuracy of 
various diagnostic tests. Currently applied methods, such as in vivo skin testing 
and in vitro interferon-gamma (IFN-gamma) testing, utilize purified protein 
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derivatives (PPDs). Nonetheless, these mixtures contain many individual antigenic 
components and are capable of inducing false-positive responses in cattle which 
are not infected with M.tuberculosis, largely because of their antigenic complexity. 
(1).  

This experiment aimed to investigate the influence of repeated diagnostic 
tuberculin skin tests on the in vitro effect of PPD on both non-specific and specific 
cell mediated responses in positive bovine. 

 
Materials and methods 

 
Investigations were carried out on 32 intensively farmed Romanian Spotted 

lactating cows. The comparative skin test was performed with bovine and avian 
PPD tuberculins and repeated after 45 days in the positive animals (n=11). From 
the reactive cows, blood samples were collected after each skin test on heparine 
(50 IU/ml) and subjected to in vitro carbon particle inclusion and leukocyte blast 
transformation tests (5). The animals were sampled twice, at 45 days intervals. 

Phagocytic capacity of leukocytes was monitored in bovine and avian 
tuberculin supplemented variants, against untreated controls. Two microliters of 
India ink were added to 0.5 ml of blood and subsequently, after 30 minutes of 
incubation, 150 microliters of the mixture were withdrawn to 3 ml of saline. The 
procedure was repeated after 75 minutes of incubation. Spectrophotometrical 
measurements (SUMAL PE2, Karl Zeiss, Jena) of optical densities in saline were 
done after a centrifugation of the mixtures at 800rpm for 5 min. The results 
expressed as optical density units (ODU) served for calculating the reverse of the 
phagocytosis slope in time.  

Heparin treated blood samples were placed in RPMI 1640 culture medium 
(1:4), divided in 200 microliter aliquots in 96 well plates and treated with 
phytohemaglutinin M, a T cell mitogen (1 microliter/well), bovine and avian 
tuberculins (1.5 microliters/well). After 62 hours of incubation in a 5% CO2 

atmosphere, the cultures were tested for glucose consumption by o-toluidin test. 
Stimulation/inhibition indices were calculated as compared to the initial glucose 
concentration of the culture medium (100%). 

Statistical processing of the data was performed by Excel program, mean 
values, standard deviations and the statistical significance of the results being 
estimated. 

 
Results and discussions 

 
Mycobacterium bovis infection in cattle represents one of the major health 

concerns worldwide, since eradication programs based on immunological tests are 
sometimes less efficient than expected. Immune mechanisms of resistance to 
and/or clearance of M. bovis infection of cattle, however, are unclear. Recent 
studies have provided evidence supporting a role for CD4

+
, CD8

+
, and γδ TCR

+
 T 
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cells in the response of cattle to M. bovis (6). IFN-γ production was considered 
antigen-specific and an appropriate and efficient measurement of the immune 
reactivity to purified protein derivative from bovine and avian mycobacteria, when 
compared to concanavalin A,l a T-cell mitogen used as a positive control (4). 

Monitoring the phagocytic activity for the experimental variants and groups 
after the first skin test (figure 1), a milder response was encountered in control 
variants of both positive and negative animals. During the first incubation period of 
30 min, there were very intense, statistically significant (p<0.001) responses of the 
phagocytes from positive animals to both tuberculins, with a somewhat higher 
response to the avian tuberculin. The first reading seemed important since the 
phagocytosis dropped sharply for both groups during the second incubation period. 

Following the second skin test, the repeated PPD injection sensitized the 
negative animals, increasing their spontaneous phagocytic response and the 
response to both tuberculins, at levels higher than those encountered in positive 
animals after the first reading (Fig. 2). This finding suggests that not only the 
specific, but also the non specific cell-mediated response of the animals is being 
influenced by booster skin tests, and could prolong the interval between the skin 
tests in order to insure an accurate interpretation. 
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Fig.1 - Phagocytosis in positive animals during the first sampling (mean values) 

 
Blast transformation indices calculated for the experimental animals were 

shown in Table 1.  
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Fig.2 - Phagocytosis in positive animals during the second sampling (mean values) 
 

   
Table 1  

Comparative in vitro blast transformation indices in positive animals (%) 
Batch Control PHA M Avian 

tuberculin 
Bovine 

tuberculin 

First sampling 

Positive 82.10±9.85 86.77±16.80 85.60±10.81 92.38±7.46 

Negative 74.91±9.54 81.69±15.78 77.99±10.85 78.384±8.14 

Second sampling 

Positive 81.17±10.36 88.29±10.95 93.52±24.26 91.22±18.05 

Negative 81.05±18.08 87.02±14.49 84.65±14.23 85.93±11.51 

 
 Spontaneous blast transformation in the positive group was statistically non 
significantly higher at the first sampling than that of the negative group, while after 
the second skin test the responses were similar. PHA M acted stimulating more in 
the negative group than in the positive one after the first skin test, but not after the 
second. Bovine and avian tuberculins induced variable responses. The stimulation 
rate was higher in positive animals, but was boosted in the negative group after the 
second skin test. A poorer reactivity against bovine tuberculin after the booster 
injection could illustrate desensitization in diseased animals, were the microbe 
represents a permanent antigenic stimulus.  
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Conclusions 
  

Repeated skin tests diminished, by injection of bovine and avian PPD, 
phagocytosis but not the blast transformation of leukocytes in positive animals, as 
opposed to the booster type response induced in the negative group.  
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Summary 

 

The evaluation of health status in calves and cows at dairy farm were performed. 
Diseases of respiratory and gastrointestinal tract are the most common disorders in health of 
calves in the first month of life. Good health of pigs is qualification for good reproduction and 
profitable production. Pig health can be improved in aim to achieve higher production. 
Disease like neonatal scour, oedema disease, esophagogastric ulcer, osteodistrophia, 
actinobacillosis, atrophic rhinitis, dysentery and recent time‘s proliferative enteritis could be 
competent services. Also, lot of various virus infections are very actually today at pig farm.  

The recommendations for the industrial scale farms include application of measures 
aimed at reduction of risk associated with the effects of different pathogenic microorganisms, 
toxins, presence of certain physical and chemical environmental contaminants through 
introduction of multi-step monitoring of raw material and finished products quality, as well as 
application of appropriate protectors against toxic effects of different agents. 

Key words: calves, cow, pig, pathogenic microorganisms 

 
Presence of the pathogenic that causes different diseases in cows and 

calves has been monitored over the prolonged period of time on the dairy breed 
cattle. It has well been known that in large agglomeration numerous etiological 
factors have adverse effects on the health of the newborn calves, thus leading to 
considerable economic losses. Most often problems affecting calves were diareas 
and respiratory diseases. At our dairy farms were isolated folows bacteria: E.coli, 
Pasteurella multocida, Mannhemia haemolitica, Arcanobacterium pyogenes, 
Moraxella bovis, Streptcoccus spp, Cl. perfringens type B (1, 2, 3). 

Most often health problem at industrial pig farms were: neonatal diarrhea, 
edema disease, dysentery, and PRDS (porcine respiratory disease complex).  

The aim of this article is to review our research related to the presence of 
pathogenic microorganisms in different dairy and pig farms (4, 21). 
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Materials and methods 
 

At farms of high-yielding cows was investigated the presence of pathogenic 
microorganisms in calves and dairy cows. We took rectal and nasal swabs. In 
microbiological laboratory was isolated the pathogenic microorganisms and in 
individual cases determined the adequate therapy. Also, we investigated the effect 
of different housing conditions and care for the presence of certain pathogenic 
microorganisms. 

On the industrial pig farms for weaned pigs were took rectal and nasal 
swabs. Were isolated certain pathogenic microorganisms and in individual cases 
was determined specific therapy. Also, was controlled health status in pigs and 
sows. 

 
Results and discussions 

 
In the long run on our farms dairy breeds of cows, and pigs we observed 

the presence of the etiological factors that affect the health of farm animals.  
In this paper, the major etiological factors that endanger the health of farm 

animals are presented. High-milk cows during 305 days of lactation are constantly 
exposed to various factors that directly or indirectly affect the health of the animals. 
This situation imposes the need to constantly control the state of health, so that 
animals could survive in the production minimum five lactations. Today's 
technology of growing and keeping cattle in large agglomerations causes many 
health problems. In the calves were isolated bacteria‘s pathogens: Escherichia coli, 
Pasteurella multocida, Mannhemia haemolitica, Arcanobacterium pyogenes, 
Moraxella bovis, Streptcoccus spp, Cl. perfringens Type B (6). 

Diarrhea is a complex syndrome from the etiological point of view, 
developing as a result of environmental and nutritional factors and combination of 
diverse infectious agents. Based on examination of the rectal swabs, E. coli was 
isolated on a dairy breed cattle farm during the winter time. According to the 
susceptibility test, appropriate antibiotic therapy was applied (10, 15, 16). 

Moreover, respiratory diseases developing in the first several months of life 
are a major health problem. The airway diseases tend to develop as a result of 
inadequate hygienic conditions and complex synergistic viral and bacterial actions, 
expressed in the state of the impaired immune response of the organism. The most 
commonly reported viral causes are BHV-1, Pi-3, BRSV and BVDV, while bacterial 
ones include Pasteurella multocida, Mannhemia haemolytica, Arcanobacterium 
pyogenes, Haemophilus somnus and Mycoplasma hyopneuminiae. As for our tests 
performed on the nasal swabs of the calves affected with respiratory tract 
infections, the most common isolates were the following: Pasteurella multocida, 
Mannheimia haemolytica, Arcanobacterium pyogenes, Haemophilus sp., as well as 
Klebsiella pneumoniae, while in the lungs of the calves deceased due to 
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bronchopneumonia, in addition to the above-mentioned species, mycoplasma was 
isolated as well (11, 7). 

Presence of the infectious bovine keratoconjunctivitis was evidenced in 4-
month old calves, kept in the stalls. Ocular smears were obtained from the calves 
with clinically manifested keratoconjuctivitis and Moraxella bovis was isolated as 
the predominant bacterium, as well as P. multocida, Streptococcus spp, and 
Nocardia spp. (23). 

Enterotoxaemia was diagnosed on a farm in 3-month old calves in the 
phase of watering. Enterotoxaemia, as per acute disease caused by Cl. 
perfringens, is a frequent disease associated with high mortality rate. The diagnosis 
is established based on the clinical picture, pathoanatomical and microbiological 
findings (Cl. perfringens type B) Clostridium perfringens is the most important 
cause of clostridial enteric disease in calves. During one calendar year at one dairy 
farm we isolated Clostridium perfringens type B from calves during suckling period. 
We established very important statistical difference (p<0.01) between ill calves 
during first six month (20) in relations with number of ill calves (41). Statistical 
analyses established very important statistical difference (p<0.01) in ill calves 
during autumn-winter season in relation with winter-spring season. In autumn-
winter season we had 47 ill calves, while in spring-summer season we had 14 ill 
calves. We do not found statistical important difference (p>0.05) among two groups 
of dead calves. Average old ill calves was 71.63 ± 8.21, while average old dead 
claves was 71.63 ± 8.21.On this data we can concluded that average therapy 
disoders calves was six days (12). 

In the advanced gestation phase, the ring worm was established as a 
zoonossis which represents considerable problem from the point of view of the 
human health. The ring worm is a dermatomycosis caused by a fungus 
Trichophyton verrucosum and it develops mostly in calves and bullocks with lower 
physical fitness and impaired immune response. The causative organism inhabits 
skin surface causing, through its proteolytic and catalytic enzymes as well as 
endotoxin, parakeratosis and inflammatory changes. The factors predisposing 
onset of the disease include increased air humidity, overcrowding of the facilities 
and inadequate feed quality (5). 

In extensive method of keeping, only one breeding herd of deep milking 
cows was proved to be affected with papillomatosis. Papilomatosis is caused by a 
virus, belonging to a group of DNA viruses (papillomavirus). The virus leads to 
development of the benign tumors with fibroepithelial properties on the skin and 
mucosal tissue. Simple dermal type is characterized by increased number of 
papilomas, which are usually located on the head, neck, shoulder blade, dewlap, 
ears and around the eyes (5).  

At one dairy farm, with total number of cows 800, was diagnosticated 
actimicosis. In 51 cows were presented clinical signs of actinomikosis. In 2 cases 
bone tissue was affected. In 49 t soft tissue was affected (25). 
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Intensive use of accommodation facilities, early weaning of piglets, 
inadequate microclimate for most age groups and nutritional deficiency caused 
appearance of productive or technological disease that is specific to this type of 
production (4). 

Good health of pigs is qualification for good reproduction and profitable 
production. Pig health can be improved in aim to achieve higher production. 
Disease like neonatal diarrhea, neonatal scour, edema disease, oesophagogastric 
ulcer, osteodistrophia, Actinobacillosis, atrophic rhinitis, dysentery and recent times 
proliferative enteropaties could be competent services. Especially critical periods 
are sowing, 24-48 hours after farrowing, and period 10-14 days after weaning (4). 

By flexible cooperation of farm owner and veterinarians by appreciation of 
now days knowledge production is possible to improve and serve concept "from 
stable to table". In this concept veterinarians have significant role from economic 
and ecologic point of view (4). 

Biosecurity, welfare, good producers, clinicians, or hazard analysis, on 
critical points are very important issues in intensive pig production. Consistent 
application of biosecurity measures is crucial in swine health protection and 
production efficiency, and for good promotion of health herd (24). 

Clostridia infections suckling pigs is serious health and economic problem. 
Clostridial infections is etiology concerted with Clostridia perfringens-type C, Cl. 
perfringens type A and Cl. difficile. They provoke special nosologic units well 
known as hemorrhagic-necrotic-enteritis of suckling pigs, and Clostridium difficilae 
CDAAD-associated disease-disease caused by Cl. difficilae (20). 

Dramatic changes have taken place in pig farming over the recent years. 
This was affected by a whole series of factors, in which the increased incidence of 
existing and the appearance of new diseases played the key role. Unfavorable 
production conditions have yielded respiratory diseases which are differently 
manifested within the so-called porcine respiratory disease complex (PRDC). The 
paper presents the pathogens which, in coactions with predisposing factors, cause 
disorders in the porcine respiratory system. Among the primary causes is the 
porcine reproductive and respiratory syndrome (PRRS) virus, the swine influenza 
virus (SIV), porcine circoviruses (PCV2), Mycoplasma hyopneumoniae, 
Actynobacillus pleuropneumoniae (APP), Bordetella bronchioseptica, Haemophilus 
parasuis, and less often the Aujeszky‘s disease virus and porcine respiratory 
corona viruses (PRCV). Among the secondary causes, Pasteurella multocida, 
Streptococcus suis, Salmonella cholerae suis, and others, are mentioned. Special 
emphasis is placed on the interaction between the mentioned causes. Having in 
mind that they much more frequently act in unison than individually (13, 14, 17, 18). 

The control of the porcine respiratory diseases syndrome is narrowed 
down to the implementation of certain drug therapy and vaccines, altered 
management, and the introduction of a new system of swine production with the 
compulsory respect of the epidemiology and pathogenesis of the causes which are 
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active in each individual form and the specific possibilities of the farm to implement 
all the measures envisaged under a certain programmed (13, 9). 

The post-weaning multisystemic wasting syndrome is a circoviral (PCV2) 
infection in piglets following weaning, occurring most often at the age of 6-16 
weeks, which affects several organs and organic systems, results in the 
suppression of the immune system, and also in a subsequent flood of secondary 
bacterial infection (8). The monitoring of the health condition of pigs in large 
agglomerations and the systematic recording of health indicators have shown that 
this form of circoviral infection is widely represented in our farms. According to our 
observations, the main clinical expression is progressive loss of body mass, 
profuse watery diarrhea, dyspnoea, tachypnoea, lymphadenopathy, anemia, 
hepatitis (no findings were established), and the lack of antimicrobial effects in 
treated animals. Pathohistological investigations showed lymphocyte depletion and 
histocytic infiltration with amphophylic intracytoplasmatic inclusions. In addition to 
this picture, lymph nodes were found to contain gigantic multinuclear cells. Kidney 
tissue gave the picture of interstitial nephritis, and lung tissue showed 
lymphohistocytic interstitial pneumonia. The liver showed frequent mild changes as 
non-supurativ periportal hepatitis, and extensive necrosis was detected in the more 
difficult cases, which was most frequently accompanied by jaundice. Pancreatitis, 
granulomatous enteritis with atrophy of intestines and myocarditis complete this 
picture (19). 

Porcine cirkovirus type2 (PCV2) and hepatitis E virus (HEV) are the most 
recently recognized causes of infectious hepatitis of pigs and may or may not act 
independently in the development of the disease. Recently it has been suggested 
that swine torque teno viruses (TTVs) in co-infections with some viral pathogens, 
may potentiate the severity of disease. In order to search for virus cofactors 
associated with infectious hepatitis in pigs, we investigated the liver tissues, to 
determine the presence of TTVs, PCV2 and HEV of naturally infected pigs and 
analyzed the prevalence of both genogroups of the TTVs in the hepatitis lesions. 
Histopasthological techniques, nested polymerase chain reactions (nPCRs), 
polymerase chain reaction (PCR) and one-step reverse transcriptase polymerase 
chain reaction (RT-PCR) were applied to detect hepatitis lesions, TTVs genogroups 
1 and 2, PCV2 and HEV infection. Of the livers examined 58% (29/50) had mild to 
moderate hepatitis and 74% (37/50), 56% (28/50) and 26% (13/50) samples were 
nPCR,PCR and RT-PCR positive for TTVs PCV2 and HEV respectively. TTVs 
were detected in 84% (16/19) of the samples which determined to be of mild 
severity while in almost all (90% or 9/10) samples identified as having moderate 
hepatitis lesions. Additionally, the livers of 12 out 21 (57%) pigs without the 
hepatitis lesions were positive for TTVs. These results demonstrate an association 
between TTVs and infections hepatitis of pigs in concomitant infections with PCV2 
and/or HEV and indicated that TTVs may play a role as a cofactor in the 
pathogenesis of disease (22). 
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Biosecurity, welfare, good producers‘ practice or hazard analysis on critical 
control points are very important issues in intensive cattle pig production. 
Consistent application of biosecurity measures is crucial in cattle and swine health 
protection and production efficiency.  
 

Conclusions 
 

In this review paper are given certain solutions and routine activities in 
protection against biological contamination, as well as producers‘ attitude towards 
different sized herds‘ health protection at home and abroad. Stuff conscience about 
needs to protect production in general, active attitude to real threats and taken 
measures are key to success in biosecurity plans creation and application on every 
farm for itself. 
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Summary 
 

Ileitis or proliferative enteropathy (PE) is a common infectious disease of worldwide 
distribution. It is caused by the intracellular bacteria Lawsonia intracellularis (1). PE is 
observed most commonly in the postweaned pig between 6 and 20 weeks of age. 

The objective of this study was to determine the prevalence of PE in farms in the 
west of Romania and monitor the pattern of infection in positive herds. 

In relation to the infection dynamic in the herd demonstrated an increase in the 
antibodies prevalence in animals from nursery to fattening and the low prevalence in the 
antibodies was detected in weanings pigs (35-40 days). 

 Key words: Porcine proliferative enteropathy, diagnosis, serological profile 

  
Proliferative enteropathies are a group of acute and chronic conditions of widely 

differing clinical sings but with a common underlying pathological change visible at 
necropsy: a thickening of the mucosa of the small intestine and colon.  

The disease is worldwide distribution and occurs commonly in all pig-raising 
regions and in all pig farm management systems. Comparison of management systems 
with the onset of infection indicates that on pig farms with age-separation of groups L. 
intracellularis infection occurs rarely in breeding stock and is usually delayed in grower-
finishers until they are 12-20 weeks old. Clinically there is a difference between the 
acute and the cronic forms of the disease. The acute form causes sudden death 
and haemorrhagic diarrhoea in particular in older finishing pigs and in gilts. The 
cronic form include daily weight gain, diarrhoea etc.  

PE affects animals from 6 weeks of age and produce important damage, 
diarrhoea and poor performance in growing pigs. 

Farm prevalence studies in several countries in Europe, Asia and Northern 
America indicated that 24 to 47% of pig farms had a serious incidence with PE in 
the past years. Herd prevalence for finishing pigs in other EU countries has been 
estimated to range between 88 and 100%.  
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Materials and methods 
 
The study is based on a serological screening across west and north-west 

parts of Romania performed during 2010. In total 15 farms were analyzed (12 from 
west part of Romania and 3 from north-west part of Romania). We had collected 91 
serum samples. The samples were collected randomly at each farm from piglets 
with 35-70 days old and from fatteners with 100-150 days old.  

All samples were tested with a blocking ELISA kit – Bioscreen Ileitis 
antibody ELISA (Symbiotics Europe SAS France). The ileitis diagnostics is a 
blocking ELISA that detects L. intracellularis antibodies in serum or plasma from 
pigs 

As result the percentage of inhibition (PI) of the positive control and of the 
samples is calculated following the formula: 

 

PI =
control negative OD

mplecontrol/sa positive   /ODcontrol negative OD
x 100 

 

Any serum sample presenting a percentage of inhibition ≥ 30% is 
considered positive. Any serum sample presenting a percentage of inhibition < 
30% is considered negative. Within the negative range of results any sample 
presenting percentage of inhibition value between 20% and 30% should be 
considered questionable.  

For cytological study, smear preparations of ileal mucosa were prepared, 
airdried and stained with hemacolor (Diff-Quik). The samples provided from 10 
slaughtered pigs that presents at necropsy ileitis lesions. 

 
Results and discussions 

 
The percentage of both positive farms and pigs in the different ages groups 

analyzed are shown in Figure 1 and 2, respectively. None of the 15 farms was 
completely negative.  
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Fig. 1. Herd profile in 12 farms from west of Romania for Lawsonia intracellularis 
antibodies competitive ELISA (bioScreen, Germany) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Herd profile in 5 farms from north-west of Romania for Lawsonia 
intracellularis antibodies competitive ELISA (bioScreen, Germany) 

 

It could be observed that the most affected categories of age were 80 days 
old and 100-150 days old.  

From 61 samples which provided from west of Romania, 31 were positive 
(49.1%), 11 (18%) were doubtful, with PI between 20 and 30 and 10 (31.1%) were 
negative. 
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From 30 samples which provided from north-west of Romania, 6 were 
positive (20%), 1 (3.3%) were doubtful, with PI between 20 and 30 and 23 (76.6%) 
were negative. 

Comparing the results it can be observed that the highest L. intracellularis 
infection prevalence was recorded in 80 days old piglets. 

The shift of seropositivity to higher age categories (fattening) may be 
principally connected with the very early antibiotic therapy of swine dysentery in the 
post-weaning period.  

Similar results were obtained by Mortimer and al in UK which show that 
prevalence ileitis is 95% in herd and in pigs slaughtered is 62%. 

In relation to the infection dynamic in the herd demonstrated an increase in 
the antibodies prevalence in animals from nursery to fattening. 

Cytological smear preparations revealed intracellular microorganisms. 
They appeared as straight or slightly curved rods in the cytoplasm of intestinal 
epithelial cells (Figure 3). 

 
Figure 3. Chronic PE, ileum (smear preparation) -intracellular bacteria in the cytoplasm of 

epithelial cells. Diff Quik 
 

Conclusions 
 

The prevalence L. intracellularis infection is different depending on farm 
management. 

Seroconversion can be detected between 16 and 24 weeks of age by an 
increasing percentage of inhibition.  

From 91 tested samples 37 were positive, 12 had OD values close by cut-
off (20-30) and 33 were negative. 

As we know, this is the first study in our country that evidence L. 
intracellularis in smear preparation Diff-Quik staining. The imprint cytological study 
is a rapid, easy and not expensive method that could largely support the diagnosis. 
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Summary 

 
Infections with E.coli cause significant economic losses in poultry industry but at the 

same time, these strains are zoonotic risk. 
During the researches there have been isolated and characterized 155 strains of E. 

coli. 
The percentage of mortality increased with the age of broiler chickens from 13.71% 

in the first week of life to 62.65% over the age of 14 days old. 
Key words: E. coli, colibacilosis, broiler chicken. 
 
Colibacillosis in broiler chickens is typically a localized or systemic disease 

occurring secondarily when host defenses have been impaired or overwhelmed by 

virulent E. coli strains (1, 2). 
Infections caused by E. coli are responsible for significant economic losses 

to the poultry industry. Colibacillosis is the most frequently reported disease in 
surveys of broiler diseases or condemnations at processing (1, 3).  

The literature reports that 43% of broiler chicken carcasses at condemned 
for disease at processing had lesions consistent with colisepticemia (1, 4). 

Movement of poultry material, worldwide, contributes to E.coli strains 
dissemination and for these reasons it should be monitored in reference 
laboratories the E.coli strains isolated from birds from intensive system growth. 

 
Materials and methods 

 
The investigations were conducted in 4 farms specialized in raising broilers 

and households in the Western part of Romania.  
In the studied farms there were conducted epidemiological, clinical and 

anatomopathological examinations. Laboratory investigations were conducted in 
the Discipline of Infectious Diseases of Faculty of Veterinary Medicine Timisoara. 

Epidemiological examination. In recent years, there were notable losses 
in some broiler chickens farms in the area, leading to lower their economic 
profitability. These losses have alarmed the owners and have determined them to 
make use of veterinary services, especially to appeal to diagnostic laboratories. 

mailto:ifodor2001@yahoo.com
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In the epidemiological investigation were pursued:  
- the origin of the disease, mode of spread and the factors that favored the 

emergence and spread of disease, evolution and dynamics of daily mortality;  
- the origin of chickens, race, age group, exploitation type;  
- the types of shelters, their location, microclimate shelters, chickens 

density;  
- the quantity of feed given in relation to the physiological needs and feed 

quality;  
- data on the immunological status of livestock, prophylactic disinfection 

method.  
In the halls of broiler chickens were carried out survey clinical examinations 

of the existing effective and individual detailed clinical examinations of the broiler 
chickens with clinical signs.  

Anatomopatological examination was realized twice a week in all chicken 
corpses of the day, being noted anatomopatological macroscopic lesions. 

The bacteriological exam has been made on chicken bodies from the 
groups where the avian colibacillosis had evolved. The bodies have been 
anatomopathologically tested, and, depending on the existing injuries, samples 
have been taken (long bone), and used for the primary inseminations.  

The primary inseminations were made using the long bone (femur), using 
the usual methodology of working, in bouillon and agar (3). 

After 18-20 hours of incubation, at 37°C in aerobiosis conditions, the 
cultural characters have been appreciate again from the cultures with bacilar form 
bacteria, Gram negative, passages on the medium S-S have been made in order to 
mark out the fermentation of the lactose on the Levin medium as well.  

The biochemical properties have been marked out on multi test mediums, 
respectively on the TSI medium (Triple Sugar Iron) and on the MIU medium 
(Mobility, Indol, Urea). 

 

Results and discussions 
 

Epidemiological surveys carried out both at the beginning and during the 
growth of broilers series, revealed the following:  

- chickens derived from farms with different growth systems: on land, 
permanent bedding;  

- in each unit there was a different number of buildings (4-16), 
dependending on the growth capacity;  

- from one unit to another, the halls were different populated with chickens 
derived from hatching stations in the country or imported chickens (ROSS 308 and 
COBB 500 hybrid);  

- the halls have been properly prepared, heated and related equipment 
were in good working;  
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- in some farms in the first days of life, broilers were distributed into 
compartments, on permanent bedding (wood shavings) in eleveuze, each 700 
chicks / compartment.  

- ventilation in some halls was realised by adjustable speed ventilator and 
air intake through the obliquely opened windows and the door, which generates air 
currents that cause congestion of the chickens during the first days of life in the 
warmer areas of the hall;  

- in most farms, feed corresponded both qualitatively and quantitatively;  
- in some farms watering system had technical deficiencies, which led to 

loss of water under the watering devices and increasing humidity in those areas;  
- in some farms a preventive treatment with antibiotics was applied in the 

first days of life, without making an antibiogram, in advance  
- losses due to mortality were an important parameter of epidemiological 

examination, this parameter varied according to age of broiler chickens (Table 1). 
 

Table 1 
The mortality in broiler chickens with lesions of colibacillosis 

 

Age 
Predominant 

lesion 

No. corpses 
with 

colibacillosis 
examined 

% 
 

No. 
bacteriological 
cultures for E. 
coli isolation 

Isolated 
strains 

1-7 
days 

Omphalitis 
Egg yolk 
peritonitis  
Pulmonary 
congestion 
Fibrinous 

polyserositis 

146 16.86 100 66 

8-14 
days 

Fibrinous 
polyserositis 
Hyperplasic 

spleen 
Pulmonary 
congestion 

Unabsorbed yolk 

265 30.60 155 32 

Over 
14 

days 

Fibrinous 
polyserositis 
Hyperplasic 

spleen 
Pulmonary 
congestion 

455 52.54 210 57 

Total 866 100 465 155 
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Analyzing the results of the Table 1 it can be seen that the rate of mortality 
increased with broilers‘ age from 16.86% in the first week of life to 52.54% over the 
age of 14 days. 

Following the anatomopathological examinations performed on the broilers‘ 
corpses of different ages there were found mainly the following lesions: 
haemorrhagic diathesis, hyperplasic spleen, omphalitis, peritonitis and unabsorbed 
yolk, fibrinous pericarditis and perihepatitis, pulmonary congestion.  

Characteristic cultures of the Escherichia coli species were obtained 
following the isolations performed after the common methodology. Thus, the 
cultured broth showed enough intense turbidity and on agar medium there were 
noted S-type colonies with 2-6 mm diameter, opaque and unpigmented. In smears 
made from these cultures were found Gram negative bacilli and cocobacilli.  

On the S – S medium, lactose positive cultures, respectively those of 
Escherichia coli formed red colonies, while on Levine medium the colonies were 
dark with metallic shine.  

Our results are similar to those of the literature, which indicated that all the 
strains studied fermented lactose on both culture media, this biochemical 
characteristic being considered constant in APEC strains. Kylie Rodriguez-Siek, 
2005 (4) found that 99% of the 451 strains studied fermented lactose in the two 
media, confirming that the APEC strains have constantly this biochemical 
characteristic, unlike other E. coli strains belonging to other pathotypes. 

Mortality losses were an important parameter of the epidemiological 
examination. These ones varied according to broilers‘ age. Thus, the mortality rate 
increased from 16.86% in the first week of life to 52.54% over the age of 14 days 
old, this percentage increase was due to unfavorable microclimate conditions. 

 
Conclusions 

 
At the same time it was noted during our investigations, an increase in the 

territory of serious episodes of colibacillosis in broilers. 
The percentage of mortality increased with the age of broiler chickens from 

13.71% in the first week of life to 62.65% over the age of 14 days old. 
By the bacteriological examinations were isolated a total of 155 strains of 

E. coli.  
All isolates had characteristic biochemical properties of the E coli strains 

fermented lactose on both culture media (S-S and Levine). 
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Summary 
 

Diarrhea in suckling piglets is a complex problem and causes considerable 
economic loss to the pig production. Fecal samples and spleen collected from western part 
in Romania from suckling piglets with diarrhea were screened for the presence of rotavirus, 
E. coli, coccidia and Balantidium coli using microscopic, culture and ELISA assays. 
Rotavirus was the most frequently detect enteropathogen in combination with other agents 
or alone, followed by coccidia, E. coli and Balantidium coli. Our results show 56.4% from 
cases had a monofactorial etiology and 27.7% had multiple etiology in suckling piglets with 
diarrhea. Rotavirus was found in 21 samples (20.7%), coccidia in 19 samples (18.8%), 
Balantidium coli in 7 samples (6.9%) and Escherichia coli in 10 samples (9.9%). 

Keywords: piglets, diarrhea, enteropathogens, Escherichia coli, rotavirus 

 
Diarrhea in suckling piglets is a complex problem and causes considerable 

economic loss to the pig production. Enteric disease in neonatal and post-weaning 
pigs is caused by several organisms, singly or in combination: coronavirus 
(transmissible gastroenteritis TGE), porcine epidemic diarrhea (PED), rotavirus, 
enterotoxigenic Escherichia coli (ETEC), Clostridium perfringens type C and type 
A, Clostridium difficile, and coccidia (including Isospora suis).  

Rotavirus is an important cause of diarrhea in swine, as well as in most 
young animals including humans (4, 10). Colibacillosis is a major cause of illness 
and death in neonatal and recently weaned pigs. 

Balantidium is usually found as a harmless organism in pigs, but it can 
sometimes cause severe clinical and even fatal disease. 

The diagnosis and preventive measures are difficult because of the variety 
of enteric pathogens that can be isolated in suckling piglets of this age (7, 10).  

Diarrhea may be classified into three main entities: neonatal diarrhea – 
within the first few days of birth; young piglet diarrhea – from the first week of birth 
to weaning; postweaning diarrhea (4, 10). 

Fecal samples and spleen collected from western part in Romania from 
suckling piglets with diarrhea were screened for the presence of rotavirus, E. coli, 
coccidia and Balantidium coli (B. coli) using microscopic, culture and ELISA 
assays. 
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Materials and methods 
 

This study was carried out 80 fecal samples and 21 dead piglets (0 to 21 
days old) identified with diarrhea. These samples were sent for diagnosis to FMV 
Timisoara between December 2009 and February 2010.  

Fecal specimens were tested for rotaviruses using a commercial rotavirus 
enzyme-linked immunosorbent assay (ELISA).  

For isolation of E. coli the sampling were cultured on sheep blood agar, 
Levine and Mac Conkey agar plates for 18 h at 37°C. The isolates were cultured on 
blood agar containing 5% sheep blood. All samples were collected from suckling 
piglets that had not been previously treated with antibiotics. Identification of E. coli 
was based on cultural characters on Levine and Mac Conkey media and the API 
20E kit (bio Merieux, France), after passage of isolates from primary culture on the 
usual media.  

Coccidia and Balantidium coli were identified by microscopically examining 
feces for oocysts and cysts after flotation concentration method. 
 

Results and discussions 
 

In Romania there are only a few studies which reports enteropathogens 
frequency in herds of swine (2).  

Mixed infections may cause more severe clinical disease than infections 
with single agents, and affected animals may respond only partially to control 

strategies (7, 9). 
Infections with rotaviruses are common in swine population around the 

world (5, 6). Most rotavirus infections are subclinical in conventionally reared pigs 
and rotaviruses may be detected in apparently healthy pigs (7,9). Virulence of 
rotavirus may be affected among other things by virus strain and dose, age of the 
pig, host environmental and nutritional factors, and concurrent infections (9). Lece 
et. al. (5) shows that rotavirus damages the epithelium of the small intestines, 
which changes the luminal environment to one that favors colonization by 
enteropathogenic E. coli. 

The etiological diagnosis and rate of isolation of enteric pathogen from 
suckling piglets are shown in the table 1. As it could see in the table, 56.4% from 
cases had a monofactorial etiology and 27.7% had multiple etiologies in suckling 
piglets with diarrhea. 

Prevalence of enteric pathogens from suckling piglets with single infection 
was: rotavirus in 21 samples (20.7%), coccidia in 19 samples (18.8%), Balantidium 
coli in 7 samples (6.9%) and Escherichia coli in 10 samples (9.9%). 
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Fig. 1. Prevalence of enteric pathogens (%) from suckling piglets with single 
infection 

 
Table 1 

Prevalence of enteric pathogen from suckling piglets 
(NO. 101) 

Enteric pathogens isolated No. Percentage (%) 

Rotavirus 21 20.7 

Coccidia 19 18.8 

Balantidium coli 7 6.9 

Escherichia coli 10 9.9 

Total with single infection 57 56.4 

Rotavirus + Coccidia 9 8.9 

Rotavirus + Coccidia + 
Balantidium coli 

7 6.9 

Rotavirus + Coccidia + 
Escherichia coli 

3 2.9 

Rotavirus + Coccidia + 
Escherichia coli + Balantidium coli 

1 0.9 

Total with multiple infection 28 27.7 

Negative  16 15.8 

Total 101 100 

 

Rotavirus was the most frequently detect entropathogen in combination 
with other agents: Rotavirus + Coccidia 8.9%, Rotavirus + Coccidia + Balantidium 
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coli 6.9%, Rotavirus + Coccidia + Escherichia coli 2.9%, Rotavirus + Coccidia + 
Escherichia coli + Balantidium coli 0.9% (Fig. 2).  

Morin et al. (7) reports diarrhea in piglets at 1-3 weeks of age (55.8%), 
since Wieler et. al. (10) reports a very low level of rotavirus infection in suckling 
pigs in Germany. In our study rotavirus, the most prevalent agent in suckling piglets 
with diarrhea (40.5%), was detected in 20.7% as alone infection and 27.7% as 
multiple infection.  

 

 
 

Fig. 2. Prevalence of enteric pathogens (%) from suckling piglets with multiple 
infections 

 
Animal diseases due to enterotoxigenic Escherichia coli (ETEC) typically 

appear as severe watery diarrhoea during the first few days of life, also a few days 
after weaning in pigs (5, 8). The disease is usually caused by enterotoxigenic 
strains of the bacterium Escherichia coli (ETEC), although nonenterotoxigenic 
strains of that organism may also occasionally cause the disease (7).  

Escherichia coli was isolated in 9.9% from single infection from suckling 
piglets with diarrhea and in 1.4% from multiple infection. Similar results were 
obtained by others which reported on 12.8% alone and combined 6.8% (4, 7).  

The results of our study indicate that coccidia are the most important 
protozoal disease of piglets‘ causes‘ diarrhea (38.6%). This finding corresponds to 
those of an earlier investigation in Germany (10) and Japan (4). Coccidiosis is 
common and widespread in sucking piglets but is seen occasionally in growing and 
finishing pigs. Piglets 5-15 days old are characteristically infected with only 
Isospora suis which produces enteritis and diarrhea (3). 

Balantidiosis is an antropozoonosis that affected both humans and pigs. B. 
coli can be found in all age categories of animals. Some pigs experience moderate 
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to severe diarrhea, while others show no sign of disease. The difference between 
the acute and the symptomless pigs may indicate that different strains of the 
parasite are involved. Sows can shed many cysts thereby contaminating farrowing 
pens. Many scientists believe Balantidium from pigs and humans are the same 
species. However, some pig strains of the parasite can be distinguished from 
human strains and are not infectious to humans (11). 

There are no studies that have examined the prevalence of Balantidium 
coli in pigs in Romania. In Danish farms the prevalence of B. coli is 57% in suckling 
piglets (11).  

In the present study the prevalence was 6.9% alone and 14.8% from 
multiple infections.  

In this study we are not found any agents in 15.8% of the suckling piglets. 
On the basis of your results we can say that diarrhea in piglets was 

produce by multiple pathogens (84.1%). Regarding of this all prevention methods 
and treatment must be correlating with diarrhea pathogens. 
 

Conclusions 
 

Digestive disorder‘s etiology in piglets from farms in west of Romania are 
represented by rotaviruses, Escherichia coli, coccidian and Balantidium coli. 

This investigation has demonstrated that porcine rotavirus is widely spread 
in pig herds (suckling piglets) from farms in west of Romania. 

Rotavirus was the most frequently detect entropathogen in combination 
with other agents or alone, followed by coccidia, E. coli and Balantidium coli. 

It is the first study from Romania that reported Balantidium coli prevalence in 
suckling piglets‘ herds. 
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Summary 

 
The susceptibility of 25 Streptococcus spp. strains isolated from diseased pigs to 7 

antimicrobial agents was determined. For that purpose a diffusimetric method was used 
according to Comité de l'Antibiogramme de la Société Française de Microbiologie. The 

following antimicrobial agents were tested: Enrofloxacin, Florfenicol, Gentamicin, Penicillin, 
Linco-spectin, Oxytetracycline, Trimethoprim + Sulphamethoxazole. 

Key words: Streptococcus spp., antimicrobial susceptibility. 

 
Streptococcus suis is an important pathogen of swine, causing meningitis, 

arthritis, pericarditis, polyserositis, septicaemia, pneumonia and sudden death. 
Most infections occur in piglets at the age of 3 to 12 weeks, especially after 
weaning (1, 2, 3, 4).  

Subclinical carrier animals are the most important source from which bacteria 
are transmitted to sensitive young pigs (5). 

The disease has a worldwide distribution and causes considerable losses to 
pig production (3). 

Currently, bacteriological techniques are routinely used to detect 
Streptococcus spp. (3).  

For the treatment, the choice of the best antimicrobial agent must be based 
on several criteria, such as the susceptibility of the organism, the type of infections, 
and mode of administration (1).  

The objective of this study was to evaluate the antimicrobial susceptibility of 
Streptococcus spp. strains isolated from piglets with symptoms of meningitis, 
arthritis, septicaemia and respiratory disease. 
 

Materials and methods 
 

Investigations were conducted during 2009 - 2010 on piglets provided from 
fattening farms from western part of the country, where had been reported cases of 
meningitis, arthritis, septicaemia and respiratory disease. 

Culturing was made from spleen, liver, brain, bone marrow and lungs, using 
brain heart infusion broth and nutritive agar supplemented with 5% defibrinated 
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blood. Samples were incubated for 24 hours at 37
0
C. Identification of 

Streptococcus spp. strains was based on morphological, cultural, biochemical 
characters and on the results on API 20 Strep. 

Antimicrobial susceptibility testing of all strains was carried out by 
diffusimetric method according to recommendations reported by the Comité de 
l'Antibiogramme de la Société Française de Microbiologie. The culture medium 
used for this method was nutritive agar supplemented with 5% defibrinated blood. 

Cultures in liquid medium, after 24 hours of incubation, were diluted in sterile 
broth, until 0.5 McFarland turbidity was obtained. 

Using a Pasteur pipette a quantity of 1 ml from the diluted culture was taken 
and deposited on the surface of the nutritive agar supplemented with 5% 
defibrinated blood. The plates were kept in thermostat for 15 minutes to dry out, 
and then the microcomprimates were deposited on plate. 

The result was read after 24 hours of incubation at 37
0
C by determination of 

the inhibition zone diameter in mm, according to Comité de l'Antibiogramme de la 
Société Française de Microbiologie. 

The antimicrobials tested in this study were: enrofloxacin (5 μg), florfenicol 
(30 μg), gentamicin (10 μg), penicillin (10 U.I.), linco-spectin (15 μg), 
oxytetracycline (30 μg), sulphamethoxazole/trimethoprim (25 μg). 
 

Results and discussions 
 

Twenty-five strains of Streptococcus spp. were isolated from spleen (5 
strains), liver (2 strains), brain (2 strains), bone marrow (5 strains) and lung (11 
strains) of diseased piglets. 

Antimicrobial susceptibility testing results of the 25 Streptococcus spp. 
isolated strains are listed in table 1. 

The antimicrobial that presented the greatest resistance was 
Sulfamethozaxole/trimethroprim.  

The antimicrobials that presented the lowest resistance were Florfenicol and 
Linco-spectin. 
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Table 1 
Antibiotic susceptibility of Streptococcus spp. strains isolated 

S
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Is
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No. of 
strain 

Antimicrobial 

ENF 
(5µg) 

FFC 
(30µg) 

GM 
(10µg) 

P 
(10UI) 

L 
(15µg) 

OT 
(30µg) 

SXT 
(25µg) 

R ≤ 17 R ≤ 19 R ≤ 11 R ≤ 8 R ≤ 19 R ≤ 17 R ≤ 10 

I 18-21 I 20-21 I 12-16 I 9-28 I 20 I 18 I 11-15 

S ≥ 22 S ≥ 22 S ≥ 17 S ≥ 29 S ≥ 21 S ≥ 19 S ≥ 16 

S
p
le

e
n
 

1.  R I I I S S R 

2.  R S I I I I R 

3.  I R I I S I R 

4.  I I I I I I R 

5.  S S S S S S R 

L
iv

e
r 

6.  I S I I S S R 

7.  S S S S S S R 

B
ra

in
 

8.  S S I S S R S 

9.  S S I S S R S 

B
o
n
e
 

m
a

rr
o
w

 10.  I S S I S S S 

11.  S I I I S I R 

12.  R S I I S I R 

13.  I I S I S I R 

14.  I S R I S S S 

L
u
n
g
 

15.  S I I I S I R 

16.  I I I I R R R 

17.  I S I S S R R 

18.  S S I S S S R 

19.  I S R I S R S 

20.  S S R S S S R 

21.  S S R S R I S 

22.  S S I S S S S 

23.  S S I S S S S 

24.  S S S S S S S 

25.  S S S S S S S 

Total 4R-9I-12S 2R-5I-18S 4R-15I-6S 13I-12S 2R-3I-20S 6R-7I-12S 16R-9S 

ENF – enrofloxacin; FFC – florfenicol; GM – gentamicin; P – penicillin;  
L - linco-spectin; OT – oxytetracycline; SXT - trimethoprim/sulphamethoxazole;  
R – resistant; I – intermediary; S – susceptible. 

 
Conclusions 

 
There were isolated and characterized 25 strains of Streptococcus spp. from 

pigs with meningitis, arthritis, septicaemia and respiratory diseases. 
A large number of strains isolated from lungs were sensitive to florfenicol, 

enrofloxacin, penicillin and linco-spectin. 
The strains isolated from spleen, liver and bone marrow were resistant to 

trimethoprim/sulphamethoxazole. Some strains isolated from lungs were sensitive 
to this antimicrobials combination. 
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A major point of concern is the relatively high number of Streptococcus spp. 
strains shown to be resistant to trimethoprim/sulphamethoxazole. 
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Summary  
 

The purpose of this research to evaluate the compliance of sheep milk and dairy 
products from sheep's milk in the South East part of Romania. During 2008 and 2009 a 
number of 229 milk samples from sheep and 236 samples of fresh cheese, fresh and 
matured cheese from sheep's milk from the South East of Romania, were analyzed The 
chemical composition of milk was determined using FTIR Lactoscope instrument (Delta 
Instruments), Microbiological methods of analysis of milk and dairy products have been 
listed in the current standards. 

The analysis of sheep milk showed non-compliance probes in terms of fat content, 
protein content, amount of dry matter and density with an increase in the incidence in 2009. 
The microbiological analysis of sheep's milk showed a large number of non-compliant 
samples depending on the parameter examined. High incidence of non- compliance probes 
regarding chemical composition was obtained with a seasonal distribution. The 
microbiological analysis of sheep milk products reveals a small number of non compliant 
probes for fresh and curd cheese.  

Key words: sheep milk, sheep milk product, chemical and microbiological 

compliance 
 

Dairy sheep is an important part of some region economy from our country. 
The information‘s regarding chemical and hygienic composition of this milk and milk 
products are sometimes insufficient. The chemical composition of sheep milk is 
different to cow milk and have a large variation (5,6). A lot of researchers noted that 
the sheep milk composition occur especially by season because towards the end of 
the lactation, the fat, protein, solids and minerals contents increase while the 
lactose contents decrease (3,4). Still, in our country, was developed national 
programs for improving milk quality and salubrity there are a lot of problems to 
achieve the standards yet. Also, during the process of obtaining and processing 
raw milk and dairy products contamination can occur by both endogenous and 
exogenous, that depreciate their nutritional value, and in some cases, can cause 
consumer illness (1). 

In this work we aimed to evaluate the compliance of sheep milk and dairy 
products from sheep's milk in the South East part of Romania 
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Materials and methods 
 

During 2008 and 2009 were analyzed a number of 229 milk samples from 
sheep and 236 samples of fresh cheese, fresh and matured cheese from sheep's 
milk from the South East of Romania. Conformity assessment was done by 
determining the physico - chemical and microbiological parameters as followed: fat, 
protein, the freezing point, density, acidity, salt content (for matured products), total 
number of germs, coagulase-positive staphylococci, Salmonella spp. and Listeria 
monocytogenes 

The chemical composition of milk was determined using FTIR Lactoscope 
instrument (Delta Instruments), determining the percentage of fat, protein 
percentage, lactose percentage, percentage of dry defatted and percentage of total 
milk solids. S54B Milkon Scan Tool determinations made chemical composition of 
milk and dairy products by infrared spectrometry. Results were collected 
automatically by a computer using special software tool.  

Parallel determinations of milk components by standardized methods were 
made (8). Microbiological methods of analysis of milk and dairy products have been 
listed in the current standards (9,10,11,12). 

 
Results and discussions 

 
The results regarding the chemical composition of milk samples from 2008 

analysis reflected a non-compliance in terms of fat content, protein content, amount 
of dry matter and density. The number of non-compliant samples remained the 
same in 2009 and for some indicators increased (fat, protein, density, freezing 
point). 

In Romania, the accepted value of the freezing point is ≤  0.515 °C (SR 
2418/2008). The freezing point of milk is a parameter of its quality because the 
addition of water modified the soluble components concentration in milk. 

Thus, if in 2008 there was an annual average of freezing point of -0.523 °C, 
then this parameter presents a downward trend in 2009 with a minimum value of -
0.515 °C. This is reflected in the higher number of non-compliant samples in the 
year 2009 compared with those from the 2008 year.  

The protein is considered a major element of quality raw milk conformity 
due to its high biological value. If the entire period analyzed there were 4.80% of 
non compliant samples, in 2009 an increase in the incidence of non compliant was 
established, with an incidence of 19.56% (table 1). 
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Table 1 
Number of non -compliant probes 

Specification 

Parameter 

Fat Protein TDU Density 
Freezing 

point 

2008 

No of analyzed probes 183 183 183 183 183 

of which non-
compliant 

Nr. 11 3 2 4 1 

% 6,01 1,64 1,09 2,18 0,55 

2009 

No of analyzed probes 46 46 46 46 46 

of which non-
compliant 

Nr. 5 9 6 2 1 

% 10,87 19,56 13,04 4,34 2,17 

Total 

No of analyzed probes 229 2229 229 229 229 

of which non-
compliant 

Nr. 16 11 8 6 2 

% 6,98 4,80 3,49 2,62 0,87 

 
Analyzing the evolution of the average fat content of samples an increase 

in the number of non-compliant samples in 2009 compared to 2008 was observed. 
The results obtained during analysis of samples shows that non-compliant 
developments evolve in line with the freezing point. This parameter is influenced by 
the milk solids content, but also the ratio between the fat and non-fat. Non-fat dry 
substance influences density, more non-fat dry milk content is higher, the density is 
higher. The milk density is influenced by the fat content of milk, as it is higher, the 
density decreases. 

Data from the microbiological analysis of sheep's milk showed that a large 
number of non-compliant samples have a different evolution depending on the 
parameter examined; still the N.T.G.M.A. maximum allowed for sheep milk 
established by legislation is 1.500.000 CFU/cm

3 
(Figure1). 

In conditions in which the maximum value of germs total number is quite 
high compared with those established for cow's milk (in which is accepts only 100 
000 ufc/cm

3
) we observed that about 12% of the samples exceeded these limits in 

2008 and 2009. Although this indicator does not provide data on the type of 
microorganisms that exist in milk it helps to appreciate indirect hygiene milking and 
also it guided on the health of the mammary gland. 

The results has not essentially changed, during the year 2009 was 
remained stable as respect the number of samples compliant with this indicator. As 
might be expected the analysis of milk samples founded that the number of non 
compliant probes regarding coagulase-positive staphylococci indicator is two to 
three times higher. These results confirm that the incidence of mammary gland 
diseases in sheep herds remains high both in 2008 and 2009.  

Number of milk samples in non compliant for Listeria monocytogenes 
indicator was insignificant around of 3% in 2008 and 4% in 2009. These results are 
similarly with those obtained by others authors. Regarding the number of non-
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compliant samples in relation with the season could it could be concluded that this 
number is higher in spring than in summer, in direct correlation with milk production 
and incidence of mastitis in sheep. The results obtained in the experiment with 
reference to the safety of milk from sheep, assessed by indicators established in 
European regulations and interpreted as framing or failure to comply with the 
compliance requirements are similar to those obtained by other researchers (2). In 
the spring season, production of milk is increasing, in direct correlation with the 
incidence of mammary gland inflammation. Staphylococcus aureus is frequently 
incriminated as the main agent responsible for the outbreak of mastitis in dairy 
sheep. Obviously the fact that the same predisposing factors that cause mastitis in 
lactating cows (stage and lactation number, season, etc.) are determined in this 
case. 

 

 
Fig. 1. Percent of non compliant microbiological milk sheep samples 

 
Regarding the chemical composition of milk samples analyzed in 2008, it 

was found non-compliance in terms of fat content, protein content, and amount of 
dry matter. The number of samples remained non-compliant in 2009 for some 
indicators, and for others indicators increased (fat, protein, density, freezing point). 

After assessing the determinations made from wholesomeness of sheep's 
milk products appreciation (curd, fresh, fresh and ripened cheese from sheep's 
milk) were often found exceeding of safety indicators set out in European 
regulations (7).  

Analyzing the results obtained regarding the non – compliant probes, 
based on the presence of staphylococci, there is difference from one product to 
another and from one period to another. 
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Thus, in 2008 the highest incidence of non- compliance probes was 
obtained with fresh cheese products (35%) and curd cheese (46.66%). Also, there 
was a characteristic seasonal distribution (Fig. 2). 
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Fig. 2. The incidence of non compliant cheese samples regarding Staplylococcus 

aureus indicator 
 

Non compliant samples in the period April to June in both fresh cheese and 
curd cheese were observed. The ripened cheese product samples have been non 
compliant in the third quarter period which corresponds to its maturation process. In 
2009, remains the same irregular distribution of samples marked decrease when 
ripened cheese product occurred. 

Data on the incidence of the genus Salmonella spp. in the products under 
study reveals a small number of non compliant probes, but different from one 
period to another and from one product to another (Fig. 3). 

6.25

5

13.33

4.35

0
0

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

2008 2009

fresh cheese

brine
ripened
cheese
curd cheese

 
Fig. 3. The incidence of non compliant cheese samples regarding Salmonella spp. 

indicator 
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Thus, in 2008 the presence of Salmonella spp. occurred in 7.28% of the 
samples with a higher share for fresh and curd cheese (Fig. 3). 
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Fig. 4. The incidence of non compliant cheese samples regarding Listeria 

monocytogenes indicator 
 

In 2009 the incidence of samples that were isolated Salmonella spp. were 
recorded for ripened cheese product, but with a lower frequency than in 2008.  

The incidence of Listeria monocytogenes in cheese samples was reduced 
in both 2008 and 2009. Positive samples were recorded for curd sheep's cheese 
product in 2008 and fresh cheese in 2009. 

Analyzing the results obtained it was found that the incidence of non-
compliant in terms of both physical and chemical differ from one product to another 
and from one year to another.  

Thus, in 2008 there were non-compliant samples in all physico-chemical 
parameters analyzed for the brine ripened cheese. Thus, the incidence of non-
compliant samples ranged from 1.6 for protein and acidity to 16% for salt content. 
For fresh cheese the water and salt content, percentage of samples was 
inconsistent (18 and 12% respectively). The obtained values for curd cheese 
samples analyzed during 2008 and all indicators were within the requirements laid 
down in standards. 

In 2009 non-compliant samples were recorded in all studied products, but 
with differences depending on the parameter. So if fresh cheese product samples 
have been inconsistent for fat, protein and moisture, the percentage of non-
compliant samples ranged from 4% for protein to 17% for fat. 

In ripened cheese product, non-compliant samples were recorded in fat 
and salt parameters. It was also found that the incidence of non-compliant samples 
for most parameters, were recorded in sheep's curd cheese (11% of samples). 
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Analyzing the incidence of non-compliant samples based on physico-chemical 
parameters in the two years taken into study found a decrease in their 2009 
compared to 2008 (from 1.29% to 0.87%)., 
 

Conclusions 
 

The analysis of sheep milk showed non-compliance probes in terms of fat 
content, protein content, amount of dry matter and density, with an increase 
incidence in 2009. 

The microbiological analysis of sheep's milk showed a large number of 
non-compliant samples depending on the parameter examined: 12% for TNC., two 
to three times higher for coagulase-positive staphylococci, and 3% for Listeria 
monocytogenes.  

A high incidence of non- compliance probes regarding chemical 
composition was obtained especially for fresh cheese products and curd cheese 
with a seasonal distribution. 

The microbiological analysis of sheep milk products reveals a small 
number of non compliant probes for fresh and curd cheese. The presence of 
Salmonella spp. occurred in 7.28% in 2008 for fresh and curd cheese. Positive 
samples for Listeria monocytogenes in were recorded for curd sheep's cheese 
product in 2008 and fresh cheese in 2009. 
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Summary  
 

In this work we aimed to evaluate compliance with the standard of goat milk and 
milk products from goat milk in the area of Dobrogea, from the South East part of Romania. 

During 2008 and 2009 were analyzed a number of 27 milk samples from goat and 
30 samples of brine matured cheese from goat milk from the South East part of Romania 
were analyzed The chemical composition of milk was determined using FTIR Lactoscope 
instrument (Delta Instruments), Microbiological methods of analysis of milk and dairy 
products have been listed in the current standards. 

The analysis of goat milk showed non-compliance probes in terms of fat content, 
protein content, amount of dry matter with an increase in the incidence In 2009 and a 
seasonal distribution. The microbiological analysis of goat's milk showed a small number of 
non-compliant samples in terms of N.T.G.M.A., and coagulase-positive staphylococci and 
Salmonella spp.  

Key words: goat milk, goat milk cheese, chemical and microbiological compliance 

 
Even herding of goats is thought to have evolved about 10,000 years ago 

still, goat milk continued to play an important role in human nutrition. It is estimated 
that over 80% of the world's goat population is located in Asia and Africa (7).  

In our country a small effective of goat is located mainly in the South Est 
part. After a decline in the number of goats in our country an increasing tendency 
was observed in the last years in the area of Dobrogea. The milk of goats is mainly 
reserved for cheese making and most often it is not sold in our country although 
was noted an increases interest of consumer regarding consumption of the goat 
milk of and milk products of goat. The quality of the milk for cheese making 
depends essentially on its physical and chemical composition and also on hygienic 
and sanitary factors (bacterial count, somatic cells count, etc.). The most prevalent 
problem with goat milk is the presence of Staphylococcus aureus and its 
enterotoxin in milk and milk products. Also, regarding Escherichia coli, Salmonella 
spp. and Listeria monocytogenes there are several reports on the presence of in 
raw milk. (1, 2 ). The chemical composition of goat milk is similarly with human milk 
and it is different from the cow milk. The chemical composition of milk has a 
fundamental importance for its market value and affects its nutritive value, as well 
as its technological properties regarding processing.  
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In this work we aimed to evaluate compliance with the standard of goat 
milk and milk products from goat milk in the area of Dobrogea, from the South East 
part of Romania. 

 
Materials and methods 

 
During 2008 and 2009 were analyzed a number of 27 milk samples from 

goat and 30 samples of brine matured cheese from goat milk from the South East 
part of Romania. Conformity assessment was done by determining the following 
physico - chemical and microbiological parameters: fat, protein, the freezing point, 
density, acidity. For matured products the salt content was determined. 

Milk and dairy products from sheep's milk salubrity assessment was made 
by determining: total number of germs, coagulase-positive staphylococci, 
Salmonella spp. and Listeria monocytogenes (L.M.). 

The chemical composition of milk was determined using FTIR Lactoscope 
instrument (Delta Instruments), determining the percentage of fat, protein 
percentage, lactose percentage, percentage of dry defatted and percentage of total 
milk solids. S54B Milkon Scan Tool determinations made chemical composition of 
milk and dairy products by infrared spectrometry. Results were collected 
automatically by a computer using special software tool.  

Parallel determinations of milk components by standardized methods were 
made (9). Microbiological methods of analysis of milk and dairy products have been 
listed in the current standards (10, 11, 12, 13). 
 

Results and discussions 
 

The physical and chemical composition of milk samples analyzed in 2008, 
non-compliance were found for fat content, protein content, amount of dry matter 
and density. The number of samples remained non-compliant in 2009, and for 
some indicators increased (fat, protein, density). Analyzing the evolution of the 
average fat content of samples analyzed, an increase in the number of non-
compliant samples in 2009 compared to 2008 were observed. 

Regarding the protein content of milk throughout the period analyzed there 
were a low incidence of non compliant probes 4% in 2008, with an increase in 
2009, their incidence being 15%. 

Analyzed the results on non-fat dry matter content non compliant probes 
with a higher incidence in 2009 (13.03%) compared to 2008 was found (1.09%). 

After analyzing samples of raw milk have not found differences on the 
incidence of non-compliant samples based on the total number of germs and the 
presence of coagulase positive staphylococci, in the samples analyzed during the 
years 2008 and 2009 (Table 1). 
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Table 1 
Number of goat milk probes non compliant to microbiological parameters 

Specification 
Parameter 

TNG S. aureus Listeria 

2008 

No of analyzed 
probes 

15 15 15 

of which non-
compliant 

No. 7 5 - 

% 46,66 33,33 - 

2009 

No of analyzed 
probes 

12 12 12 

of which non-
compliant 

No. 5 4 - 

% 41,66 33,33 - 

Total 

No of analyzed 
probes 

27 27 27 

of which non-
compliant 

No. 12 9 - 

% 44,44 33,33 - 

 
The percentage of non compliant probes regarding NTGMA, both in 2008 

and in 2009, was set at around 40. For coagulase - positive staphylococci the same 
value of 30% of the total non-compliant samples in the two years analyzed samples 
was found.  
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Fig. 1. Percent of goat milk probes non - compliant 
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The germs belong to the genus Listeria (Listeria monocytogenes) have not 
been identified in goat milk samples analyzed. Other authors have found similar 
results on microbial load of milk goats. Thus, Foschino et al.cit. by (7) not found 
Salmonella spp. and Listeria monocytogenes in goat milk analyzed in Italy. 

Also, there was a seasonal distribution of the incidence of non-compliant 
samples in both total numbers of germs and also in the presence of coagulase 
positive staphylococci. Non compliant samples regarding the total number of germs 
were recorded in spring (88.46%), when milk production is higher. 

If on the entire experimental period the average incidence of positive 
samples was 13.97%, in seasons with low temperatures the incidence was lower 
and in seasons with high temperature an increase in the incidence of coagulase 
positive staphylococci was observed , with a peak in the spring season(September, 
17%). This indicates that seasonal thermal variations could influence the degree of 
contamination of milk during the production. 

Analyzing the physico-chemical results showed a different incidence from 
one year to another . Thus, in 2008 there were not observed non compliant probes 
to the products and to physico-chemical analysis made (Table 2). 

 
Table 2 

Number of cheese probes non -compliant to chemical parameters 
(2008 and 2009) 

Specification 

Parameter 

Fat Protein 
Wat
er 

Salt Acidity 

Cheese 
matured 
in brine 
(2008) 

No of analyzed 
probes 

10 10 10 10 10 

of which 
non-

compliant 

No. - - - - - 

% - - - - - 

Cheese 
matured 
in brine 
2009) 

No of analyzed 
probes 

12 12 12 12 12 

of which 
non-

compliant 

No. 1 1 1 2 - 

% 8,3 8,3 8,3 17 - 

TOTAL 

No of analyzed 
probes 

22 22 22 22 22 

of which 
non-

compliant 

No. 1 1 1 2  

% 4.5 4.5 4.5 9.09  

 
In 2009 the samples of cheese ripened in brine product, have been non 

compliant for all parameters, with a higher incidence in the salt content (17%) 
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Data on the incidence of the genus Salmonella spp. in the products under 
study reveals a small number of non compliant probes. Thus, in 2008 the presence 
of Salmonella spp. occurred in 5 % of the samples. In 2009 the incidence of 
samples that were isolated Salmonella spp. were recorded with a lower frequency 
than in 2008.  

In goat cheese matured in brine Listeria monocytogenes was not found.  
Variations in the chemical composition of goat milk in particular the content 

of fat, protein and dry matter other authors have found (6). The factors that 
determined these variations were most commonly represented by breed, feed, 
season, stage of lactation (4, 5, 6). 

 
Conclusions 

 
The chemical analysis of goat milk showed non-compliance probes in 

terms of fat content, protein content and amount of dry matter, with an increase 
incidence in 2009. 

The microbiological analysis of goat's milk showed a large number of non-
compliant samples in terms of N.T.G.M.A., and coagulase-positive staphylococci. 

Listeria monocytogenes was not found no in raw milk and no in ripened 
cheese. 

A low incidence of non- compliance probes regarding chemical 
composition was obtained especially for ripened cheese, in 2009. 

The non compliant probes regarding the presence of Salmonella spp. were 
not evidenced for milk and with a low incidence in cheese. 
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Summary  

 

A simplex Polymerase Chain Reaction (PCR) assay was applied to feed analysis 
for the identification of fish materials. The fish specific primers were designed in different 
regions of mitochondrial DNA 12S rRNA. The primers generated specific fragments of 230 
bp length. This method was successfully applied being highly reproducible, in our laboratory. 
The detection limit was settled at 0.001% fish material. By applying the PCR method it was 
possible to detect fish material contamination in commercial feed. The simplex PCR 
proposed in this study can be considered a valid alternative to the microscopic method for 
the detection of animal derived materials.  

Key words: PCR analysis, fish, protein, feed 

  
In according with EU and Romanian laws is not allowed to use in farm 

animals feed any sources of animal protein - processed animal proteins (PAPs). 
The official method regarding the analytical method for the determination of 
constituents of animal origin for the official control of feeding stuffs are detailed in 
Commission Directive 2003/126/EC. In Romania the method was described in 95 / 
2005 Rule of National Veterinary and Food Safety Authority and it is according with 
Commission Directive (5). 

The most promising ones seem to be PCR (Polymerase Chain Reaction). It 
uses thermal steps to sustain an enzymatic chain reaction that theoretically should 
double the number of targets at each step. The high forensic value of PCR results 
is based on the research of specific targets in DNA sequences present in each cell 
of an organism and conserved at a suitable taxonomic level, commonly at species 
or groups of animals levels (1). 

The PCR approach being a DNA-based technique, detection will only be 
possible as long as its target molecule is still available. To improve the efficiency of 
the developed tests other important parameters is considered - the detection of 
multi-copy targets instead of single copy ones. 

The present paper describes the development and application of a PCR 
method to detect fish materials in feedstuffs in a single reaction step. For this 
purpose sequences from the genes encoding the mitochondrial 12S RNA molecule 
were analyzed. Primers were designed addressing different genes of mitochondrial 
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DNA characterized by alternate well-conserved regions and much variable regions 
and their binding sites (PBS) were selected in order to generate specific amplimers 
of less than 300 bp in length. Thus, the assay could be applied to samples with 
DNA highly degraded by heat, following the treatment indicated by the EU Law for 
thermal processing of animal ingredients: 134.4–141.9°C and 3.03–4.03 bar for 24 
min (2). 

The fish primers, designed following the alignment of four teleosteans 
sequences available in GenBank amplified wide range of teleosteans species as 
expected.  

 
Materials and methods 

 
Biological material  
Fish, ruminants, chicken and pork raw meat, soy bean and maize seeds 

and four types of commercial feeds: one indicated by the producer as consisting 
2% of fish material and three labeled as free of fish material coded as A, B and C, 
were analyzed in this work. 

The raw meat samples were frozen and manually grinded. The others 
analyzed materials were mill grinded, the product was homogenized and then the 
analytical samples were prepared. For each matrix, sample of 100 mg were used in 
the DNA extraction. 

DNA extraction and purification method  
The DNA was extracted using CTAB method following the standard 

procedure validated in our laboratory. The method is appropriate for the extraction 
and purification of DNA from a wide range of raw and processed matrices, being 
particularly suitable for the elimination of polysaccharides and polyphenolic 
compounds otherwise affecting the DNA purity and therefore quality (3). Each 
sample was extracted in two copies; beside, an extraction blank control (EB) and 
an environment control (EC) were done. 

Quantification of the extracted DNA by spectophotometric method 
The quality and quantity of extracted DNA was assessed by 

spectrophotometry method (BioMate Spectrophotometer- ThermoScientific). DNA 
was evaluated directly in aqueous diluted solution, measuring the optical density 
(OD) in ultraviolet light. The concentration of nucleic acids was determined by 
measuring at 260 nm against a blank. The quality of extracted DNA was evaluated 
by A260/A280 ratio.  

PCR analyzes 
The primers used in this experiment were designed from different regions 

of mitochondrial DNA (12S rRNA) following alignment of available sequences from 
GenBank database:  

Forward primer: 5‘ TAA GAG GGC CGG TAA AAC TC 3‘ 
Reverse primer: 5‘ GTG GGG TAT CTA ATC CCA G 3‘ (2). The primers 

were synthesized by Eurogentec S.A., Belgium. 
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PCR amplification was performed in a final volume of 50 µl using Go Taq 
Green Master Mix PCR kit from Promega, 20 pmol of primers and different 
concentrations of DNA template. 

Amplification was performed in a Corbett RESEARCH Thermal Cycler. with 
the following cycling conditions; after an initial heat denaturation step at 94 °C for 
10 min, 35 cycles were programmed as follows: 94°C for 30 s, 60°C for 1 min, 
72°C for 1 min and final extension at 72°C for 5 min.  

Amplicons were analyzed by electrophoresis on 3% agarose gel (Promega, 
USA) run in Tris Acetate EDTA Buffer for 30 min at 95 V and visualized in Ethidium 
Bromide (0.4 ng/ml) presence. 

 
Results and discussions 

 
The DNA was extracted from all of the samples – raw meat, plant seeds 

and four feeds types and re-suspended in a final elution volume of 100 µl. The 
quality and quantity was determined by spectrophometry (Table 1).  

 
Table 1  

 Evaluation of DNA concentration and quality, following the 
spectrophotometrically analysis 

Sample Concentration ng/µl OD 260/280 

Fish raw meat 116 1.820 

Ruminant raw meat 338 1.730 

Chicken raw meat 421 1.778 

Pork raw meat 274 1.780 

Soy bean seeds 298 1.831 

Maize seeds 243 1.840 

Feed with 2% fish material 257 1.835 

Feed A 278 1.786 

Feed B 241 1.819 

Feed C 237 1.791 

 
The purity of the DNA solution can be assessed by measuring the 

absorbance at both 260 nm and 280 nm. Experimentally, the ratio of 260 nm/280 
nm of a pure DNA solution is between 1.8 to 2.0 and the increasing of protein 
contamination decrease this value (3). 

 The 260 nm/280 nm ratios for the analyzed samples were between 1.730 
and 1.840, thus the DNA quality was within the range recommended for specific 
PCR method, confirming the efficiency of CTAB extraction method. Proceeding 
DNA concentration determination, all the samples were diluted to the same value of 
100ng/µl.  

For PCR amplification, specific fish primers recommended by Dalmasso et 
al. (2004) were used. Their nucleotide sequences were submitted to NCBI 
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database using blast n function and it turned out that they match in the 12S RNA 
molecule for most of fish species. A high degree of homology (98–100%, 
depending on the species) in primer binding sites (PBS) was observed. Further, the 
distance between the two sense and antisense PBS was nearly 230 bp, which is 
consistent with the fish amplicon length. 

In a preliminary phase of this investigation primers specificity was 
assessed with DNA extracted from raw meat (Fig. 1).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

To detect possible cross-reactions and unspecific amplifications product, 
the fish set of primers was challenged in simplex PCR with non-target species. In 
no case a cross-reaction neither unspecific amplicons were observed. As positive 
control of primers specificity, DNA extracted from fish raw meat and from feed 
containing 2% fish material was analyzed. The primers generated specific 
fragments of appreciatively 230 bp for fish containing DNA templates, proving the 
specificity of the PCR reaction. The exactly size of amplicons is depended on the 
number of deletions in each fish species. 

Further on, the DNA extracted from fish raw meat was diluted in order to 
determine the assay sensitivity. Seven serial DNA dilutions were made: 100, 50, 
10, 1, 0.1, 0.01, and 0.001 ng/µl respectively; prepared dilutions were used as DNA 
template for PCR amplification with fish specific primers (Fig. 2). 

The assay sensitivity was evaluated depending on PCR product intensity 
as it can be visualized in agarose gel. Considering 100 and 50 ng/µl DNA template, 
the intensity of PCR product is about the same with no discrimination. However, as 
expected, the intensity decreases gradually at lower concentrations, starting from 
10ng/µl concentration and continuing till the 0.001ng/µl limit. 

In the case of 0.001ng/µl template the amplicons are still perceptible 
meaning that this concentration can be considered a lower threshold for the 
sensitivity of this PCR assay.  

 

 

Fig.1. PCR specificity for DNA 
extracted from different types of 

matrices - raw meat, plants 
seeds and forage, with fish 
primers: lane 1, fish; lane 2, 

ruminant; lane 3, pork; lane 4, 
poultry; lane 5, soy bean; lane 6, 
maize; lane 7, 2% fish containing 
forage; lane 8, control reagent; 

lane 9, molecular weight marker: 
O‘GeneRuler Low Range DNA 

Ladder, Fermentas. 
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In order to determine the limit of detection, the DNA extracted from feed 
sample with known percent of fish content (2%, according to producer) was diluted. 
The DNA was diluted, for obtaining templates with known percent concentrations of 
fish material. Starting from 2% fish containing DNA template, five serial DNA 
dilutions were performed: 1%, 0.5%, 0.05%, 0.005% and 0.001% respectively; all 
of them were used as DNA template for PCR amplification along with fish raw meat 
extracted DNA, which was considered 100% (Fig. 3). 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

Evaluating the intensity of PCR products from Figure 3, it is nearly 
impossible to discriminate among concentrations of fish material above 0.5%. The 
intensity decrease dramatically in case of 0.001% fish DNA template. However, the 
presence of a still detectable PCR product enables the establishment of the 
detection threshold for this fish specific DNA sequence at 0.001%. 

 

 

Fig. 3. Evaluation of detection 
limit with progressive dilution 
of DNA extracted from 2% 

fish containing forage. Lane 
1, 100 %; lane 2, 2%; lane 3, 
1%; and lane 4, 0.5%; lane 5, 
0.05%; lane 6, 0.005%; lane 

7, 0.001%; lane 8, control 
reagent; lane 9, molecular 

weight marker: O‘GeneRuler 
Low Range DNA Ladder, 

Fermentas. 

Fig.2. Evaluation of assay 
sensitivity with progressive 

dilution of fish raw meat DNA 
template. Lane 1, 100 ng/µl; 

lane 2, 50ng/µl; lane 3, 
10ng/µl; lane 4, 1ng/µl; lane 

5, 0.1ng/µl; lane 6, 0.01ng/µl; 
lane 7, 0.001ng/µl; lane 8, 

control reagent; lane 9, 
molecular weight marker: 
O‘GeneRuler Low Range 
DNA Ladder, Fermentas. 
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Once the specificity, assay sensitivity and detection limit were evaluated, 
the DNA extracted from three types of commercial feed (lab coded A, B, C) labeled 
by producers as non-contaminated fish material were subjected to PCR analysis, 
along with a positive control, with fish specific primers (Fig. 4).  

 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 4. PCR analysis for fish contamination detection on commercial feeds. Lane 1 
– 4, A feed; lane 5 – 8, B feed; lane 9 – 12 C feed; lane 13, control, negative DNA 
template; lane 14, control, positive DNA template( 0.05% fish material); lane 15, 

control reagent; lane 16, molecular weight marker: O‘GeneRuler Low Range DNA 
Ladder, Fermentas. 

 
As previously mentioned the DNA was double extracted from the same 

samples and also, following the laboratory procedure each DNA template was 
subjected to PCR in two similar mixtures. Thus, the same sample was analyzed in 
four repetitions, excluding the appearance of false positives due to in laboratory 
cross-contamination. 

Following the PCR detection of fish material in the entire three commercial 
feeds it was possible to identify contamination of two – A and C, samples. The B 
sample proved to be free of fish contamination. Evaluating the intensity of used 
positive control (0.05% fish material) it was emphasized that the fish material 
contamination is well below the mentioned percent, probably being due to the 
manufacturer's faulty procedures. 

 
Conclusions 

 
At present, a critical point concerning the observance of EU ban of animal 

meals in feedstuffs is represented by the reliability of the control tests. The low 
resolution efficiency of the microscopic method, which allows the detection of 
zoological classes but not of species, highlights the need for alternative analytical 
approaches. Technologies based on DNA analysis seem to fulfill this need. 
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In conclusion, the PCR method proposed in this study can be considered 
as a further improvement of a PCR based assay for the control of feedstuffs. This 
study proved the specificity of the proposed primers, the assay sensitivity by setting 
a PCR amplification threshold of a 0.001ng/µl DNA template. A 0.001% limit of 
detection was also achieved in our laboratory. The test could be useful in the 
control of different food and feed products, to verify the origin of the raw materials, 
especially in products submitted to denaturing technologies, for which other 
methods cannot be applied. 

. 
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Summary  

 

Biofilm formation on equipments in milk producing or processing units creates 
hygiene problems with potential health risks for consumers. During processing or cleaning of 
stainless steel equipments, imperceptible scratches may appear. Herein we analyzed by 
fluorescent and confocal microscopy the effects of a 4 µm scratch on the stainless steel 
surface on biofilm formation and bacterial cells viability using the LIVE/DEAD® BacLight™ 
Bacterial Viability Kit. One single such imperfection leads to a 766.67% increase in bacterial 
cell density within the biofilm and creates a microhabitat where bacterial viability is increased 
by 46.5%. 

Key words: biofilm, stainless steel, bacteria viability 

 
Biofilms are surface-associated bacterial communities that predominate in 

natural and pathogenic ecosystems. The matrix-enclosed bacterial cells in these 
communities assume a phenotype that differs profoundly from that of their 
planktonic counterparts, and this mode of growth protects them from so many 
antibacterial factors that they constitute protected enclaves in hostile environments 
and chronic infections (1). Biofilms were described as the most successful life form 
on Earth (2) due to their occurrence in wet environments and resistance to 
detrimental conditions. Biofilm development is believed to occur as a sequential 
process that includes transport of microorganisms to surfaces, initial microbial 
attachment, formation of micro colonies, extracellular polymeric substances (EPS) 
production and biofilm maturation (3). Parts of biofilm occasionally detach from 
their support, making possible the colonization of other environments. 

Biofilm formation on stainless steel surfaces from milking equipment used 
in dairy farms or in milk processing units may create possible health risks for 
consumers or decreases the commercial value of milk. Biofilms are also hard to 
remove from these surfaces and often perpetuate the bacterial contamination 
throughout many production cycles. Most of the stainless steel equipment is made 
by various manufacturers using industry standard metal which is processed to 
various shapes and sizes and finished to a surface as smooth as possible. 

mailto:mihai.sarandan@gmail.com
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The present experiment was meant to evidentiate biofilm formation on 
stainless steel and the hygiene deficiencies associated with a minor imperfection 
on a stainless steel surface, in a dairy farm. 

 
Materials and methods 

 
For the experiment there was used AISI 304 stainless steel coupon 

purchased from a dairy equipment producer. On the surface of the stainless steel 
plate there was observed a 93 by 32 µm rectangular gap (fig 1 a) in the metal 
surface, which appeared probably during metal processing in the equipment facility. 
Overall material rugosity was measured using a Surtronic 25 roughness checker 
(Taylor Hobson). There were measured five portions of 4 millimeters on the 
material in order to estimate the average roughness. 

The stainless steel coupon was sunk in BHI liquid media (Biokar 
Diagnostic) which was inoculated with a typed strain of E.coli O149:K91, 
K88ac:H10 (NCTC 10650) and incubated at 37°C for 168 hours. Biofilm formation 
was assessed by fluorescent and confocal microscopy (Leica 2500M). The test 
stainless steel coupon was stained using the LIVE/DEAD® BacLight™ Bacterial 
Viability Kit (Invitrogen) according to the manufacturer specifications. For 
epifluorescence microscopy there was used a blue excitation light of 450–490 nm 
while fluorescent emissions at 500 and 600 nm were read using the microscope‘s 
built in filters. For 3D imaging the coupon was scanned at 400 Hz using a 488 nm 
argon laser at 25% intensity, also using the Leica DM 2500 microscope‘s 63x oil 
immersion objective with 1.3 numerical aperture. The 500nm and 600nm 
fluorescent emissions were read separately and then the images were overlaid. 

Epifluorescence images were analyzed using the software „ImageJ― and 
„BioImage L‖ for microscopic total and live/dead cell counts. The CLSM stacks 
were used for three dimensional reconstruction using Leica Application Suite 
Advanced Fluorescence (LAS AF) and biofilm parameters were determined. 

 
Results and discussions 

 
The stainless steel average roughness was measured to 0.268 ±0.104 µm. 

The gap depth was measured to be 4 µm (fig 1 b), which is almost 20 times less 
than the diameter of a human hair (4). The gap was invisible to the naked eye and 
imperceptible by touch. 

Under fluorescent microscopy the LIVE/DEAD® BacLight™ Bacterial 
Viability Kit stained living cells have a green fluorescence which was read at 500nm 
while dead cells have a red fluorescence which was read at 600nm. The readings 
were processed by overlaying the red and green emissions, followed by 3D 
processing which revealed the live/dead cell distribution (fig. 1). 

Bacterial cell counts in the gap showed an increase compared to flat metal 
surface. The live dead cell distribution is also different, the biofilm height section 
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(fig. 1) showing lots of live (green) bacterial cells in the gap compared to more dead 
(red) bacteria on the flat surface. In the gap the biofilm coverage was 11.7% with 
59.2% live cells. Outside the gap region the biofilm coverage was 3.19% with 
12.7% live cells. The bacteria density in the gap region was 0.23cells/µm

2
 while on 

the flat surface it was 0.03cells/µm
2
. 

 

 

 
Fig. 1. Live/Dead bacterial cell distribution on the plane surface of the stainless 

steel support and in the gap 
 
The results show higher biofilm coverage around the gap compared to the 

rest of the metal surface. Bacteria density in the gap were 766.67% higher 
compared to the flat metal surface. Also the bacterial cells seem to be protected by 
the 4µ threshold of the gap, the number of live cells in this area was 46.5% higher 
compared to the flat metal surface. 

Considering the depth of the gap on the stainless steel surface, of barely 4 
µm, it could have easily appeared as a scratch during processing and have passed 
unnoticed given its size. The necessity for mechanic cleaning of the milking or milk 
processing equipment could lead to the formation of lots of scratches of about the 
same size, creating favorable microhabitats for bacteria, and thus potential health 
risks for consumers. 
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Conclusions 
 
An invisible and imperceptible 4µm deep finishing imperfection on stainless 

steel materials used in milk processing equipments manufacturing results in a 
766.67% increase of bacterial density inside the gap. 

The gap on the metal surface creates a favorable microhabitat for bacteria 
where the ratio between live and dead cells is 46.5% higher compared to the flat 
metal surface. 

A minor processing deficiency in milking equipment manufacturing may 
lead to a major increase in bacterial numbers and viability, with potential health 
risks for milk consumers. 
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Summary 
 

The food borne pathogen Listeria monocytogenes has the ability to form biofilm and 
to persist for several years in food processing units, becoming a major concern for the food 
industry. Because surface to food transfer by contact is the most common manner in which 
food products become contaminated, the present study shows the potential contamination of 
pork and beef by simple contact between meat and a stainless steel surface. More than 70% 
of the biofilm can be transferred through simple contact, while the residual biofilm may carry 
on the contamination during several production cycles. 

Key words: biofilm, beef, contamination, pork, L. monocytogenes 

   
Listeria monocytogenes is ubiquitous bacterial specie, often described as a 

food-borne pathogen which may persist for years in food processing units due to its 
ability to form biofilm (3, 8) and thus it has become a major hazard in the food 
industry. The pathogen is able to grow at refrigeration temperatures, has a high salt 
tolerance and can survive at low pH levels. Many ready-to-eat aliments such as 
lightly salted meat fish delicatessen and soft cheese provide good growth 
conditions for L. monocytogenes. The pathogen is found frequently in nature and 
can be isolated in agricultural, urban and natural environments (1). L. 
monocytogenes contamination of food processing units may be caused by raw 
materials, water, equipments, animals and humans (8). L. monocytogenes has 
been isolated from different environments in food production, such as cooler floors, 
freezers, processing rooms, drains, floors, walls, gaskets, and conveyor belts (3, 
5). Surfaces of food-processing equipment often act as reservoirs for L. 
monocytogenes (3). Surface-to-food transfer by contact is the most common 
manner in which food products become contaminated during food processing, 
transport, retail and preparation (4).  

The present study shows the potential contamination of pork and beef 
during processing by contact with stainless steel L. monocytogenes biofilm covered 
surfaces. 
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Materials and methods 
 

The experiment was performed using Listeria monocytogenes 1/2a 
serotype, EGDe strain. The stock culture, stored at -80˚C in Brain Heart Infusion 
(BHI) broth (Biokar Diagnostics) with 20% glycerol, was streaked on BHI agar 
(Biokar Diagnostics) plates and incubated at 37˚C for 24 h prior the experiment. 

The biofilm was grown on AISI 304 unpolished stainless steel coupons 
(1x10x30 mm, 2.27±0.1g) which were prior cleaned in 5% Decon90 (Decon 
Laboratories Limited - England) solution, rinsed with demineralised water, air dried, 
and autoclaved 121°C for 15 minutes in Petri dishes. An overnight culture L. 
monocytogenes was diluted to a final concentration of log 6 CFU/mL and 300 µL of 
the culture were placed onto the surface of each coupon, followed by incubation 
(10°C, 10 days, 100% relative humidity) simulating the conditions from food 
processing units. 

After incubation the coupons were rinsed twice in 0.9% saline solution to 
remove planktonic cells and placed on approximately 50x50 mm slices of pork or 
beef. On top of each coupon there were placed weights of 10g to reach a pressure 
of 392.4 Pa, applied for 30 seconds, simulating the contact between a piece of 
meat and a stainless steel surface in the food industry. The coupons were then 
removed, placed in separate tubes containing nine mL peptone saline solution and 
sonicated for three minutes (Aqua Wave 9381) followed by one minute of vortexing 
in order to remove the remaining attached cells. Ten fold serial dilutions were spot 
plated on BHI agar. 

 
Results and discussions 

 
The cells number attached to the surface of the coupons reached, after 10 

days incubation, log 7.1cells/cm
2
. After the contact between the coupons and the 

pork and beef slices, the number of remaining cells on the coupons was log 
6.5/cm

2
 for pork and log 6.4/cm

2
 for beef (fig. 1). 

From the total number of cells attached to the coupons, 76% were 
transferred to pork and 77% to beef after a 30 seconds contact (fig. 2). Even if 
more than 70% from the attached cells were removed, still the number of remaining 
cells is very high, measuring log 6.4 and logs 6.5 cells of L. monocytogenes per 
square centimeter and can perpetuate biofilm on the stainless steel surfaces, with 
possibilities of contamination throughout several production cycles. The number of 
transferred cells, of about ten millions per square centimeter can pose serious 
health risks for meat consumers. 

The transfer of attached L. monocytogenes to meat, is very rapid and may 
be due to the capillary effect or liquid bridge created between the bacterial cells 
and the moisture content in the food product (6), but the extension of the contact 
time makes no differences in the number of transferred cells (7). 
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Fig. 1. Remaining cells on coupons after contact with pork and beef slices 

 
It was also proved that L. monocytogenes biofilm cells desiccated for up to 

24 h transferred from the surface of bologna to a stainless steel or high density 
polyethylene or from stainless steel knife blades to roast turkey breast is 
proportionally to the number of viable cells on the surface (2, 6). 
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Fig. 2. Percent of transferred cells from biofilm to pork and beef  

 
Transfer has been found to be proportional to the number of organisms on 

the surface but also dependent of the composition of the food product, type of 
surface material, temperature, presence of other bacteria, biofilm, etc.. Changes in 
food composition, e.g., increasing fat and moisture contents, seem to enhance 
transfer (2, 6). 
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Conclusions 
 

More than 70% of the L. monocytogenes biofilm formed on a stainless 
steel surface can be transferred by contact between the contaminated material 
surface and fresh meat. 

L. monocytogenes biofilms are not completely removed after contact with 
fresh meat and can cause long term contamination of stainless steel surfaces in 
food processing units. 

 

Acknowledgements 
 

This study was supported by CNCS – UEFISCDI Grant No 902; 1101/2009. The 
work was published during the project ―PILOT PROGRAMME SUPPORTING 
RESEARCHES OF DOCTORAL FELLOWS‖ (POSDRU/6/1.5/S/21), co-financed by the 
European Social Fund through the Sectorial Operational Programme for the Human 
Resources  Development 2007-2013. 

 

References 
 

1. Harmsen, M., Lappann, M., Knøchel, S., Molin, S., Role of Extracellular DNA 
during Biofilm Formation by Listeria monocytogenes, Applied Environmental 
Microbiology, 2010, 76(7), 2271-2279. 

2. Keskinen, L.A., Todd, E.C.D., Ryser, E.T., Transfer of surface-dried Listeria 
monocytogenes from stainless steel knife blades to roast turkey breast, Journal of 
Food Protection, 2008, 71, 176–181. 

3. Latorre, A. A., Van Kessel, J. S., Karns, J. S., Zurakowski, M. J., Pradhan, A. K., 
Boor, K. J., Jayarao, B. M., Houser, B. A., Daugherty, C. S., Schukken, Y. H., 
Biofilm in milking equipment on a dairy farm as a potential source of bulk tank milk 
contamination with Listeria monocytogenes, Journal of Dairy Science, 2010, 93, 
2792–2802. 

4. Pérez-Rodríguez, F., Understanding and modeling the bacterial transfer to foods: a 
review, Trends in Food Science and Technology, 2008, 19, 131–144. 

5. Robbins, J. B., Elimination of Listeria monocytogenes Biofilms by Ozone, Chlorine, 
and Hydrogen Peroxide, Journal of Food Protection, 2005, 68(3), 494-498. 

6. Rodriguez, A., Autio, W. R., McLandsborough, L. A., Effect of biofilm dryness on 
the transfer of Listeria monocytogenes biofilms grown on stainless steel to bologna 
and hard salami. Journal of Food Protection, 2007, 70, 2480–2484. 

7. Truelstrup, H. L., Vogel, B. F., Desiccation of adhering and biofilm Listeria 
monocytogenes on stainless steel: Survival and transfer to salmon products, 
International Journal of Food Microbiology, 2011, 146, 88–93.  

8. Wulff, G., Gram, L., Aherens, P., Vogel, B. F., One group of genetically similar 
Listeria monocytogenes strains frequently dominates and persists in several fish 
slaughter and smokehouses, Applied Environmental Microbiology, 2006, 72(6), 
4313-4322. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 206 
 

 

IDENTIFICATION OF METAL CONTAMINANTS IN SOME TYPES 
OF CANED FISH  

 
G.V. GORAN, V. CRIVINEANU, LILIANA TUDOREANU, C. STANESCU,  

LAURA POP  
 

Faculty of Veterinary Medicine Bucharest, 050097, 105 Splaiul Independentei, 5
th
 

district, Bucharest, Romania 
E-mail: gvgoran@gmail.com 

 
Summary 

 
In order to assess the presence of heavy metal residues, while realizing also an 

assessment of the nutritional quality of fish by determining the composition of micro and 
macroelements in caned fish, were analyzed by ICP-MS samples of sardines in oil and 
tomato sauce canned in tins. 

The results of the analysis performed, could be used to make a classification of 
canned sardines based on micro- and macroelements levels or degree of heavy metals 
contamination. 

In the case of some mineral elements detected, no significant differences of mineral 
levels in samples of fish meat and in tomato sauce or oil in which has been conserved were 
observed, suggesting an easier solubilization of these mineral elements in the liquid 
preserving environment. 

This paperwork includes the activity data related to research conducted in the 
laboratory for interdisciplinary study and modeling of heavy metal accumulation in the food 
chain – HEVMETFOOD of the Faculty of Veterinary Medicine Bucharest. 

Key words: sardines, heavy metals, microelements, macroelements, ICP-MS 

  
Sardines, or pilchards, are several types of small, oily fish related to 

herrings, family Clupeidae (7). Sardines were named after the Mediterranean island 
of Sardinia, where they once lived in abundance (12).  

The terms sardine and pilchard are not precise, and the usual meanings 
vary by region. The FAO/WHO Codex standard for canned sardines cites 21 
species that may be classed as sardines (8). 

Sardines are rich in omega-3 fatty acids, which reduce the occurrence of 
cardiovascular disease (2). Recent studies suggest that regular consumption of 
omega-3 fatty acids reduces the likelihood of developing Alzheimer‘s disease (1). 
These fatty acids may also help lower blood sugar levels a small amount (14). They 
are also a good source of vitamin D and B12, calcium and protein (6). Because they 
are low in the food chain, sardines are very low in contaminants, such as mercury, 
relative to other fish commonly eaten by humans (13).  

Sardines are canned in many different ways. At the cannery, the fish are 
washed, their heads are removed, and the fish are cooked, either by deep-frying or 
by steam-cooking, after which they are dried. They are then packed in olive, 
sunflower or soybean oil, water, or in a tomato, chili or mustard sauce. 
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Canned sardines in supermarkets may actually be "sprat" (such as the 
―brisling sardine‖) or round herrings. Fish sizes vary by species. Good quality 
sardines should have the head and gills removed before packing (8). They may 
also be eviscerated before packing (typically the larger varieties). If not, they should 
be purged of undigested or partially digested food or feces by holding the live fish 
in a tank long enough for them to empty their digestive systems (8).  

Consumption of canned sardines in tomato sauce and oil has become 
increasingly widespread, but not all consumers know the risks they may be 
exposed to the metal contaminants that can occur in them. 

To assess mineral composition and the possible presence of metallic 
contaminants in canned sardines in oil and tomato sauce, samples were analyzed 
by ICP-MS method in the laboratory for interdisciplinary study and modeling of 
heavy metal accumulation in the food chain of the Veterinary Medicine Faculty from 
Bucharest. 

The purpose of this study was to highlight the presence or absence of 
residues of heavy metals from the environment, tins alloy or conservation process and 
to determine the level of micro-and macro of sardines canned in oil and tomato 
sauce in cans, thus achieving an assessment nutritional quality of this type of fish. 

 
Materials and methods 

 
To obtain conclusive results on presence of heavy metal residues, while 

realizing also an assessment of the nutritional quality of fish by determining the 

composition of micro and macroelements in caned fish, in this study there were 
used eight samples represented by canned sardines (four canned sardines in 
vegetable oil denoted by OS and four canned sardines in tomato sauce denoted by 
TSS). Similarly samples were collected from different places. 
 Thus, in this study it were determined the levels of heavy metal residues, 
and also of some micro and macroelements levels in fish meat (sardines meat in oil 
denoted by SOS, and sardines meat in tomato sauce denoted by STSS) and oil 
(denoted by OOS) or tomato sauce (denoted by SaTSS) that represent the liquid 
preserving environment. 

There were used standards of 1000 mg/l of next standard elements: Mg, 
Al, Cr, Mn, Fe, Co, Ni, Zn, Cu, Se, Sr, Cd, Ba, Tl, Pb, Bi, Li, Be, B, Ga. Standards 
were prepared at a concentration of 0.001 ppm, 0.1 ppm and 50 ppm for each item. 
Based on these standards calibration curve was drawn to the device. In preparing 
the standards it was used UPW that was prepared in the laboratory. 

In order to detect extremely low concentrations of heavy metals, and also 
micro and macroelements in oil and tomato sauce caned sardines samples, ICP-
MS spectrometry was used. 
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Results and discussions 
 
Results of heavy metal residues, and also of some micro and 

macroelements levels in fish meat and oil or tomato sauce samples are presented 
in tables 1-2 and in graphs 1-4. 

The items sought were the following: magnesium, aluminum, chromium, 
manganese, iron, cobalt, nickel, zinc, copper, selenium, strontium, cadmium, 
barium, thallium, lead, bismuth, lithium, beryllium, boron, gallium. Each sample was 
analyzed in three repetitions, the final (x) the arithmetic mean of three results. 
Results communicated to the formula: X = x ± s, where: x - average, s - standard 
deviation, X - x sought. Of the 20 elements analyzed were found below the limit of 
the method as follows: Be, B, Ga, Li, Tl, Pb and Bi. 

 

Table 1 
The mean values of some mineral elements analyzed in oil and tomato sauce 

caned sardines samples (ppb)  

  Mg Cd Al Ba Ni Sr 

OOS 39.393 0.057 6.073 1.741 7.003 0 

SOS 329.125 0.246 5.719 4.892 6.323 78.325 

SaTSS 217.859 0.214 5.197 0.981 6.397 2.311 

STSS 259.175 0.667 5.310 5.691 5.852 72.605 

 

Table 2 
The mean values of some mineral elements analyzed in oil and tomato sauce 

caned sardines samples (ppb) 

  Co Cu Cr Fe Mn Se Zn 

OOS 0.067 0.959 11.401 9.768 0.672 0.089 11.727 

SOS 0.197 8.629 10.382 24.163 14.067 1.747 53.098 

SaTSS 0.068 2.381 9.811 9.921 0.740 0.208 10.037 

STSS 0.176 7.903 10.392 26.620 19.281 1.819 53.028 

 
The analysis performed in this studz showed that the highest amounts of 

magnesium were recorded in SOS and in the canned sardines in tomato sauce, 
both SaTSS and STSS. It can be seen, not only for this macro-element as well as 
in the others investigated mineral elements, that the minerals analyzed levels are 
significant near in canned sardines in tomato sauce, both in fish meat and sauce, 
while in canned sardine oil samples significant differences exist between levels of 
analyzed mineral in the oil, than in fish meat. It is possible that differences due to 
increased acidity of the conservation environment in the case of sardines canned in 
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tomato sauce, compared to those in oil and thus a better solubilization of some 
mineral elements. 
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Fig. 1. The mean values of magnesium in oil and tomato sauce caned sardines 

samples (ppb) 
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Fig. 2. The mean values of cadmium in oil and tomato sauce caned sardines 

samples (ppb) 
 

Significant differences of the levels of mineral elements analyzed in OOS 
and SOS, respectively SaTSS and STSS are observed for Co, Cr, Al and Ni, 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 210 
 

 

suggesting a better solubilization of these elements in their preserving 
environment, regardless of the influence of other factors. 
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Fig. 3. The mean values of some essential trace elements in oil and tomato sauce 

caned sardines samples (ppb) 
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Fig. 4. The mean values of some other microelements in oil and tomato sauce 

caned sardines samples (ppb) 
 

At the same time, in the case of Cu, Fe, Mn, Se, Zn and Ba it is noted 
significant differences between the levels of minerals analyzed in OOS and SOS, 
respectively SaTSS and STSS, and highly significant for Sr, which is almost never 
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found in OOS and SaTSS. This suggests a low or very low solubility of them in their 
preservation environment. In the case of Sr, it is clear that the presence of this 
element is due to contamination before conservation - during fish life or during the 
fish conservation process. 

Regarding the presence of Cd, it is an element commonly found in fish and 
fishery products, but in this case, as these fish is low in the food chain. Its levels 
are significantly lower, both in the fish meat and oil or tomato sauce, than MLs 
recommended by EFSA of 0.05ppm (11). Also in this study were observed 
significant differences between Cd levels in SaTSS and STSS compared to OOS 
and SOS; the highest level of Cd was recorded in STSS. 

Taking into account that, in the case of sardines, the levels of known 
potentially toxic mineral elements are found either below the detection method 
limits or have significantly lower levels compared to the recommendations of the 
regulatory bodies, it can be confirmed once again that sardines are very low in 
contaminants, relative to other fish commonly eaten by humans. 

It is recommended further studies towards identifying the factors that 
influence metal solubilization in the preservation environment and the moment of 
sardines contamination. 

 
Conclusions 

 
The results of the analysis performed, could contribute to the classification 

of canned sardines based on micro- and macroelements levels or degree of heavy 
metals contamination. 

Minerals levels are almost the same in canned sardines in tomato sauce, 
both in fish meat and sauce, while in canned sardine oil samples significant 
differences exist between levels of analyzed mineral in the oil, than in fish meat. 

In the case of some mineral elements detected, no significant differences 
of mineral levels in samples of fish meat and in tomato sauce or oil in which has 
been conserved were observed, suggesting an easier solubilization of these 
mineral elements in the liquid preserving environment. 

Cadmium levels are significantly lower, both in the fish meat and oil or 
tomato sauce. 

The levels of known potentially toxic mineral elements are found either 
below the detection method limits or have significantly lower levels 
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Summary 
 

The aim of this study was to evaluate the current quality of hunted meat through 
physicochemical, technological and sensorial parameters (m. longissimus dorsi and m. 
semitendinosus), a total of 19 intact carcasses of wild boars (males and females) being 
investigated.  

Texture profile analysis (TPA) and Warner Bratzler shear forces have described 
meat tenderness in correlation with thermal treatment, total fats and collagen content. 

Technological parameters were higher at males than females, having a maximum 
percentage at m. longissimus dorsi, 40.25% WHC and 4.98% drip losses. 

Colour affected by packaging, preserving and harvest conditions describes a meat 
with a lower lightness of tissue muscles from female‘s carcasses than males (31.58 vs. 
35.42 and 33.68 vs. 34.29). To summarize the obtained results it can be concluded that, 
despite the specific method of harvest, wild boar meat quality variables confirm high culinary 
usability of game.  

Key words: wild boar meat, chemical composition, meat tenderness, cooking loss, 
drip loss, sensory parameters 

 

 Frasin is a traditional agro-pastoral area and forestry hunting ground from 
Suceava province, located in north eastern Romania. The productive hunting area 
holds the largest share of Frasin forest (61%), followed in percent of 16% by 
pastures, orchards and arable lands (Fig. 1). Here, hunting is viewed by more than 
50 years as a rational activity, undertaken to maintain the balance of nature, but in 
the same time it is an economic activity on its one (29).  

Rational hunting economy deals not only with problems concerning the 
harvesting principle and shooting criteria of wild animals, it also should include 
some issues related to the quality of resulting raw meat. The omnivorous feeding 
behaviour of wild boar should be reflected in meat characteristics, according with 
the specific area living conditions and seasonal fluctuations (8). 

The objective of this study was to evaluate the quality and specificity of wild 
boar meat raised under specific condition of northern Romania wildness.  
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Fig. 1 Geographical location of harvesting area (FRASIN) 
 

Material and methods 
 

The study has been performed on 19 chilled carcasses of adults wild boars 
(males and females) shot in 2009/2010 winter period in different big game. The 
animals were selected for analysis based on the following criteria: 

 age at harvest – 4 years; 

 time that passed from harvest to carcass cutting – 15 to 24 h; 

 no bullet damage longissimus dorsi and semimitendinosus muscles; 

 accuracy of carcass evisceration, without no shot damage due to bullets; 
After evisceration, sanitary inspection, weighing (Table 1), transport and skin 

removal, were taken samples from obtained carcasses (without head) from the 
middle and extremity of the following muscles: longissimus dorsi (LD) and 
semimitendinosus (ST). The samples were vacuum packaged and stored under 
freezing at –20

o 
C until analysis. 
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Physicochemical and technological tests  
The analysis of the basic chemical composition of tissue samples included 

the determination of water, protein, collagen and fat, the processing of muscle 
being done with Food–Check spectrophotometer, which utilise the infrared 
absorbance characteristics of sample spectra (2), while ash and dry matter were 
determinate according to AOAC 1990. 

The pH was measured at 24 hours post mortem before packaging and 
after thawing, using the electrode of Hanna Instruments 98240 ohmmeter, 
practicing the successive immersion in a suspension consisting of distilled water 
and triturate of each studied piece (aqueous extract). 

Meat colour was evaluated after samples thawing, on the transversal 
section of LD and ST muscles with a portable Minolta CM-2600d colorimeter, which 
characterizes colour based on coordinates L

* 
(lightness), a

*
 (red colour intensity), b

*
 

(yellow colour intensity) of the CIELAB system – CIE ―Comission International de 
L‘Eclairage system‖. Reading observer used the standard angle of 10

o
, iluminant

 

D65 with specular reflectance included (21). 
At 24 hours post mortem, duplicate samples from the same tissue muscles 

(LD and ST), of approximately 150 grams, were cleaned and weighed with an 
analytical balance for drip loss analyse. After that, the samples were put into plastic 
bags and incubated at 4

o 
C for 24 - 48 hours. After this, they were removed and the 

surface moisture was delicately dried using adsorbing paper. Drip loss was 
determined as the difference between sample weights and percentages express. 

For cooking loss, weighed meat samples were cooked in plastic bags 
placed in a water bath at 75

o
C for 45 minutes and then cooled under running water 

for 30 min, dried and weighed again. Cooking loss was determined as the 
difference between sample weight before and after heat treatment (6). 

Before Warner Bratzler shear forces (WBSF) measurement, the meat 
samples were subjected to heat treatment on water bath for 45 minutes at 75

o
 C, 

then wrapped in aluminium foil, stored for 24 hours at 4
o
 C and sectioned into 

cylindrical shapes (3 cylinders with a diameter of 1.5 cm and 2 cm length) in the 
sense of muscle fibres. To determine the forces was used a specific blade (angle of 
60

o
, speed of 100 mm/min, cutting force of 1000 N) attached to TA Plus Lioyd 

Instruments machine. Cylindrical muscle samples were sectioned perpendicular to 
the purposes of muscle fibres, the maximum force required for cutting the piece 
being the indicator of meat tenderness (3, 6).  
 

Sensory analysis  
Before analysis, tissue samples (m. longissimus dorsi) were frozen in 

vacuum atmosphere at -20° C, then slowly thawed and maintained at 4° C for 24 
hours. To highlight the sensory properties, they were subjected to conventional 
baking at 150° C achieving an sample temperature of 67 – 72° C, all parameters 
used for sensory meat evaluation being definite according to literature protocol (16).  
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After cooking the samples were immediately cut into 2 x 2 cm thick slices, 
coded and presented to panellists without delay. The sensory properties (aroma, 
flavour, texture and juiciness) of cooked samples were evaluated on a 5 point scale 
regarding their intensity of expression. 

Processing and data interpretation of evaluated sensory parameters 
included three key decision factors related to the tasters: 
 panellists gender (♂, n = 15), (♀, n = 15); 
 age group (25 – 34 years, n = 26), (35 – 50 years, n = 4); 
 tasters game meat eating experience in general and wild boar meat 
consumption in particular (―previous experience‖, n = 7; ―no experience, n = 23 ). 
 

Statistical analysis 
Statistical data processing was done in Microsoft Excel, using ANOVA variance 

analysis test, comparison model including the effect of gender on studied parameters. 
 

Results and discussions 
 

The literature describes more detailed the quality of wild boar carcasses (18, 
22). As showed in Table 1, the average weight of dressed carcass was 65.61 kg (♀) 
respectively 86.62 kg (♂), with a variation equal to 8.45% respectively 7.92%.  

 
Table 1  

Weight of the eviscerated and skinned animals used like biological material 
( X ±

xs ) 

Specification Wild boars (Sus scrofa ferus) 

Males Females 

n 10 9 

Live weight (kg) 102.8±2.53 79.39±2.50 

Eviscerate dressed carcass weight (kg) 86.62 ± 2.28 65.61 ± 1.84 

V [%] 7.92 8.45 

 

Table 2 
Chemical composition of wild boar meat ( X ±

xs ) 

Specification Muscles  

 Longissimus dorsi Semitendinosus 

 Male 
n = 10 

Female 
n = 9 

Male 
n = 10 

Female 
n = 9 

Dry matter (%) 25.82±0.5111 25.86±0.573 26.103±0.685 26.611±1.119 
Moisture (%) 74.17±0.511 74.13±0.573 73.89±0.685 73.38±1.119 
Crude fat 2.48±0.212 2.57±0.296 2.98±0.275 3.13±0.095 

Crude protein (%) 22.10±0.322 21.98±0.190 21.74±0.201 21.89±0.155 
Water/protein ratio 3.36±0.063 3.37±0.049 3.40±0.054 3.35±0.064 
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Muscle tissues used for physical, technological and sensorial evaluation 
were analysed to determine the basic chemical composition (Table 2). The results 
revealed the equal degree of participation for basic chemical components, being 
worth it to mention the highest percentage of protein from longissimus muscle 
(22.10%) taken from male carcasses. Examined meat also contained large 
quantities of water, 74.17% vs. 74.13% and 73.89% vs. 73.38%, respectively. 
Moreover, moderate fat content characterise both groups of muscle: 2.48% vs. 
2.57% in the longissimus dorsi muscle, while the maximum value of 3.13% was in 
the ham muscle 

The present results regarding the basic components content in wild boars 
meat are similar to other information concerning this subject from literature (12, 14, 
15, 17, 23, 24), describing the meat of animals as rich in proteins and relatively 
poor in fats, this being the main reason of the next detailed analysis. 

For the average meat consumer, colour is a synonymous with fresh red 
meat quality (19). This parameter is a fragile characteristic, particularly in fresh 
meat and needs to be presented to consumers correctly and in an appropriate 
manner, packaging being the main clue with direct influences on it.  

The psychometric clarity (L *) recorded the minimum and maximum 
average values in longissimus dorsi muscle (35.42 - ♂ vs. 31.58 - ♀). 
Complementary red-green coordinate (a*) varies insignificantly (P≥0.05) between 
gender, while the differences of b* parameter have values significantly higher 
(P=0.04322) at females compared to males for semitendinosus muscle (Table 3). 
Through this research it has been objectively and particularly described the colour 
of wild boar vacuum packed muscle tissues: lower lightness, higher redness and 
yellowness parameters. There was a significant difference caused by gender of 
yellowness parameter in semitendinosus muscle. 

Table 3 
Colour values of wild boar meat ( X ±

xs ) 

Specification Muscles  

 Longissimus dorsi Semitendinosus 

 Male 
n = 10 

Female 
n = 9 

Male 
n = 10 

Female 
n = 9 

L* 35.42±2.37 31.58±1.67 34.29±1.19 33.68±0.77 

a* 9.89±1.08 9.28±0.48 9.08±0.46 8.80±0.70 

b* 13.64±0.81 14.42±0.71 12.57±0.55
a 

13.92±0.37
b 

C 16.91±1.20 17.27±0.537 15.57±0.35 16.56±0.56 

h
o
 54.6±2.15 56.85±2.37 54.04±2.32 58.10±1.96 

ANOVA test: for each studied muscle and parameter, compared by gender: 
ab

 significant differences (P ≤ 0.05); 
 

The ability of fresh meat to retain moisture is one of the most important 
quality characteristics of raw products, WHC mechanism being centred on the pH 
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decline rate, proteins and structures that bind and entrap water. Accelerated pH 
decline and low ultimate pH are correlated to the development of low WHC and 
high purge loss. Also the ionic strength and oxidation have a direct effect on 
proteins and muscle cells to entrap water (7). 

For the technological studied parameters, the differences between genders 
were non-significant (P > 0.05), the maximum values being recorded in longissimus 
dorsi muscle from males carcasses (Table 4). These technological parameters are 
in agreement with those obtained by Razmaité et all., (2009) at male hybrids from 
Lithuanian Wattle pigs and wild boar intercross. Marchiori and de Felicio (2003) 
have reported that wild boar meat has advantages over pork because of its more 
intense red coloration, lower exudates losses and slower acidity decline. In our 
study there were no statistically significant effects of gender on technological meat 
quality (Table 4). 

Regarding the meat acidity, it was observed the slow increase of pH during 
ripening, the results being confirmed by the literature (4, 8, 11, 12, 15, 17). At 
thawing, the obtained final pH values for longissimus dorsi muscle were significant 
(P = 0.017809) influenced by gender effect, the average acidity difference of 0.13 
being in favour of females. 

Table 4 
Wild boar meat acidity and technological properties ( X ±

xs ) 

Specification Muscles  

 Longissimus dorsi Semitendinosus 

 Male 
n = 10 

Female 
n = 9 

Male 
n = 10 

Female 
n = 9 

pH24 5.46±0.027 5.47±0.025 5.52±0.026 5.56±0.035 

pHafter thawing 5.60±0.033
a
 5.73±0.099

b
 5.57±0.041 5.70±0.058 

Drip losses (%) 4.99±0.36 4.32±0.318 4.65±0.34  4.56±0.36 

Cooking losses (%) 40.25±1.89 38.40±0.52 37.40±0.57 37.17±0.662 

ANOVA test: for each studied muscle and parameter, compared by gender: 
ab

 significant differences (P ≤ 0.05); 
 

 Collagen is the most abundant mammalian protein, founded in all tissues 
and is a contributing factor of variation in meat tenderness and texture. Collagen 
molecules are bound together through intermolecular crosslinks that provide 
structure and strength (20). The extremes values for average of total collagen 
content for analyzed tissues samples were recorded at longissimus dorsi muscle 
(4.43 and 4.37 mg/g), while for semitendinosus muscle the values were 
approximately similar, but not statistically significant influenced by gender (Table 
5). Oshima et al., (2009) find higher values for total amount of intramuscular 
collagen for longissimus thoracis, pectoralis profundus and biceps than those 
obtained in the present study. 
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Table 5 
Mean values of total collagen, textural and rheological properties of wild boar 

meat ( X ±
xs ) 

Specification Muscles  

 Longissimus dorsi Semitendinosus 

 Male 
n = 10 

Female 
n = 9 

Male 
n = 10 

Female 
n = 9 

Total collagen (mg/g) 4.43±0.062 4.37±0.035 4.30±0.051 4.40±0.025 

WBSF (N) 44.06±4.156 43.25±3.390 49.51±2.60 48.29±3.311 

Hardness (N) 46.98±2.274 40.36±3.810 52.82±6.722 44.09±2.084 

Cohesiveness (-) 0.33±0.028 0.32±0.023 0.34±0.016 0.36±0.019 

Springiness (cm) 0.76±0.038 0.80±0.035 0.66±0.071 0.75±0.042 

Chewiness (N) 22.85±2.930 17.42±1.67 29.31±2.70
 a
 22.42±1.822

 b
 

ANOVA test: for each studied muscle and parameter, compared by gender: 
ab

 significant differences (P ≤ 0.05); 
 

In the last years there have been done researches on wild boar meat 
texture quality for improving the meat tenderness through different methods as 
marinating with specific recipes or through muscle tissues massage, direct 
consequence being a decrease of hardness, viscous and elastic modulus (9, 25, 
27, 28).  

Christensen M., et. all., (2000) showed that meat toughness increase in 
two separate cooking temperature phases, from 40 to 50

o
 C and from 60 to 80

o
 C, 

while WBSF decreases on 50 to 60
o
 C interval. Table 5 shows the changes in the 

WB shear force values between two muscle groups cooked at 75
o
 C and texture 

parameters.  
For chewiness were recorded significant differences between genders in 

semitendinosus muscle, where males had higher values (29.31 N) than females 
(22.42 N). The results are similar to those obtained by Żochowska-Kujawska et. al., 
(2009).  

Cooking parameters provide conditions for chemical reactions, lipid 
oxidation and Maillard reaction, as generally accepted, being the main formation 
pathways of aroma volatiles, while their intensity depends on cooking parameters 
(temperature, moisture and pH). Wild boar meat has a very distinctive game-like 
and tasty flavour (10). 
 Sensory panel scores for the eight sensory parameters evaluated are 
described in table 6. Tissue samples from wild boars carcasses have recorded 
differences significant higher at females (P = 0.018659) for taste intensity, while 
taste desirability has recorded distinct significant differences between gender (P = 
0.001217).  
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 Variation analysis of sensory evaluation showed that this type of meat 
(game meat) had a higher impact on younger consumer‘s evaluations that don‘t 
have a history in frequent game meat consumption.  
 

Table 6 and Fig. 2  
Sensory evaluation of cooked longissimus dorsi from wild boar carcasses 

( X ±
xs ) 

 
ANOVA test: for studied muscle and parameter, compared by gender:   
ab

 significant differences (P ≤ 0.05); 
ac

 distinct significant differences (P ≤ 0.01); 

 
Conclusions 

 
 Even if wild boar hunting conditions don‘t insure the parameters offered by 

slaughterhouses, this raw material, characterised by quality meat parameters 
described above it is eligible and high usability for industrial and home processing.  

Also, the sensory evaluation showed that among young occasionally game 
consumers taste desirability parameter had the higher positive impact degree; in 
this study case it can be concluded that is necessary a better field handling of wild 
boars meat for shelf life extension. 
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Summary 
 

A number of 256 samples of hen eggs obtained in different breeding and 
exploitation systems in southern Romania were analyzed in order to establish the 
microbiological quality of this type of product. The samples were first purchased from local 
markets, and the code according to the specific legislation was attributed in order to 
establish the type of breeding system in which every sample was obtained. The samples 
were analyzed by inoculation on plate count agar, in order to establish the total number of 
shell microorganisms, the total number of microorganisms found in the albumen and the total 
number of microorganisms found in the yolk. Also, concerning the importance in food safety, 
the samples were subjected to Salmonella detection, using three selective media: Mac 
Conkey agar, SS agar and XLD agar. On these three types of media, the yolk and the 
albumen were analyzed separately, to obtain their typical microbial load. The results showed 
in overall that 65 % from the total number of analyzed samples were contaminated with 
Salmonella (yolk or albumen), the microbial load being higher in organic eggs (21 % from the 
total number of samples) and the lowest in eggs obtained from hens raised in conventional 
cages. Also, the microbial load on the shell was higher in organic eggs (a medium value of 
111 germs/cm

2
) and lower in eggs obtained from hens raised in conventional cages (a 

medium value of 51 germs/cm
2
). The total number of microorganisms in yolk and albumen 

presented values strictly correlated to Salmonella contamination of these parts of the eggs. 
The research has been financially supported through Sectorial Operational Programme for 
Human Resources Development (POSDRU in Romanian), in a doctoral scholarship project 
with the following code: POS-DRU/88/1.5/S/52614, implemented in UASVM of Bucharest 
from October 2009 until Octomber 2012. 

Keywords: hen eggs; Salmonella, shell microorganisms, egg safety 
 

During and after the egg formation, the microorganisms attack is constant 
and performed by a wide variety of species (2,5). After oviposition, especially, the 
microbiological quality of shell eggs passes through a series of transformations.  

The internal contamination of the egg during its formation in the oviduct is 
extremely rare, being possible only in the presence of Salmonella spp.(Salmonella 
tiphymurium) or Staphylococcus spp. (Staphylococcus aureus) (1). On the shell 
surface, a series of bacteria develop, their number oscillating between 10

2
 and 10

4
. 

Through the presence of these bacteria, the shell eggs can be contaminated 
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secondarily, through the pores and the small cracks (6,9). The most frequent 
species involved in this type of contamination would be: Salmonella spp., 
Clostridium spp., Proteus spp., Pseudomonas spp., all these being very rare, due 
to the antibacterial properties of lysozyme. The bacteriological quality of the egg is 
conditioned by two factors: the cleanliness of the egg in the moment of oviposition 
and the bacterial multiplication and the internal contamination determined by this 
process (8,9,11).  

The degree of cleanliness of a shell egg depends a lot on the breeding 
system, the eggs produced by layers kept in batteries are known to have a higher 
bacteriological quality, in comparison to the ones kept on permanent bedding (10). 
This is possible because the egg is separated from the laying hen and its 
dejections, being gathered immediately after oviposition.  

Concerning the contamination after the oviposition and gathering, the shell 
egg protection is due to the organic cuticle, situated at the exterior of the mineral 
shell, which presents the role of filling the pores (3,7). This is the reason for which 
the EU Legislation strictly forbids the shell egg washing, while in the US, after 
cleaning and disinfection, the shell is covered with an oil layer, for protection.  

After oviposition, the temperature, humidity and the hygiene of the bedding 
represent very important factors for controlling the bacteriological quality of the egg. 
In order to keep and improve the quality of the egg concerning microbial loading, 
this product must be gathered as soon as possible, introduced at low and constant 
temperature, and stored in adequate places(4).  

This study had the main objective of evaluating the bacteriological quality 
of table eggs sold in Bucharest markets and the potential food safety issues for the 
consumers.  
 

Materials and methods 
 

The study was performed during a period of 4 months, between October 
2010 and January 2011, and the total number of analyzed samples was 256 (64 for 
each month, 16 for each week). Each week of study included the analysis of 4 
samples. Each type of table eggs was analyzed according to its specific code 
(showing the eggs‘ origin – breeding system in which they were obtained): 

a) code 0 – organic eggs, obtained in the specific breeding system; 
b) code 1 – eggs obtained in the extensive breeding systems, with access to 

exterior spaces; 
c) code 2 – eggs obtained in the intensive breeding systems, hens being kept 

on permanent bedding; 
d) code 3 – eggs obtained in the intensive breeding systems, hens being kept in 

batteries (conventional cages).  
The eggs were purchased from local markets and kept at 3-4

o
C until 

analysis, in their original package.  
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Each sample was analyzed by inoculation on plate count agar – nutritive 
agar (2.8 %) (AES Chemunex) for the total number of microorganisms in shell, 
albumen, and yolk respectively. Concerning Salmonella contamination, the 
samples were analyzed using three types of selective media: MacConkey agar, SS 
agar and XLD agar (AES Chemunex). On these three types of media, the yolk and 
the albumen were analyzed separately, to obtain the separate results.  

For this, we used a series of sterile swabs, in order to evaluate the shell 
specific microbial status, without touching the exterior part of the egg. Afterwards, 
the eggs were treated with sanitary alcohol, and immediately cracked, followed by 
the separation of the yolk from the albumen, in strict aseptic conditions. The 
albumen and the yolk were poured in small quantities on the specific nutritive agar, 
and the three selective media. All the inoculated media were introduced at 37

o
C, 

for 24 hours.  
The results were collected and processed statistically using BioStat 2009 

Professional 5.8.4.3 software (AnalystSoft Inc.).  
 

Results and discussions 
 

Concerning the mean of the total number of microorganisms found on the 
egg shell, this was higher for type 0 (organic eggs) – 111.4 microorganisms/g, lower 
for type 1 and 2 – 106 and 66.6 microorganisms/g, and only 50.9 microorganisms/g 
for type 3 (eggs obtained from hens kept in cages) (table 1, fig. 1). 

The highest value for PC (plate count) was registered in January for type 0, 
in November for type 2 and in October for type 3.  
 

Table 1 
The total number of microorganisms on the egg shell, the mean value for 

each month and each type of shell eggs and the mean value per entire period 
(mean + standard deviation) 

Month 
Code 

0 1 2 3 

October 101 + 15.42 107 + 11.88 66 + 12.11 56 + 13.28 

November 115 + 15.23 107 + 11.83 69 + 12.05 53 + 13.34 

December 111 + 15.42 107 + 11.78 66 + 12.16 47 + 13.21 

January 118 + 15.34 105 + 11.86 67 + 12.12 49 + 13.28 

Mean value 111.4 + 15.43 106 + 11.87 66.6 + 12.13 50.9 + 13.3 
  

The total number of microorganisms found in the albumen was higher in 
type 0, presented intermediate values for type 1 and 2 and low ones for type 3 
(table 2). The PC showed values of 23.82 microorganisms/g for type 0, 15.14 
microorganisms/g for type 1, 12.77microorganisms/g for type 2, and only 7.12 
microorganisms/g for type 3. 

The highest value for type 0 was recorded in January, for type 1 in October 
and December, for type 2 in November and for type 3 in October.  
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Fig. 1. The total number of microorganisms on the egg shell 

 
Table 2 

The total number of microorganisms in the albumen, the mean value for each 
month and each type of shell eggs and the mean value per entire period 

(mean + standard deviation) 

Month 
Code 

0 1 2 3 

October 24.44 + 12.16 17.19 +11.74 12.5 + 6.36 10 + 2.44 

November 19.5 + 7.18 13.62 + 8.48 16.69 + 7.95 4.31 + 5.00 

December 25 + 1.06 17.19 + 7.31 11.94 + 1.57 6.81 + 3.75 

January 26.38 + 10.82 12.56 + 10.12 9.94 + 7.53 7.37 + 9.93 

Mean value 23.83 + 2.99 15.14 + 2.4 12.77 + 2.84 7.12 + 2.33 
 

Regarding the yolk, PC showed again the highest value in type 0 eggs, 
intermediate values for 1 and 2 and low ones for type 3. In October and November, 
egg yolks obtained from type 3 eggs were sterile, and the highest value presented 
in this type was 3.19 microorganisms/g. Concerning type 2, the highest value was 
16.25 microorganisms/g, recorded in December, while the mean value for the 
entire period showed values of 13.58 microorganisms/g. Type 1 presented mean 
values of 31.47 microorganisms/g, with the highest value reaching 33.94 
microorganisms/g. Type 0, with the highest mean value per entire period and each 
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month, had the highest value recorded in November, 57,69 microorganisms/g, with 
a mean value per entire period of 51,76 microorganisms/g (table 3). 
 

Table 3 
The total number of microorganisms in the yolk, the mean value for each 
month and each type of shell eggs and the mean value per entire period 

(mean + standard deviation) 

Month 
Code 

0 1 2 3 

October 44.75 + 12.38 24.94 + 10.93 10.06 + 5.83 0.00 + 0.00 

November 57.69 + 10.00 33.62 + 10.17 13.5 + 5.31 0.00 + 0.00 

December 56.25 + 17.03 33.37 + 16.32 16.25 + 9.15 2.25 + 3.30 

January 48.38 + 17.13 33.94 + 6.64 14.5 + 4.39 3.19 + 2.37 

Mean value 51.76 + 6.21 31.47 + 4.36 13.58 + 2.6 1.36 + 1.61 
 

In regard to the contamination with Salmonella, 65 % of the studied eggs 
contained Salmonella spp., i.e. a number of 167 table eggs from the total number 
of 256. In October, 41 samples contained Salmonella, 64 % of the total number per 
month (64 samples), and 16 % of the total number per entire period. In November, 
39 of the 64 samples showed the presence of Salmonella, which represented 61 % 
from the monthly number of analyzed samples, and 15 % from the total number per 
period. In December, 42 samples of the 64 samples analyzed showed also the 
presence of Salmonella, on the three selective media used for this specific 
detection. This means that 66 % of the samples from the monthly number of 
analyzed ones and 16 % from the total number of samples analyzed for the entire 
period were contaminated with Salmonella.  

With respect to the month of January 2011, from the 64 samples analyzed 
for Salmonella presence, a number of 45 were positive, which means that 70 % of 
the monthly number of analyzed samples were positive for Salmonella, and 18 % of 
the total number of samples analyzed per entire period (table 4).  
 

Table 4 
The number of samples that showed positive results concerning Salmonella 

detection in table eggs during the study period 

 October November December January Total 

No. of analyzed samples/month 64 64 64 64 256 

No. of samples positive for 
Salmonella 

41 39 42 45 167 

% from the total number of 
analyzed samples/period 

16% 15% 16% 18% 65% 

% from the number of analyzed 
samples/month 

64% 61% 66% 70% - 
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During all the studying months, the highest number of positive-Salmonella 
samples were the ones pertaining to type 0 (table 5, fig. 2). Type 1 had the highest 
value of 11, constantly during the months of November, December and January, 
while for type 2, the highest was recorded for January. Considering type 3, the 
highest value was 8, recorded for December and January. The highest percentage 
of samples with positive results at Salmonella detection was recorded for type 0, 
20-23% of the number of samples analyzed each month, while the lowest one was 
identified for type 3, 6-13%. Over 30 % of the total number of samples belonged to 
type 0, while type 3 presented values of fewer than 20%.  
 

Table 5 
The number of samples and the percentage of samples from the total number 
of analyzed samples for each month, that showed positive results concerning 

Salmonella detection in table eggs during the study period, for each month 
and each type 

Month Legend 
Code 

0 1 2 3 

October 

Total number of samples with Salmonella 15 9 10 7 

% from total number of samples analyzed per 
month 

23% 14% 16% 11% 

% from total number of samples with 
Salmonella per month 

37% 22% 24% 17% 

November 

Total number of samples with Salmonella 13 11 11 4 

% from total number of samples analyzed per 
month 

20% 17% 17% 6% 

% from total number of samples with 
Salmonella per month 

33% 28% 28% 10% 

December 

Total number of samples with Salmonella 13 11 10 8 

% from total number of samples analyzed per 
month 

20% 17% 16% 13% 

% from total number of samples with 
Salmonella per month 

31% 26% 24% 19% 

January 

Total number of samples with Salmonella 14 11 12 8 

% from total number of samples analyzed per 
month 

22% 17% 19% 13% 

% from total number of samples with 
Salmonella per month 

31% 24% 27% 18% 

 

Concerning the total number of microorganisms on the shell, for the data 
specific to type 0, the coefficient of variation reached the value of 0.138, while for 
type 1 was 0.112, for type 2 was 0.181 and for type 3 was 0.262. These values 
show a low variance for the data obtained in this point.  

The number of yolk microorganisms presented a coefficient of variation of 
0.272 for type 0, 0.350 for type 1, 0.456 for type 2 and of 1.709 for type 3. The first 
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three cases show again a low variance, but the value specific to type 3 is above 1, 
meaning that the variance in this case is high.  
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Fig. 2. The number of samples that showed positive results concerning 

Salmonella detection in table eggs during the study period, for each month and 
each type 

 
The albumen‘s number of microorganisms showed again, as data series, a 

low variance, with values under 1: type 0 – 0.352; type 1 – 0.582; type 2 – 0.489 
and type 3 – 0.807. 

In reference to the data obtained for Salmonella detection, the coefficient of 
variation was of 0.069 for type 0, 0.095 for type 1, 0.089 for type 2 and 0.280 for 
type 3. The analysis of variance (One-Way ANOVA) presented a p-level of 0.0001, 
thus showing a very high significance.  
 

Conclusions 
 

Taking into account the results obtained during this study, a series of 
conclusions arise from the overall image. The total number of microorganisms for 
the shell is highest in type 0 eggs and close to this value is the one specific to type 
1. This fact is concludent concerning the characteristics of the breeding system. 
Since organic breeding system refers to the satisfaction of the laying hens‘ 
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ethologic needs and assuring the possibility of natural feeding of these birds, it is 
easy to understand that after oviposition, the egg makes contact with the 
environment factors, being contaminated with a wide range of microorganisms. 
This fact is not similar in intensive breeding systems, especially when talking about 
laying hens kept in conventional cages.  

Considering the total number of microorganisms in albumen, the numbers 
correlate with the number of microorganisms revealed by the shell, which leads us 
to the conclusion that most of them migrated through the shell pores, penetrated 
the internal membranes and reached the content, contaminating it.  

The yolk also revealed different numbers for microorganisms‘ presence, 
the microbial load being quite high in type 0, intermediate in type 1 and 2 and low 
or absent in type 3. The fact of the yolk contamination with microorganisms is 
explained for type 0 and 1 by the environmental conditions in which the layers are 
exploited, having a wide variety of food options, including here insects, worms and 
green mass, without mentioning other sources of feed that the breeders offer them. 
Their environmental conditions of breeding and exploitation include a wide range of 
microorganisms species, each one of these being able to reach the hen‘s organism 
and multiply until the level of product contamination. Therefore, type 2 and 3 eggs, 
situated at the other side, are not contaminated or only slightly contaminated 
(respecting the limits imposed by the EU and national legislation).  

Considering food safety issues, even though Salmonella spp. rarely occur 
in hen eggs, this study reveals that the situation is opposite. The high number of 
samples in which Salmonella was detected show that these products are not 
completely safe. The percentage of type 0 eggs contaminated with Salmonella was 
highest among the classes mentioned, while type 1 and 2 were not very far 
concerning these values. The only class that presented low values was type 3, 
possibly due to the hygienic conditions strictly controlled in the breeding system 
that include conventional cages exploitation.  
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Summary 

 
Evaluation of aflatoxin B1 contamination of feed ingredients and mixed feed was 

done on 192 samples collected monthly during 2008-2009 by HPLC. The samples were 
represented by some feed ingredients used in poultry and pigs feed (wheat, corn, barley, 
soybean meal, sunflower meal, fish meal, bone meal), and mixed fodder for poultry and pig 
that were taken from feed-manufacturing plants. 

In feed samples collected during the 24 month, aflatoxin B1 contents was found to 
vary from 0 to 124 ppb. A positive correlation between moisture and aflatoxin contents was 
found. In the studied years aflatoxin B1 levels (per month and season) were almost the 
same, probably because the weather conditions were not significantly different. 

Among all types of feed ingredients and mixed feed analyzed the highest 
concentration of aflatoxin B1 was registered in maize. 

Key words: aflatoxin B1, feed ingredients, poultry and pig mixed feed 

   
Aflatoxins are the most important mycotoxins involved in human and 

animal health. They can occur in many materials which can serve as ingredients 
that are used in feed rations for several species of animals, especially poultry and 
pigs, as mixed feed.  

Aflatoxins are secondary metabolic compounds, developed through a 
series of enzyme catalyzed reactions by toxigenic fungi Aspergillus flavus and 
Aspergillus parasiticus, under specified conditions of temperature and humidity. 

The development of aflatoxins, in general, is driven by genetic factors but 
also by the nutritional, particularly the existence of carbon and nitrogen sources and 
often the active ingredients contained in some of the substrate on which they grow.  

Carcinogenic action of aflatoxin B1 (AFB1) is due to its transformation into 
a wide variety of metabolites; aflatoxin M1 is the most important (from feed 
contaminated with AFB1). AFB1 is reduced by NADPH-dependent enzymes, 
producing aflatoxicol, which is stored in the form of AFB1, both having 
approximately the same mutagenic potential. 

Carcinogenic and mutagenic action of AFB1 is the result of affinity AFB1-
8,9-epoxide and its high reactivity towards DNA.  

Sensitivity to aflatoxins varies from species to species, and within species 
toxicity depends on age, race, dose, duration of consumption, ration composition 
etc. Thus in the more responsive species, AFB1 high doses can be fatal and 
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consumed in sublethal doses can cause liver cancer and/or clinical expression 
consecutive immunosuppression and nutritional imbalance, often increasing the 
susceptibility of chickens to Marek's disease and/or coccidiosis. 

Suppression of hepatic protein synthesis, due to the hepatotoxic action of 
AFB1 inhibits the animal's grow, also by interfering with vitamin D metabolism, 
determins skeletal resistance decrease, and directly or indirectly affects the 
metabolism of iron, copper, phosphorus etc. 

In order to evaluate AFB1 contamination in some feed, some feed 
ingredients and mixed feed for poultry and pigs were analyzed. 

 
Materials and methods 

 
Data on the number of samples collected, respecting the Romanian 

legislation, adapted to European requirements on how the specific collection of 
samples for analysis of mycotoxins, are presented in Table 1. 

 
Table 1 

Type and number of samples collected for evaluation of AFB1 feed 
contamination in 2008 and 2009 

  wheat corn barley soybean sunflower 
fish 
meal 

bone 
meal 

poultry 
mixed 
feed 

pig 
mixed 
feed 

2008 12 12 12 6 6 12 12 12 12 

2009 12 12 12 6 6 12 12 12 12 

 
In this study on the determination of AFB1 in samples of energetic and 

proteic raw materials and mixed feed for poultry and pigs, were analyzed a total of 
192 samples. Samples were collected from deposits of two small to medium 
capacity farms, which have facilities for milling and preparing feed recipes for 
poultry and pigs. 

They were represented by wheat grain, maize, barley, beans, fish and 
bone meal, soybean and sunflower oil cake and mixed feed for poultry colected 
from a poultry farm and mixed feed for pigs colected from a pig farm. Samples 
were collected monthly from January 2008 to December 2009, except oil cake 
samples that were collected only in the second half of each year (six months).  

The AFB1 contents of feed samples, was determined using high 
performance liquid chromatography (HPLC). 

 
Results and discussions 

 
AFB1 levels in the samples investigated are presented in Table 2 and 3, for 

the year 2008, and 2009 respectively.  
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Fig. 1, 3 and 5 show the dynamics of the AFB1 monthly values, in the 
studied years in cereals samples (wheat, corn, barley), colected from a farm for 
broilers storehouse, and in the same time there are presented in Fig. 2, 4 and 6 the 
proportion of samples that exceeded or were below the MLA, which is 20 ppb for all 
the feed and feed raw materials for poultry and pigs. 

Thus it appears that, for cereals, the proportion of samples exceeding MLA 
is between 46% to 58% in wheat and corn respectively. AFB1 values in this 
category of materials ranged from 0 to a maximum of 49.15 ppb in March 2008, 
and 49.73 ppb in February 2009 for wheat, 76, 66 ppb and 124 ppb in March in 
both years for corn, and 53.73 ppb, 46.79 ppb respectively in April in both years fir 
barley. In this study, maximum levels of AFB1 in cereals were registered during the 
spring season, and in summer season they were below the MLA. Increased AFB1 
values were recorded in spring and autumn seasons when in deposits were optimal 
conditions of temperature and humidity for molds to produce the aflatoxins.  
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Fig. 1. Comparative dynamic of AFB1 

levels in wheat samples in 2008 and 2009 
Fig. 2. Percent of  wheat samples in 
2008 and 2009 over and below MLA 
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Fig. 3. Comparative dynamic of AFB1 
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Fig. 5. Comparative dynamic of AFB1 

levels in barley samples in 2008 and 2009 

Fig. 6. Percent of  barley samples in 
2008 and 2009 over and below MLA 

   

Proteic raw material samples could be collected only in the second half of 
each year (six months). It was noted that the proportion of samples that registered 
AFB1 values above MLA was significantly higher comparing to the proportion of 
samples with AFB1 values below MLA, and all the samples were positive for AFB1 
(Fig. 8 and 10).  

The maximum amounts of AFB1 in soybean meal samples were recorded 
in December in both years (56.12 ppb and 49.12 ppb), while in the sunflower meal 
were registered in October (47.34 ppb and 51.66 ppb ).  

So, in this case, the dynamics of AFB1 values was positively correlated 
with season, and it can be noticed generally an AFB1 values increase at the end of 
both studied years. 
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Fig. 11. Comparative dynamic of AFB1 
levels in fish meal samples in 2008 and 

2009 

Fig. 12. Percent of  fish meal samples in 
2008 and 2009 over and below MLA 

 
Analysis of animal origin meal samples, resulted in increased AFB1 values  

positively correlated with spring and autumn seasons that provide favorable 
conditions for development of molds and mycotoxin production, the proportion of 
samples that exceeded MLA for AFB1 was 75% for fish meal and 83% respectively 
for bone meal. 

In both fish meal and bone meal all samples were positive for AFB1, and 
registered a minimum value of 13.5 ppb in July 2008 and 8.42 ppb in August 2009 
for fish meal, and in bone meal ti was recorded a level of 9.73 ppb in July 2008 and 
15.66 ppb in March 2009. 

Maximum AFB1 values were 57.41 ppb (May 2008) and 49.78 (May 2009) 
in fish meal, and in bone meal of 42.7 ppb (September 2008) and 47.8 ppb in May 
2009. 
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Fig. 13. Comparative dynamic of AFB1 

levels in bone meal samples in 2008 and 
2009 

Fig. 14. Percent of  bone meal samples 
in 2008 and 2009 over and below MLA 
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Fig. 15. Comparative dynamic of AFB1 
levels in poultry mixed feed samples in 

2008 and 2009 

Fig. 16. Percent of poultry mixed feed 
samples in 2008 and 2009 over and 
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Fig. 17. Comparative dynamic of AFB1 

levels in pig mixed feed samples in 2008 
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Evaluation of AFB1 presence in mixed feed for poultry and pigs show that, 
on average, its values were around the MLA in 2008, and in 2009 the annual 
average values of AFB1 concentration were exceeding MLA for both types of feed. 

Thus, in 2008 the maximum value of AFB1 in mixed feed for poultry was 
registered in March (33.79 ppb) and in 2009 in May (48.54 ppb) and in mixed feed 
for pigs the maximum levels were recorded in December 2008 (35.01 ppb) and in 
July 2009 (37.92 ppb). 

With few exceptions, the minimum values AFB1 concentrations in samples 
of mixed feed for poultry and pigs have been recorded durring summer season, 
and due to favorable moisture and temperature conditions favorable for molds 
development and production of mycotoxins on feed or food substrates, the 
maximum values were recorded in spring and autumn seasons. 
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Fig. 19. The mean values of AF B1 in feed samples analyzed in 2008 and 2009  
 

In general, the annual AFB1 average concentrations exceeded the MLA in 
most types of raw feed materials and mixed feed analyzed, registered levels 
around the MLA only in wheat and barley in both years, and mixed feed for poultry 
and pigs in 2008. 

Among all types of raw feed materials and mixed feed analyzed, the 
maximum level of AFB1 was recorded in maize (March 2009), while most negative 
samples were recorded in 2008 for barley. 

In the studied years (reported per month and per season), AFB1 
concentrations were almost the same, probably because the weather conditions 
were not significantly different. 

. 
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Conclusions 
 
In feed samples collected during the 24 month, aflatoxin B1 contents was 

found to vary from 0 to 124 ppb.  
A positive correlation between moisture and temperature that represent 

optimal conditions for molds grow and mycotoxin production and aflatoxin contents 
was found. 

In the studied years aflatoxin B1 levels (per month and season) were 
almost the same, probably because the weather conditions were not significantly 
different. 

Among all types of feed ingredients and mixed feed analyzed the highest 
concentration of aflatoxin B1 was registered in maize.  
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Summary 
 

For the evaluation of rheological and mineral parameters and heavy metal 
contamination were analyzed samples from different types of honey: multi-flower honey, 
locust tree honey and lime tree honey. 

Honey viscosity differs greatly for all analyzed types. The rate of viscosity change 
with temperature may be used as a quality indicator and for inferences on honey behavior 
during processing and its use for food production. 

The main potentially toxic heavy metals such as cadmium and lead were not found 
in honey samples analyzed, possibly because proper placement of hives at least 2 km of 
high traffic roads. 

All types of honey samples analyzed contained residues of aluminum, and it 
represent a risk especially by its chronic effects after long repeated consumption, and its 
presence may be due utensils used for honey extraction and centrifugation.  

This paperwork includes the activity data related to research conducted in the 
laboratory for interdisciplinary study and modeling of heavy metal accumulation in the food 
chain – HEVMETFOOD of the Faculty of Veterinary Medicine Bucharest. 

Key words: honey, rheology, minerals, heavy metals contaminatin 

  
The main mineral content of honey derives from plants, and the principal 

mineral source of plants is the soil in which they grow, which it means that the 
honey inorganic substances are indirectly dependent on the soil. This is the reason 
that mineral content of honey greatly vary (3). 

But, honey usually contains a variety of mineral substances, including 
possible contaminants by common air pollution or other pathways (1). So, the 
possibility of use honey as an indicator in mineral prospecting and environmental 
contamination studies has been investigated in many research papers (2, 5, 6, 7, 
8). 

Honey mineral contents and also its heavy metals contamination are of 
interest not only for quality control, but also for environmental contamination 
investigations (4).  

In order to evaluate the quality of some honey types by rheological and 
mineral parameters and heavy metal contamination, sample from different types of 
honey: multi-flower honey, locust tree honey and lime tree honey were analyzed. 
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Materials and methods 
 
In order to determine mineral contnts and heavy metal residues in different 

types of honey, in this study there were used 24 samples of multi-flower honey, locust 

tree honey and lime tree honey (4 samples from each type). The mineral content, the 
degree of heavy metals contamination and some rheological parameters were 
investigated in samples of honey collected from two sampling sites in Romania - 
around urban area of Bucharest and from Valcea county (Table 1). 
 

Table 1  
Honey varieties colected from two different farms 

Sample Variety Collected from 

MFHB Multi-flower  Bucharest area  

LoTHB Locust tree Bucharest area 

LiTHB Lime tree Bucharest area 

MFHV Multi-flower  Valcea area 

LoTHV Locust tree Valcea area 

LiTHV Lime tree Valcea area 

 
 Thus, in this study it were determined the levels of heavy metal residues, 
and also of some mineral constituents levels in diferent types of honey samples 
(multi-flower honey from Valcea county denoted by MFHV, multi-flower honey from 

Bucharest denoted by MFHB, locust tree honey from Valcea county denoted by LoTHV, 

locust tree honey from Bucharest denoted by LoTHB, lime tree honey from Valcea county 

denoted by LiTHV and lime tree honey from Bucharest denoted by LiTHV), ICP-OES 
was used. 

There were used standards of 1000 mg/l of next standard elements: Al, B, 
Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, K, Li, Mg, Mn, Na, Ni, Pb, Se, Sr, Te, Tl, 
Zn. Standards were prepared at a concentration of 0.01 ppm, 0.1 ppm and 50 ppm 
for each item. Based on these standards calibration curve was drawn to the device. 
In preparing the standards it was used UPW that was prepared in the laboratory. 

The rheological measurements were conducted for viscosity after heating 
the honey to 90

0
C. The measurements were made during the cooling period for 30 

minutes. The viscosity was measured by using a vibro-viscometer VS -10.  
 

Results and discussions 
 
Results of mineral levels detected in different types of honey samples (multi-

flower honey, locust tree honey and lime tree honey) are presented in table 2 and in 
graphs 1-5. 

The items sought were the following: aluminium, barium, beryllium, 
bismuth, boron, cadmium, calcium, chromium, cobalt, copper, gallium, iron, lead, 
lithium, magnesium, manganese, nickel, potassium, selenium, sodium, strontium, 
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tellurium, thallium, zinc. Each sample was analyzed in three repetitions, the final (x) 
the arithmetic mean of three results. Results communicated to the formula: X = x ± 
s, where: x - average, s - standard deviation, X - x sought. Of the 24 elements 
analyzed were found below the limit of the method (0.001 ppm) as follows: barium, 
beryllium, bismuth, boron, cadmium, chromium, cobalt, copper, gallium, lead, 
lithium, manganese, nickel, selenium, strontium, tellurium, thallium.  

Because the detection limit of ICP-OES method is 0.001 ppm, for the 
measurement of less than 0.001 ppm are necessary other sample preparation 
methods or other methods of spectral analysis (ICP-MS). 

In this study, about the analysis of mineral composition and heavy metal 
contamination of some types of honey, have not been determined the main 
potentially toxic heavy metals - cadmium and lead - or they had levels below the 
detection limit of the method. The absence of these contaminants suggests the lack 
of real sources of pollution - industry and with regard to heavy metal contamination 
due to pollution along the heavily traveled roads, it is possible that the location of 
the hives have been properly carried out to more than 2 km roadsides. 

  
Table 2 

The mean values of some mineral elements different types of honey samples 
(ppm) 

 Al Ca Fe K Mg Na Zn 

MFHV 0.005 0.031 0.004 0.036 0.004 0.027 0.002 

MFHB 0.012 0.071 0.009 0.044 0.006 0.005 0.003 

LoTHV 0.007 0.015 0.005 0.014 0.003 0.073 0.002 

LoTHB 0.003 0.015 0.002 0.028 0.002 0.006 0 

LiTHV 0.004 0.019 0.002 0.178 0.005 0.016 0.001 

LiTHB 0.003 0.022 0.003 0.091 0.007 0.004 0 

 
As shown in Fig. 1, the highest levels of iron and zinc were recorded in 

MFHB samples. The lowest levels of iron were recorded in the LoTHB and LiTHV 
samples LoTHB and LiTHV, while zinc was not registered in LiTHB and LoTHB 
samples. 

In all the samples were recorded quite high leveles of aluminum; the values 
is increased in MFHB samples and aluminium lowest mean level was registered in 
LoTHB and LiTHB samples. 

The comparative analysis of results related to honey macroelements 
determined in this study, showed that the highest levels of calcium were in MFHB 
samples, of sodium in LoTHV and of potassium in LiTHV samples. 

Between the determined macroelements the lowest levels have been 
reported in magnesium, especially in samples of locust tree honey colected 
regardless of geographic area. 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 

 

 244 
 

 

0

0,002

0,004

0,006

0,008

0,01

0,012

0,014

 Al  Fe  Zn  

MFHV

MFHB

LoTHV

LoTHB

LiTHV

LiTHB

 
Fig. 1. The mean values of aluminium, iron and zinc levels in honey samples (ppm) 
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Fig. 2. The mean values of calcium, magnesium, sodium and potassium in honey 

samples (ppm) 
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Fig. 3. The mean values of detected minerals in multi-flower honey samples (ppm) 
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Fig. 4. The mean values of detected minerals in locust tree honey samples (ppm) 
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The high average levels of potassium were recorded in samples of lime 
tree honey, regardless of the collection area, and calcium showed higher average 
values in the multi-flower honey samples. The most elevated sodium levels, 
including maximum of LoTHV samples, were recorded in all types of honey 
colected from Valcea County. 

Comparative analysis of mineral levels determined in samples of multi-
flower honey show that, excepting for sodium, the concentration of all minerals had 
higher values in multi-flower honey samples collected from urban area of 
Bucharest. 

Even if locust tree honey samples had the highest level of sodium (LoTHV 
samples), and in lime tree honey samples, regardless of the sampling area, were 
recorded significantly higher concentrations of potassium, they registered the 
lowest levels of determined elements, significantly lower in the lime tree honey. 

The presence of aluminum in the highest concentrations in LoTHV and 
MFHB samples, but in quantities that are still near the limit of detection of the 
method, suggested the absence of polluting industries with aluminum in the studied 
areas, and may be the use of aluminum utensils for extraction and/or 
centrifugation. Aluminum has a particular risk through its chronic effects, after 
repeated and long period consumption. 
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Fig. 5. The mean values of detected minerals in lime tree honey samples (ppm) 
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Fig. 6. Honey viscosity versus time during cooling for the Bucharest honey samples 
 

The rate of cooling is different fo each sample. Although the temperature at 
the beginning of the experiment is not significantly diffent for the samples there is a 
significant difference for the viscozities. The LiTHB honey has the highest viscozity 
at 80

o
C from all the samples collected in Bucharest.  

The LoTHV Honey from the Valcea area has the highest viscozity at 80
o
C 

from all samples. 
 

 

 

 

 

 

Sample 
Time 
( sec) 

Viscozity 
(mPa s) 

Temp. 
 (

0
C) 

MFHB 
0  134.98 80.87 

1800 9442.36 27.42 

LoTHB 
0 129.53 79.42 

1800 7416,51 31.55 

LiTHB 
0 183.34 79.21 

1800 8846.89 33.69 
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Fig. 7. Honey viscosity versus time during cooling for the Valcea honey samples. 
 

Conclusions 
 
Honey viscosity differs greatly for all analyzed types. The rate of viscosity 

change with temperature may be used as a quality indicator and for inferences on 
honey behavior during processing and its use for food production. 

The main potentially toxic heavy metals such as cadmium and lead were 
not found in honey samples analyzed, possibly because of the proper placement of 
hives at least at 2 km from high traffic roads. 

All types of honey samples analyzed contained residues of aluminum, and 
it represent a risk especially by its chronic effects after long repeated consumption, 
and its presence may be due utensils used for honey extraction and centrifugation.  

Sample 
Time 
(sec) 

Viscozity 
(mPa s) 

Temp. 
 (

0
C) 

MFHV 
0  195.06 79.08 

1800 6960.95 34.37 

LoTHV 
0 206.00 80.38 

1800 9056.03 31.29 

LiTHV 
0 175.54 80.72 

1800 11499.29 31.16 
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Summary 

 
Some microelements, such as copper, zinc and even nickel are important to the living 

organisms, but at high concentrations, they can become toxic. Other xenobiotics, as lead, 
cadmium and mercury are very toxic and they can appear in the organism following its 
exposure to polluted environment. 

The presence of these chemical elements in milk is considered a significant risk for 
both adults and children; furthermore, some xenobiotics can affect milk‘s processing.   

The purpose of this study was the quantitative determination of lead, cadmium, 
mercury, nickel, copper and zinc in milk samples collected from two milk-collecting centers 
and two farms around Bucharest.  

The determinations were made between 2006 and 2009 on 100 samples (25 samples 
in each year) using atomic absorption spectrophotometry. Lead was detected in a 
percentage of 72% in analyzed samples, but in quantities lower than maximum admitted 
limit, while cadmium and mercury were not detected (they were below the method‘s 
detection limit). As for nickel, copper and zinc, these microelements were detected in all 
analyzed samples, in normal quantities. 

Key words: milk, xenobiotics, residues 
 

Some microelements, such as copper, zinc and even nickel are considered 
important for living organisms. Forr instance, copper has an essential role in 
hematopoiesis and for the synthesis of some enzymes, zinc is a component of 
numerous metalloenzymes and it participates to the metabolism of nucleic acids, 
carbohydrates and proteins; some studies showed that nickel is implicated in the 
absorption of calcium, iron and zinc. At high concentrations, these oligoelements 
can become toxic (2, 3). 

Other xenobiotics, as lead, cadmium and mercury are very toxic and they 
can appear in the organism following its exposure to polluted environment. The 
presence of these chemical elements in milk is considered a significant risk for both 
adults and children; furthermore, some xenobiotics can affect milk‘s processing.   

The purpose of this study was the quantitative determination of lead, 
cadmium, mercury, nickel, copper and zinc in milk samples collected from two milk-
collecting centers and two farms around Bucharest. 

 

Materials and methods 
 

The determinations were made between 2006 and 2009 on 100 milk 
samples (25 samples in each year) using atomic absorption spectrophotometry.  
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The method‘s principle consists in the fact that the concentration of a 
chemical element in the sample is determined by measuring the absorption of an 
electromagnetic radiation with a specific wavelength when it passes through the 
medium that contains free atoms, uniformly distributed, of the elements that are 
subject of determination. The level of absorption is proportional with the 
concentration of atoms in the distribution medium. In case of metals, a flame with 

high temperature (2500C) represents distribution medium. 
 

Results and discussions 
 

Lead was detected in a percentage of 72% in analyzed samples, but in 
quantities lower than maximum admitted limit, while cadmium and mercury were 
not detected (they were below the method‘s detection limit). As for nickel, copper 
and zinc, these microelements were detected in all analyzed samples in normal 
quantities (table 1). 

Table 1 
The contamination of milk samples with elementary xenobiotics 

Element Year 
Analyzed 
samples 

Samples with detectable 
residues 

Samples with residues 
< LOD* 

Nr. % Nr. % 

Lead 

2006 25 19 76 6 24 

2007 25 20 80 5 20 

2008 25 18 72 7 28 

2009 25 15 60 10 40 

Cadmium 

2006 25 0 0 25 100 

2007 25 0 0 25 100 

2008 25 0 0 25 100 

2009 25 0 0 25 100 

Mercury 

2006 25 0 0 25 100 

2007 25 0 0 25 100 

2008 25 0 0 25 100 

2009 25 0 0 25 100 

Nickel 

2006 25 25 100 0 0 

2007 25 25 100 0 0 

2008 25 25 100 0 0 

2009 25 25 100 0 0 

Copper 

2006 25 25 100 0 0 

2007 25 25 100 0 0 

2008 25 25 100 0 0 

2009 25 25 100 0 0 

Zinc 

2006 25 25 100 0 0 

2007 25 25 100 0 0 

2008 25 25 100 0 0 

2009 25 25 100 0 0 
*LOD = Limit Of Detection 
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The identified concentrations for the studied metals during 2006-2009 are 
presented in table 2 as averages, minimum limits and maximum limits.   

 
Table 2 

Quantitative determinations of elementary xenobiotics in milk samples 

Element Year 
Nr. of samples 
with detectable 

residues 

Average 
value (μg/kg) 

Minimum 
value (μg/kg) 

Maximum 
value 

(μg/kg) 

Lead  

2006 19 2.95 1.40 4.25 

2007 20 2.90 1.17 4.31 

2008 18 2.82 0.95 3.89 

2009 15 2.35 1.15 3.54 

Nickel  

2006 25 11.25 10.12 13.65 

2007 25 11.17 10.02 12.56 

2008 25 11.85 10.14 13.75 

2009 25 11.62 10.08 13.62 

Copper  

2006 25 231.20 138.60 339.17 

2007 25 249.71 147.72 353.62 

2008 25 242.59 142.62 344.86 

2009 25 301.16 149.17 348.75 

Zinc  

2006 25 2205.14 1501.19 3185.03 

2007 25 2047.19 1562.30 2642.40 

2008 25 2254.87 1452.03 3134.50 

2009 25 2614.62 1658.13 3233.08 

 
According to European Commission Regulation no. 1881/2006, in case of 

milk there are established maximum admitted limits only for lead – 20μg/kg (4). 
Even if European legislation did not establish maximum admitted limits for 
cadmium, mercury, nickel, copper and zinc, these chemical elements can be 
determined in milk and can be compared with internal fabrication standards; on the 
other hand, milk-processing units wish to produce aliments with reduced 
concentrations of xenobiotics (mainly heavy metals).  

Lead‘s average concentrations determined in this study were much lower 
than maximum admitted limit (20 μg/kg); even maximum values recorded in 2007 
(4.31 μg/kg) and in 2006 (4.25 μg/kg) are 4.6, respectively 4.7 times lower than 
maximum admitted limit. Milk can be considered as an indicator of environmental 
pollution with lead, being reported important quantities in milk from the first day of 
animals‘ exposure to polluting source. Lead is a xenobiotic that significantly 
contaminates air from urban areas, general tendency being to limit its presence in 
air, water and foodstuffs.  

Cadmium and mercury were not detected in analyzed milk samples (they 
were beyond method‘s limit of detection); atomic absorption spectrophotometry is 
considered to have a high degree of sensitivity, so the obtained results are reliable. 

The results obtained for nickel must be analyzed considering its risk for 
consumers and the daily necessary quantity of the organism. Even many studies 
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confirmed nickel as a necessary oligoelement, daily necessary quantity is not 
known. On the other hand, WHO established a daily acceptable intake of 5 μg/kg, 
which means 400 μg for an adult of 80 kg (1). In this study, maximum concentration 
for nickel was determined as 13.75 μg/kg, which means that by consumption of 1.5 
liters of milk, human health is not put in danger.  

Copper is an essential element for normal functioning of the organism, its 
lack in diet determining the occurrence of hypochromic and macrocytic anemia, 
leucopenia, ataxia, depigmentation of the hair. The necessary copper intake for 
human organism is 1-1.6 mg/day in children and 1.5-2 mg/day in adults. Copper 
concentrations in milk determined in this study cannot assure alone these 
necessities; furthermore, it is well known that milk is a weak source of copper.  

Zinc concentrations in milk are not constant, being influenced by factors 
such as moment of lactation, nutritional status, and environmental contamination. 
The lack of this oligoelement can result in dermatitis, diarrhea, vomiting, loss of 
appetite.  Some studies showed that normal diets offer 10-15 mg zinc/day, being 
satisfied the necessary of 3-10 mg for children and 10-15 mg for adults. Average 
zinc concentrations determined in this study can assure the necessary zinc quantity 
for children in the conditions of consumption of 1.5 liters milk/day.        
 

Conclusions 
 

Following the researches, lead concentrations in milk were much lower 
than maximum admitted limit. 

Cadmium and mercury were absent in analyzed milk samples. 
Analyzing nickel concentration in milk, it can be underlined that the 

consumption of 1.5 liters of milk/day, human health is not put in danger.  
 Copper‘s concentrations in milk cannot assure daily necessities for humans. 
Average concentrations of zinc in milk can assure daily necessities for 

children.  
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Summary 

 
Nowadays, monitoring of antibiotics in milk is very important, considering the 

possibility that these substances can overtake organism‘s internal barriers and they can be 
eliminated through milk in risky quantities. 

The purpose of this study was the semi-quantitative determination of the residues of 
antibiotics used in veterinary therapeutics from raw milk samples.  

In this study, the confirmation of positive samples was done using semi-quantitative 
test based on microbial receptors; this test was applied for identification of antibiotics groups. 

There were analyzed 1523 milk samples, as follows: 421 samples in 2006, 378 
samples in 2007, 397 samples in 2008 and 327 samples in 2009. 

Following the researches, the obtained results were: 32 positive samples in 2006 
(7.60%), 24 positive samples in 2007 (6.35%), 23 positive samples in 2008 (5.79%) and 16 
positive samples in 2009 (4.89%). 

From these positive samples, in most cases there were detected antibiotics from 
only one group of antibiotics. The most detected antibiotics were those from betalactamines 
and tetracyclines groups, followed by macrolides and aminoglycosides groups. 

In case of all detected antibiotics, the number of positive samples was lower in 
2008 and 2009, being recorded a decreasing tendency of antibiotics residues presence in 
raw milk samples.   

Key words: milk, residues, antibiotics, betalactamines 

 
Milk, unlike other products of animal or vegetal origin, is subdued to a high 

number of analyses, in order to determine its chemical composition, alimentary 
value, eventual falsifications, contamination, and its framing in standard norms.    

Nowadays, monitoring of antibiotics in milk is very important, considering 
the possibility that these substances can overtake organism‘s internal barriers and 
they can be eliminated through milk in risky quantities. Moreover, their presence 
was detected even in milk products due to the contamination of raw milk or during 
processing.  

The purpose of this study was the semi-quantitative determination of the 
residues of antibiotics used in veterinary therapeutics from raw milk samples.  

 
 
 
 

Materials and methods 
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In order to detect antibiotics‘ residues in raw milk it was used the protocol 
recommended by E.U. legislation, which includes two stages (1, 2, 3, 4, 5):   

- the first stage consists in applying of a qualitative microbiological protocol, 
which permits the identification of some antibiotics used in veterinary 
therapy, with a high risk to contaminate the milk. Based on this technique, 
there can be identified penicillin, ampicillin, cloxacillin, nafcillin, tetracycline, 
oxytetracycline, chlortetracycline, chloramphenicol, streptomycin, neomycin, 
kanamycin, bacitracin, erythromycin, rifampicin and a few sulfamides; 

- the second stage is the confirmation of the obtained results in the first stage. 
In this study, the confirmation of positive samples was done using semi-
quantitative test based on microbial receptors; this test was applied for 
identification of antibiotics groups. 

This competitive – microbiological method uses bacteria having sites that 
can bind antibiotics in the samples in competition with antibiotics radioactive 
marked. The principle of the method is the binding between antibiotics‘ functional 
groups and bacteria‘s receptor sites. Bacteria are added to milk samples altogether 
with a quantity of antibiotic marked with hydrogen and carbon isotopes; the 
eventual antibiotics in the samples will compete with radioactive marked antibiotics. 
The quantity of radioactive marked antibiotic that binds to specific sites is then 
measured and compared with a control point. The determination of a big quantity of 
marked antibiotic means a low concentration of antibiotic in milk sample.  

There were used kits with radioactive marked antibiotics for the detection of 
betalactamines, aminoglycosides, tetracyclines and macrolides.  

In order to analyze the results, the control point was considered the limit 
between positive and negative sample. If the value of scintillations / min. was 
higher than control point, the sample was considered negative; if the value of 
scintillations / min. was lower than control point, the sample was considered 
positive. 

The selectivity represents the sureness by which the test differences 
contaminated samples from residues-free samples. The analysis of negative 
control samples showed zero positive samples, the tests overtaking 90% selectivity 
and 95% sureness factor. There are not known interferences due to somatic cells 
or bacteria; crossed-reactions within antibiotics group can appear. 

 
Results and discussions 

 
There were analyzed 1523 milk samples, as follows: 421 samples in 2006, 

378 samples in 2007, 397 samples in 2008 and 327 samples in 2009. 
Following the researches, the obtained results were: 32 positive samples in 

2006 (7.60%), 24 positive samples in 2007 (6.35%), 23 positive samples in 2008 
(5.79%) and 16 positive samples in 2009 (4.89%). From these samples, 22 
samples (68.75%) in 2006, 18 samples (75.00%) in 2007, 17 samples (73.91%) in 
2008 and 12 samples (75.00%) in 2009 were contaminated with only one group of 
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antibiotics; 10 samples (31.25%) in 2006, 6 samples (25.00%) in 2007, 6 samples 
(26.09%) in 2008 and 4 samples (25.00%) in 2009 were contaminated with two or 
more groups of antibiotics. Globally, 69 samples (72.63%) were contaminated with 
only one class of antibiotics, while 26 samples (27.37%) were contaminated with 
two or more groups of antibiotics (tables 1, 2). 

 
Table 1 

The contamination of positive milk samples with one or more  
classes of antibiotics 

Year 
Analyzed 
samples 

Positive 
samples 

Samples contaminated 
with one class of 

antibiotics 

Samples contaminated 
with more than one 

classes of antibiotics 

Nr. % Nr. % Nr. % 

2006 421 32 7.60 22 68.75 10 31.25 

2007 378 24 6.35 18 75.00 6 25.00 

2008 397 23 5.79 17 73.91 6 26.09 

2009 327 16 4.89 12 75.00 4 25.00 

Total  1523 95 6.24 69 72.63 26 27.37 

 
Table 2 

Groups of antibiotics detected in milk samples positive with only one  
class of antibiotics 

 Year 
Betalactamines 

Gentamicin / 
neomycin 

Gentamicin / 
streptomycin 

 Macrolides Tetracyclines Total 

Nr. % Nr. % Nr. % Nr. % Nr. % Nr. % 

2006 8 36.36 3 13.63 2 9.09 3 13.63 6 27.27 22 100 

2007 5 27.78 4 22.22 1 5.56 4 22.22 4 22.22 18 100 

2008 4 23.53 3 17.65 2   11.76 3 17.65 5 29.41 17 100 

2009 3 25.00 3 25.00 0 0 3 25.00 3 25.00 12 100 

Total  20 28.99 13 18.84 5 7.25 13 18.84 18 26.09 69 100 

 
 
From table 2 it results that the most detected antibiotics in milk were 

betalactamines: 8 samples (36.36%) in 2006, 5 samples (27.78%) in 2007, 4 
samples (23.53%) in 2008 and 3 samples (25.00%) in 2009.  

Tetracyclines were detected in 6 samples (27.27%) in 2006, 4 samples 
(22.22%) in 2007, 5 samples (29.41%) in 2008 and 3 samples (25.00%) in 2009. 
Also, there were identified in big proportion gentamicin/neomycin antibiotics: 3 
samples (13.63%) in 2006, 4 samples (22.22%) in 2007, 3 samples (17.65%) in 
2008 and 3 samples (25.00%) in 2009.  

Gentamicin/streptomycin antibiotics were detected as follows: 2 samples 
(9.09%) in 2006, 1 sample (5.56%) in 2007 and 2 samples (11.76%) in 2008. 

Macrolides were identified in 3 samples (13.63%) in 2006, 4 samples 
(22.22%) in 2007, 3 samples (17.65%) in 2008 and 3 samples (25.00%) in 2009.   
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Globally, in the milk samples contaminated with one group of antibiotics, 
betalactamines were detected in 20 cases (28.99%), tetracyclines in 18 cases 
(26.09%), gentamicin/neomycin in 13 cases (18.84%), macrolides in 13 cases 
(18.84%) and  gentamicin/streptomycin in 5 cases (7.25%). 

 
Conclusions  

 
Following the researches, positive milk samples contained in most cases 

antibiotics from only one group of antibiotics.  
The most detected antibiotics were those from betalactamines and 

tetracyclines groups, followed by macrolides and aminoglycosides groups. 
In case of all detected antibiotics, the number of positive samples was 

lower in 2008 and 2009, being recorded a decreasing tendency of antibiotics 
residues presence in raw milk samples. 
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Summary 

 
The main goal of the study is to estimate the anti-Listeria activity of some bacterial 

species that are isolated from water and food.  
Meat and meat products, egg products, vegetables, seafood and dairy products 

present a high risk of Listeria spp. contamination. Listeria spp. could coexist with a multitude 
of microorganisms (associated microflora) on different substrates and optimum growth 
condition (1). It is known that some bacteria could partially or totally inhibit growing and 
multiplication of other bacterial species in the antagonism by antibiosis process. The results 
are failure of isolation and identification of it.    

There were cultivate five bacterial species in direct contact and simultaneous with 
L. monocytogenes on solid media. These species are Staphylococcus aureus, 
Pseudomonas aeruginosa, Salmonella enteritidis, Enterococcus faecalis and Escherichia 
coli.  

By high and invasive power of growth and by diffusion of bacteriocin in medium, in 
some cases the results were demonstrate that are bacterial species that could faster and 
better use the nutrients for substrate. This process will inhibit partially or totally growing of L. 
monocytogenes.  

Keywords: Listeria spp, anti-Listeria activity, antagonism 
 
Listeria monocytogenes is a pathogenic, psichrotrof, gram-positive 

microorganism, frequently involved in food poisoning which contamination sources 
are milk, cheese, meat and vegetables.  The microorganism sticks to food surface 
and forms a thin film named biofilm, occasionally in association with other 
psichotrofic microorganisms. The biofilm could be an important source of 
contamination for foods products or foods that are in direct contact with it (2).  

Because of the high percent of death cases, listeriosis ranks on second 
place (after salmonelosis) like disease that occurs by contaminated food ingestion 
(3). 

Multiple studies have demonstrated that some bacteria are known 
inhibiting capacity of pathogen agents in foods and on food surface by producing of 
bactericide and bacteriostatic substances (4).  

The paper gives some information about behavior of bacterial species in 
presence of Listeria monocytogenes. Some of bacteria have an anti-Listeria 
capacity, demonstrating that these bacteria could directly influence the isolation 
and identification process. 
 

Materials and methods 
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In the study were used two Listeria monocytogenes strains and other 39 

strains from five bacterial species isolated from animal origin food and from water 

used in fabrication process.  

 Thus were processed and analyzed: 

- 22 strains of Staphylococcus aureus isolated from cow raw milk;  
- three strains of Pseudomonas aeruginosa isolated from goat raw milk;  
- two strains of S. enteritidis isolated from refrigerated chicken carcass;  
- seven strains of E. coli isolated from refrigerated mixture minced meat; 
- five strains of E. faecalis isolated from water used in fabrication process.  

Strains of Listeria monocytogenes used in the study are ATCC 35152 and 
ATCC 33090. 

On the unselective solid medium (Plate Count Agar, prepared and fresh 
spread in Petri dishes with 90 mm diameter) were striated two parallel lines of 
Listeria monocytogenes. The lines are in the center of the dish, at 10 mm distance 
one from other. The strain of the tested bacteria had interlaced between the two 
lines of Listeria monocytogenes. On the extremities of the dish was striated positive 
control, for every experiment (fig.1). 

 
 

Fig. 1 - Striation types on solid medium with strains 
 

After striation process, the dishes were incubating in aerobe condition, 
initially at 30

o
C for 24 hours, than at 37

o
C for 48 hours. At every 24 hours, the 

dishes were exam, following development stage for microbial cultures. 
Were made appreciations assessments about tested Listeria 

monocytogenes inhibiting degree.  
Inhibiting degree of the cultures was note as it follows: 

- moderate, partial inhibiting;  
- total inhibiting;  
- absence of inhibiting. 

 

Results and discussions 

L. monocytogenes 

Tested strain 
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In the table 1 are presenting the results obtained after monitoring of the 
plates with cultures, at every 24 hours for 3 days:  

 In case of the simultaneous test with Staphylococcus aureus and Listeria 
monocytogenes  were observed the following aspects: 
- at 24 hours by the incubation of the plates, were observed the positive 

control colonies and in central area of the plates was appeared colonies of 
Staphylococcus aureus with 1-2 mm diameter; 

- after 72 hours of incubation, cultures of Staphylococcus aureus from the 
central area have growth abundant; 

- in the central area of the interlaced lines did not developed colonies of 
Listeria monocytogenes; 

- the strains of Staphylococcus aureus used in the study, have produced 
100% of Listeria monocytogenes cultures. 

 In case of the simultaneous test with Pseudomonas aeruginosa and 
Listeria monocytogenes  resulted next observations: 
- in the first 24 hours of incubation, colonies of Pseudomonas aeruginosa 

have grown in abundance in the central area of the interlaced striated lines;   
- at 72 hours at incubation, the colonies of Pseudomonas aeruginosa have 

invaded the central area were the Listeria monocytogenes culture was striated; 
- in this case, the inhibition was total, colonies that were developed by the 

three strains of  P.aeruginosa have a highly invasive nature on L. monocytogenes. 
 When Salmonella enteritidis and Listeria monocytogenes were tested 

together, resulted the following observations: 
- in the 72 ore of incubation, the colonies of Salmonella enteritidis were 

grown in parallel with colonies of Listeria monocytogenes from central area of the 
interlaced lines; 

- the two strains of Salmonella enteritidis used in the study did not produce 
inhibition of the  Listeria monocytogenes cultures. 

 For the simultaneous testing of the Escherichia coli and Listeria 
monocytogenes  were observed those aspects: 
- after 72 hours of incubation, Escherichia coli colonies were grown parallel 

with Listeria monocytogenes in the central area of the interlaced striated lines;  
- the seven strains of Escherichia coli have produced the inhibiting of the 

Listeria monocytogenes cultures. 
 In case of simultaneous testing between Enterococcus faecalis and Listeria 

monocytogenes  were observed:  
- over 48 ore of incubation, colonies of Enterococcus faecalis grown in 

parallel with Listeria monocytogenes in the central area of the interlaced lines; 
- at 72 hours from incubation, the Enterococcus faecalis colonies from the 

central area have overtaken and inhibited  Listeria monocytogenes; 
- the five strains of Enterococcus faecalis have produced partial inhibiting 

of Listeria monocytogenes colonies from the central area of the striated lines. 
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Ryser E.T., Schillinger, U. and col., reported similar results for L. 
monocytogenes inhibited by Enterococcus faecalis from dairy products (5, 6). 

 
Table 1 

Evolution of the microbial cultures 
Strain of 

tested 
bacteria 

Culture evolution: 

24 h 48 h 72 h 

Staph.  

aureus 

- the appearance of the 

positive control; 

- the appearance of the S.a. 

culture, on entire length  of 

the striated line interlaced 

with L.m.; 

- the appearance of L.m. 

colonies only in striated line 

from superior and side part;  

- the absence of the L.m. 

colonies from the central 

part of the striated 

interlaced;  

- development of the 

positive control; 

- abundant growth of  S.a. 

culture from the central 

area of the striated lines;  

- the lack of L.m. colonies 

from the central area of the 

interlaced lines. 

- development of the 

positive control; 

- abundant growth of  

S.a. cultures from the 

central area of the 

striated lines; 

- the lack of L.m. 

colonies from the 

central area of the 

interlaced lines. 

Ps.  

aeruginosa 

-  the appearance of the 

positive control; 

-  the appearance of the P.a. 

culture on the entire length 

of the striated lines 

interlaced with lines of L.m.. 

- development of the 

positive control;  

- the absence of the L.m. 

colonies from the 

interlaced lines. 

- development of the 

positive control;  

- the invasion of P.a, 

in the area of the L.m. 

striated lines . 

S.  

enteritidis 

- the appearance of positive 

control;  

- the simultaneous 

appearance, in central area, 

of the S.e. and L.m. 

interlaced.  

- development of the 

positive control;  

- the parallel development 

of both bacterial cultures.   

- development of the 

positive control;  

- the parallel 

development of both 

bacterial cultures. 

E. coli 

- the appearance of positive 

control; 

- simultaneous appearance, 

in central area of the dish, of 

E.c. and L.m. cultures.  

- development of the 

positive control; 

- the parallel development 

of both bacterial cultures.   

- development of the 

positive control; 

- the parallel 

development of both 

bacterial cultures. 

E. faecalis 

- the appearance of positive 

control; 

- the simultaneous 

appearance, in central area 

of the dish, of the interlaced 

E.f. and L.m. cultures.  

- development of the 

positive control; 

- continue development of 

E.f. colonies from the 

interlaced lines;  

- slow development of L.m. 

colonies, from the central 

area of the interlaced lines.  

- development of the 

positive control; 

-advanced 

development of  E.f. in 

interlaced striated 

lines; 

-development 

stagnation of the L.m. 

colonies from central 

area of the interlaced 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ryser%20ET%22%5BAuthor%5D
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lines.  

 

        
Fig. 2 – Staphylococus aureus                     Fig. 3 – Pseudomonas aeruginosa 

versus Listeria monocytogenes                    versus Listeria monocytogenes 
 

       
Fig. 4 – Salmonella enteritidis                           Fig. 5 – Escherichia coli 

versus Listeria monocytogenes                     versus Listeria monocytogenes 

 
Fig. 6 – Enterococcus faecalis versus Listeria monocytogenes 
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Conclusions 

The obtained results have demonstrated that certain bacterial species, like 
Staphylococcus aureus and Pseudomonas aeruginosa have an anti-Listeria 
activity. These bacterial species better and faster succeeds to use the nutrients 
from the substrate, leading to total inhibiting of L. monocytogenes from cultures.  

On particular substrates, in optimum growth conditions, Listeria 
monocytogenes could coexist with microorganisms like Salmonella enteritidis or 
Escherichia coli (association microflora). 

Enterococcus faecalis, even if is part of the streptococcus group, in the 
presence of Listeria monocytogenes have produced only a partial inhibiting process.  
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Summary 
 

The purpose of this study was to evaluate the tetracyclines‘ and cloramphenicol‘s 
residues levels in different types of honey samples collected from beekeepers between 2007 
and 2010. There were analyzed 82 honey samples from Timis County for the detection of 
tetracyclines‘ and cloramphenicol‘s residues using the Elisa immunoenzymatic assays.  

The results of the study pointed out that in 15 honey samples (18.29%) were 
detected tetracyclines residues and in three honey samples (3.65%) were detected 
cloramfenicol residues. The levels of tetracyclines and cloramphenicol residues in honey 
were under the maximum permitted level (MRL) for tetracycline and minimum residue 
permitted level (MRPL‘s) for cloramphenicol. The concentrations of tetracycline residues 
ranged between 16.85 and 19.81μg/kg and the concentrations of cloramphenicol residue 
between 0.063 – 0.212μg/kg. 

No chloramphenicol‘s residues were detected in lime honey, sunflower honey and 
rape honeys, nor tetracycline‘s residues were detected in sunflower honey. 

Key words: honey, residues, tetracyclines, cloramphenicol 
 

Tetracyclines and chloramphenicol are bacteriostatic antibiotics, both of 
them with a broad spectrum, active on gram negative and gram positive cocci, 
riketsia, spirocheta, mycoplasma and even the largest viruses. These antibiotics 
act as inhibitors of protein synthesis and their influence on the immune process is 
generally low. The exception is the establishment of chloramphenicol which affects 
immunity (3). Honey is regarded as a natural and pure product and is expected to 
be free of residues (6). Contamination of honey with medicinal substances such as 
tetracycline and chloramphenicol is the result of poor beekeeping practices and 
without a strict veterinary supervision.  

In many countries, major producers of honey, beekeepers are allowed to 
use antibiotics in the treatment of bacterial diseases, mostly for American or 
European foulbrood. American foulbrood (AFB) is produced by Paenibacillus larvae 
and in juvenile stage affects brood cover. The disease develops throughout the 
active season and is the first in rank in juvenile pathology and the major cause of 
losses that occur in the bee colony. European foulbrood is a disease caused mainly 
by Mellissococcus pluton and other bacterial species association and is affecting 
young brood larvae before caps (12,15). These diseases disseminate rapidly and 
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cause significant losses because of the high percentage mortality until the 
liquidation of entire bees colonies (4,5). 

Currently, in order to control AFB only a few antibiotics are used. In 
Argentina, oxytetracycline is used both therapeutically and prophylactically, and in 
Canada they use tylosin, macrolide antibiotic, only in extreme cases when a 
resistance to oxytetracycline has developed. Oxytetracycline (OTC) was used in 
prophylaxis until 1950 to take control of AFB; this has led to the phenomenon of 
antibiotic resistance and it can be found in honey as a residue (1, 2, 10). European 
legislation (EC Regulation 37/2010) has established maximum residue limit (MRL) 
at 20 μg/kg for tetraciclines. Because of its toxicity in humans, the use of 
chloramphenicol in animal-derived foods, including honey from honeybees, has 
been strictly regulated. The European Union (EU) has defined a minimum 
permitted residue level (MRPL) at 0.3 μg/kg for chloramphenicol in foods of animal 
origin. 
 

Materials and methods 
 

Between 2007-2010, from the beekeepers in Timis County were collected 
82 honey samples of several types, as follows: 24 polyfloral honey, 18 of acacia 
honey, 18 of lime honey, 10 of sunflower honey and 12 of rape honey. 

Tests for residues of tetracycline and chloramphenicol were performed by 
Elisa immunoenzymatic assay in the Sanitary Veterinary and Food Safety 
Directorate Timis using kits produced by R-Biopharm.  

Interpretation of results was performed by using Ridawin software and the 
results were expressed as μg/kg. 
 

Results and discussions 
 

The types of honey, the number of analyzed samples and the results are 
presented in table 1-3 and figures 1-3. 

The results of the study emphasized that in 15 honey samples (18.29%) 
were detected tetracyclines residues and in three honey samples (3.65%) were 
detected cloramfenicol residues.  

 
Table 1 

Prevalence of tetracycline and chloramphenicol residues in honey types 
analyzed between 2007 and 2010 

Types of 
honey 

Analyzed 
samples 

-no. 

Positive samples 

Tetracycline Chloramphenicol 

No. % No. % 

Polyfloral 24 7 29.16 2 8.33 

Acacia 18 4 22.22 1 5.55 

Lime 18 3 16.66 0 0 
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Sunflower 10 0 0 0 0 

Rape 12 1 8.33 0 0 

Total 82 15 18.29 3 3.65 
 
 

 
Fig.1. Number of positive samples in different varieties of honey during 2007- 2010 

 
No chloramphenicol‘s residues were detected in lime honey, sunflower 

honey and rape honeys, nor tetracycline‘s residues were detected in sunflower 
honey. 

The concentration of tetracycline residues in seven polyfloral honey 
samples (29.16%), four acacia honey samples (22.22%), three samples of lime 
honey (16.66%) and one sample of rape honey (8.33%) were between 16.85 - 
19.81 μg/kg. Research conducted in Romania pointed out that beekeepers use 
antibiotics and antibiotic residues were detected in honey.  

In the period 2004-2008, 59 samples of honey from private producers in 
four districts of Moldova (Iasi, Botosani and Suceava) were collected and analyzed 
to detect residues of tetracycline through the ELISA method and from these, 12 
samples, representing 17.92% were classified as samples suspected of 
contamination (11). 

High levels of tetracycline residues were recorded in polyfloral honey 
(23.47 μg/kg) followed by acacia honey (16.6 μg/kg) and lime honey (19.55 μg/kg)) 
in a study conducted by Sfetcu, between 2003 and 2006 (9). 
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Table 2 
The concentration of tetracycline residues in honey varieties analyzed 

between 2007 and 2010 

 

 
Fig.2. The concentration of tetracycline residues in honey varieties analyzed 

between 2007-2010 
 

The concentration of chloramphenicol residues in polyfloral honey and 
acacia honey were beween 0.063 – 0.212μg/kg. The levels of tetracycline and 
cloramphenicol residues in honey were under the MRL for tetracycline and under 
the MRPL for cloramphenicol. 

 
Table 3 

The concentration of chloramphenicol residues in honey varieties analyzed 
between 2007 and 2010 

 

Type of 
honey 

Minimum 
(μg/kg) 

Maximum 
(μg/kg) 

Average 
(μg/kg) 

Polyfloral 16.85 19.81 17.90 

Acacia 16.89 18.68 17.84 

Lime 18.22 18.71 18.42 

Sunflower 0 0 0 

Rape 17.13 17.13 17.13 

Type of 
honey 

Minimum 
(μg/kg) 

Maximum 
(μg/kg) 

Average 
(μg/kg) 

Polyfloral 0.078 0.212 0.145 

Acacia 0.063 0.063 0.063 

Lime 0 0 0 

Sunflower 0 0 0 

Rape 0 0 0 
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Fig.3. The concentration of chloramphenicol residues in honey varieties 

analyzed between 2007-2010 
 

The use of antibiotics in beekeeping and their presence as residues in 
honey is confirmed by other researchers. Between 2000-2002, in Belgium, were 
analyzed honey samples from domestic production: 72 samples for determination 
of tetracycline residues and 93 samples for determination of chloramphenicol 
residues. The results showed that no chloramphenicol was found, but tetracycline 
residues were detected in 2.8% of the samples. In imported honey, 
chloramphenicol residues were detected in 47.1% from 85 analyzed samples and 
tetracycline residues were detected in 29.6% from the 98 analyzed samples (8). 
Also, a number of 430 honey samples were analyzed in Switzerland and 
tetracycline residues were detected in 53 samples (4).  

 
Conclusions 

 
This study pointed out that tetracycline residues were present in 18.29% of 

different types of honey samples and chloramphenicol residues were present in 
3.65% of the samples analyzed. 

In honey varieties analyzed in the period 2007- 2010, the tetracycline 
residues concentration has not exceeded the maximum permitted level (20 μg/kg) 
and the chloramfenicol residues concentration was below minimum permitted level 
(MRPL) of 0.3 μg/kg (EC Regulation 37/2010). 
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Summary  
 

Between 2007-2010 in the laboratory from the Sanitary Veterinary and Food Safety 
Directorate Timiş, 150 samples of honey were analyzed to determine the moisture content. 
The number of samples regarding their variety was as follows: 53 polyfloral honey, 32 acacia 
honey, 34 lime honey and 31 sunflower honey samples. The study emphasized that water 
content ranged between 14.4% and 20.3%. Mean water content of analyzed honey varieties 
were: polyfloral honey 17.14%±0.18; acacia honey 17.26%±0.20; lime honey 1691%±0.17; 
sunflower honey 16.97%±0.17. 

Key words: honey, water content 

 
Honey is the natural sweet substance produced by Apis mellifera bees 

from the nectar of plants, from secretions of living parts of plants or excretions of 
plant-sucking insects on the living parts of plants, which the bees collect, transform 
by combining with specific substances of their own, deposit, dehydrate, store and 
leave in honeycombs to ripen and mature (8, 9). Upon completion of processing by 
bees and continued until the extraction of combs, in general, honey umidity is 
above 20%. In very rare cases, in tropical conditions, honey umidity can be higher 
than 20%.  

Beekepers‘ goal is to harvest honey with water content below 18%, 
because this parameter is of major importance regarding the honey quality and 
ability for storage. Honey can be storaged for a long time in glass bottles, 
hermetically sealed, in rooms with relative humidity lower than 65% and with an 
ambiental temperature of 10-16

0
C. 

Natural moisture content of honey is influenced by several factors involved 
in the process of maturation, including weather conditions and humidity of the 
nectar (3, 6). The water content may be influenced, also, by the power and the type 
of bee colony hives (1), 

After extraction, the water content of honey can be changed depending on 
storage conditions. When the water content is higher than 20%, it may be one of 
the following situations: 

 when the extraction is from unsealed combs and the process of maturation 
was not completed; 

 keeping the honey in wet areas and in poorly sealed containers; 

 falsification by adding the water directly or indirectly (to substitute its own 
high humidity). 
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High water content reduces proportionately the nutritional value of honey, it 
modifies the organoleptic characteristics, but especially prones to fermentation (3, 
6). In the honey with water content under 17%, the fermentation process is 
minimum and the content in yeast is reduced (1). 

 
Materials and methods 

 

Between 2007-2010 in the laboratory from the Sanitary Veterinary and 
Food Safety Directorate Timis, 150 samples of honey were analyzed to determine 
moisture content. The number of samples regarding their variety was as follows: 53 
polyfloral honey, 32 acacia honey, 34 lime honey and 31 sunflower honey. All of 
the honey samples were collected after extraction. 

The water content was determined conform SR EN 784/3:2009 at 20
0
C via 

refractive measurement, by using the refractive index (7). The results were 
expressed as percentage (%) and for statistical interpretation the ANOVA program 
was used. 

Results and discussions 
 

Honey varietes, the number of samples analyzed and the results are 
presented in Tables 1-4 and figures1-2. 

 
Table 1 

Honey varieties and number of samples analyzed between 2007 and 2010 
Type of 
honey 

Total 
samples  

Analyzed samples  

2007 2008 2009 2010 

Polyfloral 53 14 13 15 11 

Acacia 32 8 8 7 9 

Lime 34 8 9 9 8 

Sunflower 31 7 9 8 7 

Total samples 150 37 39 39 35 

 
The study pointed out that water content ranged between 14.4% and 

20.3%, both values being recorded in polyfloral honey, the lowest value was 
recorded in 2009 and the highest value was recorded in 2007. 

The water content for the other honey varieties had the following minimum 
and maximum values: 15.48% and 19.95% in acacia honey, 14.89% and 18.33% in 
lime honey and 14.58% and 18.52% in sunflower honey.  

 
 
 
 

Table 2 
Water content of honey analyzed between 2007 and 2010  
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During the study‘s period, the highest average water content was recorded 
in acacia honey (17.92%) in 2010 and the lowest in sunflower honey (16.44%) from 
the same year. 

 
Table 3 

Mean water content of honey analyzed between 2007and 2010  
Type of  
honey 

2007 2008 2009 2010 

x±sx x±sx x±sx x±sx 

Polyfloral 16.97±0.42 17.10±0.30 17.11±0.35 17.45±0.33 

Acacia 16.69±0.33 17.25±0.26 17.06±0.37 17.92±0.51 

Lime 16.74±0.34 17.10±0.22 16.54±0.42 17.27±0.32 

Sunflower 17.42±0.39 16.90±0.21 17.10±0.26 16.44±0.48 

 

 
Fig.1. Dynamics of average water content in honey varieties in the period  

2007- 2010 
 

Between 2007 and 2010, the average water content for each variety of 
honey had the following values: 17.14±0.18 in polyfloral honey; 17.26±0.20 in 
acacia honey; 16.91±0.17 in lime honey and 16.97±0.17 in sunflower honey. 

There were no statistically significant differences (p>0.05) between 
varieties of honey in the period analyzed, nor between the years 2007-2010. 

 
 
 

Table 4 
Average water content of honey varieties analyzed in the period 

Type of 
honey 

2007 2008 2009 2010 

Min. Max. Min. Max. Min. Max. Min. Max. 

Polyfloral 15.0 20.3 15.6 19.2 14.4 19.8 15.24 18.96 

Acacia 15.48 18.44 15.98 18.26 15.61 18.2 15.91 19.95 

Lime 15.46 18.09 16.28 18.21 14.89 18.33 15.85 18.33 

Sunflower 15.8 18.52 16.09 17.86 16.1 17.91 14.58 18.16 

Range 15.0 20.3 15.6 19.2 14.4 19.8 14.58 19.95 
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 2007- 2010 
 

Type of honey 
Water content (%) 

x±sx DS CI 95% 

Polyfloral 17.14±0.18 1.28 0.35 

Acacia 17.26±0.20 1.16 0.42 

 Lime 16.91±0.17 0.98 0.34 

Sunflower 16.97±0.17 0.94 0.34 

 

 
Fig. 2. Average water content of honey varieties  

 
The determination of water content in honey was the main subject in many 

studies in our country and worldwide, and the results were similar to those detected 
in the present study. In Maroc, the average value for the water content was 
19.65%, with a range between 17.8-21.8% (5). 

The study was conducted on 69 samples of the typical honeys produced in 
the Marche Region in central Italy (44 multifloral, 23 acacia, two honeydew) 
showed that mean humidity was 17.4 % with a range of between 15.1 – 21.0 % (2). 

In Portugal, the study conducted by Gomes (4).showed a range of water 
content values from 15.9 to 17.2% and no major statistically significant differences 
appeared between the five honey samples analyzed.  
 

Conclusions 
 

Research conducted during 2007 – 2010 on determining the water content 
in different types of honey in the Timis county emphasized that water content was 
within the limits set by the Romanian legislation (Ord.522/2003) and European (EC 
Directive 110/2001). The hierarchy upward regarding the water content was as 
follows: acacia honey, polyfloral honey, sunflower honey and lime honey. There 
were no statistically significant differences (p>0.05) between varieties of honey 
(polyfloral, acacia, lime, sunflower) or between the periods in which the 
determinations were made. 
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RHEOLOGICAL AND MINERAL CHARACTERISTICS OF SOME 
TYPES OF BREAD  
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Summary  

 

The texture profile analyses of sliced bread revealed significant differences 
between types of bread and during storage. Textural parameters during the first and second 
compression such as adhesiveness, and springiness may be used as major indicators of 
bread behavior during storage and consumers acceptability. 

The de differences between the mineral concentrations of the various bread kinds 
were significant. However there were no significant differences for mineral concentrations 
such as Cu, and Fe for the rye bread. The total Ca concentration of the rye bread varied 
between 0.0773% dw and 0.0108% dw and the total Fe concentration between 0.00259% 
dw and 0.00355% dw.  

Although the nutritional value of brown bread is higher than the white bread the 
textural properties of the white bread makes it better accepted by consumers.  

This paperwork includes the activity data related to research conducted in the 
laboratory for interdisciplinary study and modeling of heavy metal accumulation in the food 
chain – HEVMETFOOD of the Faculty of Veterinary Medicine Bucharest. 

Key words: bread, texture profile, mineral elements 

 

The mineral content of different breads has been largely studied (1, 2, 4, 
5). The studies showed that bread is an important source for minerals in the human 
diet (4,5). The consumption of 500g of bread will give 60% of the total the daily 
recommended Mg intake, 50% for P and only 15% for Fe. Modern agriculture can 
produce special in breadline for cereals reach in minerals (3). Bread consumption 
increased since the beginning of the XX century when Otto Frederick Rohwedder 
designed the first industrial bread slicing equipment for bread. The sliced bread 
appears to be favored by consumers due to its format and its textural properties, 
disregarding the short time of maintaining these properties in open air.  

The ATP test was standardized only for cheese but it is largely used by 
bread industry to test the bread textural properties in relation to the recipe or the 
manufacturing technology. Improving the textural properties of breads which are 
rich in minerals will be a further step in a better diet for populations where bread is 
a major component of their daily diet.  

 
 
 

Materials and methods 
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Theree breads type T1 (white bread), T2 (rye bread), and T3 (whole grain 
bread) of sliced bread were bought from the local market. The total concentration of 
Ag, Al, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, K, Li, Mg, Mn, Na, Ni, Pb, Se, Sr, Tl, 
Zn, was measured in samples taken from the sliced bread loafs. 

The samples were fresh weighted and than dried to constant mass. The 
total humidity of the samples was measured using a thermogravimeter. A 0.2 g of 
dried sample was grinded and digested into a micowawe digestion owen. 

Three standardds of of 0.001 ppm, 0.1 ppm and 50 ppm were obtained 
from a multielement standard containing 1000 mg/l of Ag, Al, Ba, Ba, Be, Bi, Ca, 
Cd, Co, Cr, Cu, Fe, Ga, K, Li, Mg, Mn, Na, Ni, Pb, Se, Sr, Tl, Zn. The digested 
samples were analysed by ICP –OES  

The textural analyses was conducted as a TPA test using the TA Plus 
Lloyd Universal texture alayser.  

 
Results and discussions 

 
 The mineral content of the tested samples are presented in table 1. There 

are no significat diferences between the Ca and Cu, concentration in white, rye and 
whole graine bread.  

Hoever there is a significant diference between the concentrations of Fe in 
the whole grain bread and the two other breds. The whole grain bred containes the 
largest Fe (3.55 mg/100g fresh weight) and K concentration (199 mg/100g fresh 
weight) of the three breds types.  

The textural properties of the bread types (table 2) are largely different for 
all the three studied brad types. The stiffest bread was found to be the white bread 
(T1) while the least stiff was found to be the T3 whole grain bread. Also the hardest 
bread during the first compression was T3 and the softest T1. The less cohesive 
bread is T3 also. Al 

After 72 hour from the opening of the package all textural parameters of all 
samples changed (table 2).  

However, the T1 bread had not a significant change for hardness during 
this time (figure 1) while T3 had the largest significant change. 

The chewiness of T1 bread was not significantly different after 72 hours 
while for the whole bread decrease of chewiness was recorded after 72 hours 
(figure 2). Bread cohesiveness was not significant after 72 hours for the T1 and T2 
bread (fig. 2). 
 

 

 
 
 

Table 1 
Minerals concentration in white, rye and whole grain bread 
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E
le

m
e
n

t 

T1 WHITE BREAD  T2 RYE BREAD T3 WHOLE GRAIN BREAD 

Concentration 
in  

2 g of dried 
bread 

Concen
tration 
in fresh 
bread  

Concentration 
in  

2 g of dried 
bread 

Concen
tration 
in fresh 
bread  

Concentration 
in  

2 g of dried 
bread 

Concen
tration 
in fresh 
bread  

ppm 
standard 
deviation  

  mg/ 
100 g 

ppm 
standard 
deviation  

  mg/ 
100 g 

ppm 
standard 
deviation  

  mg/ 
100 g 

Al 0.1144 0.0049 1.97 udl - udl 0.0116 0.0035 2.02 

Ca 5.698 0.014 98.5 5.262 0.088 98.9 5.633 0.017 98.1 

Cu* 0.0123 0.0004 0.212 0.0112 0.0003 0.21 0.0166 0.0166 0.289 

Fe 0.1411 0.1411 2.44 
0.0126

8 
0.0009 2.3 0.2041 0.0003 3.55 

K 6.995 0.095 121 7.910 0.080 148 11.45 0.0003 199 

Mg 1.422 0.005 24.6 1.653 0.015 31 3.300 0.008 57.4 

Mn 0.0268 0.0002 0.463 0.0376 0.0002 0.706 0.0883 0.0003 1.53 

Na 29.80 0.17 515 30.88 0.030 580 25.07 0.23 458 

Sr* 0.0101 0.0001 0.174 udl - udl 0.0113 0.0001 0.198 

Zn 0.0911 0.0000 1.57 0.784 0.0007 1.47 0.0934 0.0002 1.62 

* close to the detection limit further investigation is needed.  
udl - under the detection limit (0.001 ppm) 

 

 
 
 

 
 
 
 

Table 2 
The textural parameters of fresh white, rye and whole grain bread 
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Textural 
properties 

T1  
white bread 

(fresh) 

 T2  
rye bread 

(fresh) 

 T3 
whole grain bread  

(fresh) 

Mean  
Standard 
deviation 

Mean  
Standard 
deviation 

Mean  
Standard 
deviation 

Hardness 1 (N) 27.428 3.01 42.134 14.424 74.3 11.181 

Hardness 2 (N) 24.399 2.638 36.345 11.822 61.627 9.572 

Area 1 (N mm) 105.33 13.821 180.2 69.215 397.89 58.131 

Area 1 (N mm) 43.965 5.367 55.25 8.444 119.61 17.791 

Cohesiveness 0.418 0.008 0.367 0.021 0.3 0.012 

Springiness (mm) 8.654 0.336 11.248 0.928 9.965 0.264 

Gumminess (N)  11.457 1.203 13.119 0.91 23.112 3.807 

Chewiness (J) 0.099 0.011 0.147 0.013 0.23 0.042 

Fracture Force (N) 0.098 0.043 24.097 9.887 56.442 11.197 

Adhesive Force (N) 0.003 0.027 0.031 0.03 0.003 0.021 

Adhesiveness (Nm)   0.00001 0.00001 0.00006 0.00005 0.00002 0.00002 

Stiffness (N/m) 4557.2 890.57 8527.1 3664.7 16613 1393.8 

 

 

 

 

 

 
 
 
 

Table 3 
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The textural parameters white, rye and whole grain bread after 72 hours from 
the opening of the plastic package 

 Textural 
properties 

T1 
white bread 

(after 72 hours) 

T2 
rye bread 

(after 72 hours) 

T3 
whole grain bread 

(after 72 hours) 

Mean 
Standard 
deviation 

Mean 
Standard 
deviation 

Mean 
Standard 
deviation 

Hardness 1 (N) 27.828 4.866 35.466 2.653 51.027 6.275 

Hardness 2 (N) 24.888 4.24 31.176 1.977 43.362 5.213 

Area 1 (Nmm) 99.25 18.189 129.15 18.259 211.46 48.04 

Area 1 (Nmm) 39.672 6.07 51.32 5.423 71.107 11.806 

Cohesiveness 0.422 0.023 0.385 0.017 0.342 0.025 

Springiness (mm) 9.452 1.524 8.931 0.459 9.068 1.787 

Gumminess (N)  10.861 1.026 13.768 0.96 17.305 1.216 

Chewiness (J) 0.101 0.01 0.123 0.011 0.156 0.029 

Fracture Force (N) 3.596 6.023 0.095 0 0.119 0.035 

Adhesive Force (N) 0.03 0.027 0.092 0.004 0.018 0.015 

Adhesiveness (Nm)   0.00006 0.0001 0 0 0.00001 0.00008 

Stiffness (N/m) 4838.8 614-85 5845.5 591.7 12388 3269 
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Fig. 1. Hardness 1 and 2 for the fresh bread types and after 72 hours 
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Fig. 2. Cohesiveness and chewiness for the fresh bread types and after 72 hours 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 281 
 

0

5

10

15

20

25

T1 fresh

T2 fresh 

T3 fresh 

T1  72 hours

T2 72 hours

T3 72 hours

Springiness (mm)

Gumminess (N) 

 

 
Fig. 3. Springiness and gumminess for the fresh bread types and after 72 

hours 
 

The springiness and gumminess of the T1 and T2 breads were not 
significant after 72 hours while for the T3 bread decreased significantly.  

 
Conclusions 

 
The white, rye and whole grain bread contains similar concentrations of 

Ca.  
The white and whole grain bread contained aluminum residues.  
The whole grain bread has the higher concentration in minerals  
The white brad is preserving its textural parameters almost unchanged 

after 72 hours. 
The whole grain bread is the most sensitive to textural parameters 

modifications after 72 hours. 
Although the whole grain bread is the most nutritious it sensitivity to 

textural parameters modification during time makes it less acceptable by 
consumers. 

The white bread has the most textural parameters better appreciated by 
consumer although it is less nutritious.  
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Summary  

 
Mycotoxins can cause nonspecific immunosuppression phenomena suppressing or 

blocking both cellular and molecular events that induce immune response and those which 
form expression of the immune response (cellular and humoral effectors). 

In this experiment we quantified the evolution of the key immunological parameters 
in pigs, in the context of modulation of the immune response by administration of mycotoxins 
in combination with an immunogenic, Mycoplasma. The research, conducted on two groups 
of 12 weeks old pigs, followed up the suppressor action exerted by fungi metabolites, 
expressed by severe immunological dysfunction, affecting both the specific and nonspecific 
immune effectors. 

Key words: pigs, antibodies, lysozyme, properdin, leukogram, mycotoxins 

 

Fungi are ubiquitous microorganisms, their main reservoir being soil and 
decomposed organic matter. Mycetes development and production of mycotoxins 
are two interlinked processes, although optimal environmental factors are not 
identical for both processes (5, 7). 

Thus, in food, feed, and culture media, mycetes can produce toxic 
metabolites called mycotoxins (3, 5, 6). Mycotoxins are a group of chemicals, 
structurally diverse, which are associated with a variety of toxicological and 
biological effects. Of these, mycotoxicosis is morbid entity determined by 
mycotoxins which enter the body with the feed in that was developed by toxic fungi. 
In order to trigger the disease, mycotoxins do not needs the presence of fungi and 
sometimes even not the substrate in which have been developed (1, 4, 8). It is also 
recognized for a long time the marked immunosuppressive effect on the animals 
that ingest mycotoxins in smaller doses that ones can trigger the intoxication 
phenomena (2). 

Immunomodulation induced by mycotoxins is significant because their 
ingestion or inhalation have an etiological contribution to diseases based on 
immune dysfunction or increased susceptibility to infectious agents and neoplasms. 
Research about mycotoxins action upon factors involved in natural and acquired 
immunity are relatively new and most refer to aflatoxins (4, 5, 6, 8). Mycotoxins 
affect both specific immune effectors (cells, antibodies) and non-specific ones 
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(lysozyme, properdin, complement system) (2). 
 

Materials and methods 
 
The investigations were performed on ten 12-week-old piglets divided into 

two experimental groups: (1) Group C (control) consisting of five animals fed with 
good quality feed and two times subcutaneous vaccinated (14 days apart), with 1 
ml vaccine against sheep contagious agalactia; (2) Group E (experimental) 
consisting of five animals fed 15 days with feed supplemented with mycotoxins at a 
dose of 2.5 mg / kg feed. 

Mycotoxins used were obtained after cultivation of one Aspergillus flavus 
strain on a medium containing 5% rice flour and 4% corn flour. Seeded medium 
was incubated ten days at room temperature, interval considered necessary to 
produce mycotoxins (7). 

To determine the type of mycotoxin Soxhlet extractor was used. The 
extract obtained after ethyl ether removal by evaporation on a water bath at 40°C 
was taken with a solution composed of chloroform and ethanol (9:1). 

For laboratory tests, the blood samples were collected by jugular vein 
puncture at the following intervals: at the beginning of the experiment, and at 10, 25 
and 35 days. Samples were processed in the laboratory of Microbiology 
Department, Faculty of Veterinary Medicine Timisoara, determining the following 
immunological parameters: properdin - by colorimetric method; lysozyme - simple 
radial diffusion assay in agar gel containing a culture of Micrococcus Iysodeicticus, 
total leukocytes were determined direct, using a hemocytometer; leukogram in 
blood smears stained by May-Grünwald Giemsa method; and antibody titer was 
established using immunoenzimatic assay. 

 
Results and discussions 

 
In swine, as in all mammals, the immune response to antigenic stimuli is 

largely influenced by the morpho-functional integrity of the body, in turn dependent 
zoohygiene conditions and diet. Mycotoxins entering the animal body interferes 
immune system by affecting both the specific (cells, antibodies) and non-specific 
effectors, humoral and cellular. 

Data obtained in experimental conditions after administering 2.5 mg 
aflatoxin/kg feed for 15 days in the piglets feed showed a decrease in nonspecific 
resistance, reflected in the dynamics of serum lysozyme and properdin (Table 1). 

Serum lysozyme decreased progressively during the experimental period 
in the animals from the experimental group, although those animals were 
stimulated by the vaccine against sheep contagious agalactia. 

Significant differences from the values recorded at the beginning of the 
experimental period are found after 25 days, which shows the cumulative action of 
the mycotoxin. We mention also a high variability of individual values (CV 13.65%) 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 285 
 

determined by the average daily consumption of feed with mycotoxins.  
 

Table 1  
Serum lysozyme and properdin - values recorded in the experimental period 

Specification  No. 
Lysozyme (μg/ml serum) Properdin (mg% serum) 

Group C Group E Group C Group E 

initial 

1 13.4 12.1 15.5 16.1 

2 12.0 13.5 14.8 15.8 
3 12.1 11.9 16.5 18.3 
4 13.8 14.5 17.6 17.4 
5 12.6 12.8 16.8 16.4 

X±Sx 12.8±0.71 12.9±0.95 16.2±0.98 15.8±0.92 
C.V. 5.56 7.33 6.06 5.49 

at 10 days 

1 13.8 10.5 16.8 14.5 
2 12.9 14.4 15.5 12.8 
3 12.3 10.9 17.6 11.6 
4 14.5 13.8 18.9 11.8 
5 13.6 12.4 18.5 12.6 

X±Sx 13.4±0.75 12.0±1.18 17.5±1.22 12.7±1.02 

C.V. 5.64 9.87 6.99 8.11 

at 25 days 

1 14.7 9.1 17.6 13.2 

2 13.9 9.8 18.5 10.4 

3 14.1 8.6 18.9 10.5 
4 15.6 12.3 19.1 9.8 
5 15.2 11.4 20.8 11.6 

X±Sx 14.7±0.64 10.2±1.39 18.9±1.04 11.1±1.2 
C.V. 4.36 13.65 5.50 10.8 

at 35 days 

1 14.6 8.9 18.5 15.4 
2 14.2 9.5 19.2 11.5 
3 15.1 8.5 20.4 12.6 
4 14.3 10.4 22.8 13.8 
5 12.9 10.3 23.5 14.5 

X±Sx 14.2±0.73 9.5±0.75 20.9±1.96 13.5±1.37 
C.V. 5.14 7.87 9.40 10.16 

Legend: x  = arithmetic mean; Sx = standard deviation; C.V. = variability coefficient 

  
In the animals from the control group (C) mean values of serum lysozyme 

are characteristic for a normal response after vaccination. Maximum value was 
recorded after the second vaccination, indicating a good reactivity of the animals. 
Comparative analysis of serum lysozyme dynamics during the experimental period 
in the two groups of animals shows that the values were substantially the same at 
the beginning of the experiment, significant differences occurring later. Serum 
lysozyme concentration in the animals of experimental group shows a gradual 
decrease, while those of the control group were maintained at a constant level. 

Properdin, as a major factor of non-specific resistance, had a characteristic 
evolution (Table 1). At the beginning of the experiment no differences were found, 
mean values of properdin being substantially the same without individual variation (CV 
below 10%); after ten days of mycotoxin exposure significant differences between the 
groups are found, which are maintained by at the end of the experiment. Thus, in the 
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25th day of experimental period, serum properdin in animals of experimental group 
was 11.1±1.2mg/ml serum, compared to 18.9±1.04 in control group. 

Differences between the two groups (C and E) were determined both by 
reducing of properdin synthesis in the experimental group animals (by the 
mycotoxin) and by stimulation of synthesis in the control group animals as a result 
of antigenic stimulus achieved by vaccination. These data suggest that mycotoxins 
interfere with protein metabolism, having serious repercussions on serum protein 
and on nonspecific defense factors synthesis. 

In consequence, mycotoxins cause nonspecific immunosuppression 
phenomena, suppressing or blocking both cellular and molecular events that induce 
the immune response and those that form the immune response expression.  

Analyzing the results obtained about the specific immune response 
obtained by immunoenzimatic assay test we noted that mycotoxins interfere in 
antibodies synthesis (Table 2). 

 

Table 2  
Dynamics of humoral immune response (O.D.) 

Group Specification 
Experimental period 

initial at 10 days at 25 days at 35 days 

C 

1 17.5 25.9 35.4 67.1 
2 18.9 27.5 26.2 69.3 

3 16.4 23.4 29.8 55.8 

4 17.8 26.8 33.9 64.7 

5 17.9 25.9 34.7 67.1 

X±Sx 17.7±0.80 25.9±1.38 34.0±2.23 64.8±4.73 

C.V. 453 5.35 6.56 7.29 

E 

1 17.3 18.4 25.1 25.7 
2 18.4 20.9 30.4 25.5 
3 19.6 20.7 29.9 33.4 
4 185 21.6 30.5 36.3 
5 18.7 22.9 32.6 38.1 

X±Sx 18.5±0.73 20.9±1.47 29.7±2.47 33.8±4.32 
C.V. 3.97 7.02 8.34 12.78 

Legend: x  = arithmetic mean; Sx = standard deviation; C.V. = variability coefficient,  

O.D. = optic density  
 

If in the control group-vaccinated animals‘ antibody levels have an upward 
dynamic with maximal values at the end of the experimental period, in those from 
the experimental group (mycotoxins/vaccine), no significant differences from 
baseline were founded. Appreciable differences between the two groups appear 
after ten days, which is increasing during the experimental period. 

Mycotoxins have a strong inhibitory effect on the antibodies synthesis as a 
result of ribosomal RNA blocking and messenger RNA alteration. Significantly lower 
antibody titer in animals that received the mycotoxins, compared to the control group, 
confirmed the inhibitory effect of mycotoxins on the antibodies synthesis.  

Mycotoxins exhibit its immunosuppressive effect also by destruction of 
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immunocompetent cells through a cytotoxic mechanism reported by many authors. 
This effect is expressed in numeric reduction of cells involved in antigens‘ coupling 
and processing. Quantification of mycotoxins‘ immunotoxic action was made by 
determining the WBC and leukogram (Table 3 and 4). 

 

Table 3 
Leukogram in control group animals 

Specification  

Experimental period 

Initial At 10 days At 25 days At 36 days 

X±Sx C.V. X±Sx C.V. X±Sx C.V. X±Sx C.V. 

WBC (mm
3
) 

8840.2 
±506 

20.8 
9046.1 
±477 

20.7 
10.207 
±410 

17.3 
10.350 
±527 

14.1 

Neutrophils 28.0±0.7 3.9 56.8±0.6 3.8 50.6±0.7 4.8 44.3±1.1 8.6 

Eosinophils 1.3±0.1 36.7 1.3±0.1 36.7 1.3±0.1 36.7 1.2±0.1 35.6 

Basophils 1.1±0.1 32.5 1.1±0.1 25.7 1.2±0.1 35.6 1.1±0.1 32.5 

Lymphocytes 36.0±0.6 5.6 37.2±0.5 4.8 43.4±0.6 5.1 50.8±1.2 8.2 

Monocytes 3.6±0.1 14.0 3.6±0.1 14.6 3.5±0.1 14.9 2.6±0.2 17.9 

Legend: x  = arithmetic mean; Sx = standard deviation; C.V. = variability coefficient 

 

Table 4 
Leukogram in experimental group animals 

Specification 

Experimental period 

Initial Initial Initial Initial 

X±Sx C.V. X±Sx C.V. X±Sx C.V. X±Sx C.V. 

WBC (mm
3
) 

8928 
± 793 

21.7 
9385.1 
± 662 

17.2 
7700.0 
± 594 

16.7 
1767.4 
± 217 

6.7 

Neutrophils 59.8±0.8 3.4 59.8±0.5 2.0 59.6±0.9 3.6 58.5±0.6 2.4 

Eosinophils 1.1±0.1 33.1 2.5±0.1 33.1 2.9±0.2 37.9 2.3±0.2 37.9 

Basophils 1.0±0.1 33.1 1.1±0.1 33.1 1.3±0.12 37.9 1.3±0.12 37.9 

Lymphocytes 37.4±0.7 5.2 33.2±0.4 2.8 32.6±0.7 4.9 39.1±0.6 4.2 

Monocytes 3.4±0.2 14.8 3.4±0.2 15.6 3.6±0.2 14.9 3.7±0.3 20.3 

Legend: x  = arithmetic mean; Sx = standard deviation; C.V. = variability coefficient 

 
Our data indicate that the control group animals (vaccinated) total number 

of leukocytes remain within physiological limits characteristic for species and age, 
while in the experimental group (mycotoxins/vaccine) has been a progressive 
decrease because of mycotoxin consumption. Significant differences between the 
two groups are recorded only at the end of the experimental period. Leukogram 
presents different issues from one group to another.  

If in the control group animals there was a significant increase in 
lymphocytes and neutrophils/lymphocytes ratio is reversed after the second 
vaccination, a change characteristic for specific immune response, in the 
experimental group animals the number of lymphocytes decreased, although they 
benefited from antigenic stimulus by vaccination. 

Reduction of leukocytes number, especially of lymphocytes and monocytes, 
specialized cells of the immune system, shows that mycotoxin administered in feed 
for 15 days at a dose of 2.5 mg/kg feed has a strong cytotoxic effect. Evolution of 
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leukogram during the experimental period in the two groups of animals are 
correlated with data obtained by immunoenzimatic assay. 

 
Conclusions 

 
Mycotoxins given in feed to piglets for 15 days at a dose of 2.5 mg/kg feed 

induce an immune deficiency condition, due their immunosuppressive effect on the 
specific and non-specific immune effectors.  

Serum lysozyme and properdin, as nonspecific factors, have much lower 
averages than those recorded in control group animals. Significant differences were 
recorded at end of the experiment, which shows the cumulative effect of the mycotoxin.  

The cytotoxic effect of mycotoxins is expressed by reducing the number of 
lymphocytes and monocytes, cells involved in specific immune response.  

Decreased antibody titer in animals from experimental group shows the 
immunosuppressive effect of mycotoxin on the humoral immune response. 
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Summary  

 
The aim of the present study was to establish the techniques for induction of 

immunotolerance in allogeneic transplantation using mixed hematopoietic chimeras. There 
have been used 90 embryonated eggs (Cobb 500 hybrid embryos) which were inoculated 
during incubation with bone marrow mononuclear cells derived from Ross hybrids, isolated 
on Ficoll-Paque, and labeled with PKH2 dye. Three methods for inducing immunotolerance 
to allogeneic material were used: inoculation into chorioallantoic vessel, allantoic sac, and 
vitelline sac, at 9

th
, 6

th
 respectively 5

th
 day of incubation. After hatching, the resulting birds 

were tested for hematopoietic mixed chimerism, donor-recipient compatibility, and distribution 
of T cells subsets. Further checking was done by donors‘ skin transplantation on recipient 
poultries at the age of four weeks.  

Intervention in 6
th
 and 5

th
 days of incubation yielded mixed chimerism (persistence 

of donor‘s leukocytes in recipients‘ peripheral blood), donor-recipient compatibility, and 
changes in lymphocyte profile (this means specific tolerance to antigenic material used in 
tolerance induction). Although skin allografts out-come was significantly improved compared 
to control groups, grafts‘ rejection indicate the absence of systemic immunotolerance status. 

Key words: specific immunotolerance, systemic immunotolerance, mixed 

chimerism, allogeneic transplantation, poultry 
 

Transplantation of cells, tissues and organs is an issue warranting attention 
by both researchers and clinicians, being a therapy of limit situations and, most often, 
the last hope of a wide range of patients with irreversible functional organs‘ failure. 

Demand for organs and tissues (1, 2) and incapacity to improve the 
allografts‘ outcome using immunosuppressive chemotherapy which, moreover, is 
associated with significant adverse effects (6, 7, 9, 10, 12), made it necessary 
approach of transplantation from another perspective, that is specific or general 
immunological tolerance to the donors. 

In the 50 years since the establishing of its principles, immunotolerance 
gradually emerged as a true ―Holy Grail‖ of transplantation medicine (519, 534), 
becoming a definite solution to improve the allografts‘ outcome without 
immunosuppressive chemotherapy.  

All these research‘ directions have allowed this study, whose general 
objective is establishing the techniques for induction of immunotolerance in 
allogeneic transplantation using mixed hematopoietic chimeras. 
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Materials and methods 
 
Biologic material: 90 embryonated eggs (Cobb 500 hybrid embryos, AVE 

IMPEX SRL, Romania), as recipients, and three Ross hybrids, as donor birds.  
Antigenic material: allogeneic bone marrow mononuclear cells were 

used. Cellular concentrates were obtained after processing of bone marrow 
samples, aspirated from tibial and femoral medullary cavity of donor birds, by 
centrifugation on Ficoll-density gradient. Mononuclear cells were labeled with PKH2 
dye, according to PKH2 Green fluorescent cell linker mini kit protocol. 

Inoculation of allogeneic cells was performed into chorioallantoic vessels 
(day 9 of incubation), allantoic sac (the 6

th
 day of incubation), and vitelline sac (the 5

th
 

day of incubation), resulting in 3 experimental groups. Each experimental group was 
linked to a control group, with an equal number of birds (Table 1). 

 
Table 1 

Experimental scheme  

Donor Recipients Inoculation method 
Intervention day 
(incubation day) 

No. of resulted 
viable poultry 

H 1 30 embryonated eggs 
into chorioallantoic 

vessels 
9 11 - E1 group 

H 2 30 embryonated eggs into allantoic sac 6 14 - E2 group 

H 3 30 embryonated eggs Into vitelline sac 5 16 - E3 group 

 
After hatching, the following aspects were evaluated: 
- hematopoietic mixed chimerism – by flow cytometry, using FACSCalibur 

flow cytometer; evaluation was focused on 14-days-old birds from experimental 
groups obtained after inoculation of allogeneic bone marrow mononuclear cells 
stained with PKH2; purpose - highlighting the persistence of donor‘s cells used to 
induce immunological tolerance to allografts; 

- donor-recipient compatibility – 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 - by flow cytometry using FACSCalibur 
flow cytometer; after marking of peripheral blood lymphocytes with anti-CD3, CD4, 
CD8, CD45RA, CD28, and CD25 fluorochrome-conjugated monoclonal antibodies; 
five birds/experimental and control group were assessed. 

Birds from experimental and control groups were subjected, at the age of 
one month, to full thickness skin grafts transplantation. In each group, the donors of 
skin grafts were identical to the allogeneic cells donors. 

Skin grafts were clinically monitored daily, in the first five days post-transplant, 
and then every 48-72 hours, recording 18 macroscopic parameters. Thus, we could 
determine the type of graft‘s rejection: hyperacute (in the first two days post-
transplantation), acute (3-90 days) or chronic rejection (after 90 days). Skin xenografts 
were considered rejected when necrosis was found on more than 50% of their surface. 
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Results and discussions  
 
After evaluation of mixed chimerism by flow cytometry, the following results 

were obtained: 
- negative status in birds from E1 group; 
- positive status in 21.42% birds from E2 group, with a low allogeneic leukocytes‘ 

level in the recipients‘ peripheral blood (0.04 - 0.53%) – fig. 1A, which falls below the 
minimum allowed for macrochimerism, 1% respectively (4, 5); 

- macrochimerism in all birds from E3 group, with levels of allogeneic leukocytes 
between 1.48 and 2.18% (fig. 1B). 
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Fig. 1. Percentage representation of allogeneic leukocytes in recipient birds peripheral blood:  
A - E2/1, B - E3/5 

 
Mixed lymphocyte reaction shows: 

- only a partial compatibility with donor of allogeneic cells in E1 group (fig. 2a); 
- partial compatibility and absolute compatibility with donor in 64.29%, respectively 

35.71% birds of E2 group; 
- absolute compatibility with allogeneic cells‘ donor in E3 group (fig. 2b). 
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Fig. 2. Partial compatibility (A) and absolute compatibility (B) in mixed lymphocyte 
reaction (FL1: PKH2-donor‘s lymphocytes; FL2: PKH26-recipient‘s lymphocytes) 
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Inoculation of blood and bone marrow mononuclear cells in 9, 6 and 5-
days-old embryos had significant effect on the immune repertoire of the resulted 
birds in comparison with control groups C1-C3 (p < 0.001) (Table 1). 

 
Table 1 

The average percentage distribution of T lymphocyte subpopulations in birds 
subjected to bone marrow mononuclear cells inoculation during embryonary 

development and control birds 
Group Naïve T cells  

(%) 
Effector T cells 

(%) 
Memory T cells  

(%) 
Memory CD25

+
 T 

cells (%)* 

E1 X 19.39 37.68 46.08 11.18 

SD 3.40 3.05 2.39 1.08 

CV 0.17 0.08 0.05 0.09 

C1 X 59.96 17.05 22.24 6.10 

SD 4.80 1.99 3.09 1.15 

CV 0.08 0.11 0.13 0.18 

E2 X 17.93 49.18 32.88 12.45 

SD 3.19 5.29 4.94 2.33 

CV 0.17 0.1 0.15 0.18 

C2 X 61.05 20.12 18.81 5.87 

SD 3.02 2.81 2.62 1.12 

CV 0.04 0.13 0.13 0.19 

E3 X 19.88 47.95 32.16 12.53 

SD 4.03 4.12 2.16 2.10 

CV 0.19 0.08 0.06 0.15 

C3 X 60.79 20.51 20.69 5.53 

SD 3.08 3.75 2.77 0.99 

CV 0.05 0.18 0.13 0.17 
* proportion of memory CD25

+
T cells was determined from the values obtained for memory T cells 

CD45RA
-
CD28

+
 
 

 
Skin allografts were rejected in the first 5-7 days post-transplant in control 

groups C1-C3, and up to nine days in E1 group. This interval is comparable to that 
found in rejection of skin grafts associated to B complex incompatibility, 5-8 days 
respectively (3, 8). 

Cellular profile changes, partial or absolute compatibility with the donor, 
and the persistence of allogeneic cells in peripheral blood of recipient birds have 
resulted in prolongation of skin grafts‘ viability in E2 and E3 groups (rejection in 14 
and 28 days after transplant). 

As noted, the positive bone marrow cells, namely induction of mixed 
chimerism, donor-recipient compatibility in most cases, and changes in lymphocyte 
profile, did not materialize in skin allografts tolerance.  

These results seem paradoxical, especially when the inoculation in the 
vitelline sac (5

th
 day of incubation) of bone marrow cells yielded the 

macrochimerism status and absolute compatibility with donor of allogeneic cells. A 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLIV(1), 2011, TIMIŞOARA 
 

 293 
 

possible explanation of this phenomenon could be the "incomplete" character of 
antigenic material, B-cell precursors in the bone marrow being detected only during 
embryonic development (11). Also, the bone marrow of adult birds has a reduced 
hematopoietic activity, which limits the number of "useful" cells in the antigenic 
material inoculated. 

Another possible explanation is the presence of tissue antigens, strictly 
specific to skin, which may induce graft rejection (7). 

 
Conclusions  

 
Bone marrow mononuclear cells are the optimal antigenic material for 

immunotolerance induction, as confirmed by the results of the evaluations regarding 
hematopoietic mixed chimera status, compatibility to allogeneic cells donor, and 
lymphocyte profile. 

From the three techniques used to induce immunotolerance during 
embryonic development, the inoculation into vitelline sac was associated with the 
most significant effects on monitored parameters. 

The level of tolerance induced by inoculation into vitelline sac in 5
th
 day of 

incubation of the allogeneic bone marrow mononuclear cells fall into characteristics of 
specific immunotolerance. 

Induction of hematopoietic mixed chimera status does not guarantee 
acceptance of skin allografts. 

The upper limit of ―immunological window‖ in chicken embryos is the 6
th
 day of 

incubation. 
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Summary  

 
In this study the dynamics of airborne fungi from the indoor poultry house was 

determined using the sedimentation method. The air samples were collected during the four 
seasons of the year 2010, twice per month. The geometric means of fungi from the indoor 
poultry house varied from 5.68 x 10

3
 to 16.78 x 10

3
  colony forming units (CFU/ m

3
) along of 

the tested period. The highest cultivable fungi concentration was recorded in autumn month 
and lowest ones in the spring period. The fungi identification revealed eleven species 
ascribe to eight fungal genera and from which were taken in consideration only four 
(Alternaria, Aspergillus, Cladosporium, Penicillium) that are recognized for the implication in 
human air allergy and poultry disease. Aspergillus had a highest proportion (50.2%), 
followed by Penicillium, Alternaria and Cladosporium. 

Key words: fungi, dynamics, poultry houses 

 
In the intensive breeding systems poultry are exposed continuously to big 

concentrations of microorganisms that will not be found in natural habitats. It is well 
known that such exposure has adverse effects on health and productivity, which 
have been described for poultry (5). 

From the all types of microorganisms that could be present in poultry 
house the airborne fungi represent an important factor that affect the health of 
working personal and poultry  

There are numerous reports on health outcomes in occupants exposed to 
airborne fungi and their biologically active products (1, 2, 6).  

Recent studies have shown that spore release allergens during their 
germination. Viable spores may release more allergens than the dead ones after 
depositing in the respiratory system (9, 10). 

There are recognized that all airborne fungi sampling have several 
limitations as reproducibility, selection of sampling place and time and 
underestimation of total number of fungal propagules (8). The sedimentation 
method is using when species or genera level identification is needed 

The objective of this study was to investigate the seasonal dynamics of 
airborne fungi in a poultry house environment and potential evaluation of possible 
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risk for poultry health and for respiratory diseases in the occupants as a result of 
exposure to those fungi species. 

 
Materials and methods 

 

The study was done in a poultry house from one farm nearest from 
Timisoara, Romania. This poultry house had 55 meters in length, 18 meters in 
large and around 3 meters in height. Inside the house there were Isa Brown hens 
breaded in pyramidal cages disposes on six lines. The medium bird density was 
four per cage.  The examined poultry house had natural ventilation.  

During the experimental period - year 2010 - the samples were collected 
two times in a month.  

The sedimentation method has been used for the air borne fungi sampling. 
Were used Petri dishes with the radius of 90 mm, which were filled with 15 ml of 
Sabouraud Dextrose Agar and antibiotic. The plate‘s exposure time used was 15 
minutes 

Air samples were taken during the birds resting period (between 13:00 and 
14:00 h), from in the front, in the left and right side of the middle and on the end of 
poultry house, in the level of 50 cm from the floor. After the sampling the plates 
were incubated at 25 ºC. The concentration of viable environmental fungi were 
expressed as colony forming units per one cubic meter of the air (cfu/m

3
) For the 

identification of the isolate, the purified fungal cultures were transferred onto malt 
extract Czapek. Their cultural and morphological characteristics were studied 
employing light microscopy. Identification to the genus and/or species was 
performed according to different manuals (3, 12). 

The obtained data were processed using Microsoft Excel XP and Statistica 
5.1 softwared. 
 

Results and discussions 
 

In Table 1, the mean values for fungi numbers on this study found in a 
poultry house from a farm nearest from Timisoara, are presented. 

The greatest value of the airborne fungi concentration was recovered in fall 

months with a maximum in October when the mean CFU  SE / m
3
 was 16.20 x 

10
3 

± 553.18. Also, in summer mounts were observed a high concentration of fungi 
in the air with a maximum value in august when the mean value of total fungi in one 
cub meter was 13.82 x 10

3 
± 2116.22. The lowest value of the airborne fungi loud in 

the indoor of the study house poultry was recorded in spring, in March (7.01 x 10
3 

± 
133.82) followed by February (7.58.x 10

3 
± 269.95). 
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Table 1 
The mean values for fungi numbers in a poultry house  

Sampling 
data 

The concentration of the fungi 
 

in the 
house 
front 

in the left 
side of the 

house’s 
middle 

in the 
right side 

of the 
house’s 
middle 

on the 
house end 

Month medium value on 
the broiler house 

(mean CFU   SE / m
3
 of 

air) 

03.01.10 8.56 x 10
3 

8.46 x 10
3 

8.75 x 10
3
 8.51 x 10

3
 

8.48 x 10
3 
± 137.09 20.01.10 8.46 x 10

3
 8.44 x 10

3
 8.32 x 10

3
 8.32 x 10

3
 

08.02.10 7.52 x 10
3
 7.86 x 10

3
 7.72 x 10

3
 7.98 x 10

3
 

7.58.x 10
3 
± 269.95 20.02.10 7.21 x 10

3
 7.41 x 10

3
 7.32 x 10

3
 7.65 x 10

3
 

03.03.10 7.10 x 10
3
 6.98 x 10

3
 7.15 x 10

3
 7.11 x 10

3
 

7.01 x 10
3 
± 133.82 19.03.10 6.89 x 10

3
 6.76 x 10

3
 7.10 x 10

3
 6.94 x 10

3
 

02.04.10 5.68 x 10
3
 9.56 x 10

3
 7.56 x 10

3
 8.45 x 10

3
 

8.22 x 10
3 
± 1458.08 09.04.10 9.65 x 10

3
 6.74 x 10

3
 8.56 x 10

3
 9.56 x 10

3
 

14.05.10 9.68 x 10
3
 7.12 x 10

3
 9.51 x 10

3
 9.63 x 10

3
 

9.53 x 10
3 
± 1224.11 23.05.10 9.65 x 10

3
 9.10 x 10

3
 10.10 x 10

3
 11.56 x 10

3
 

06.06.10 10.10 x 10
3
 9.86 x 10

3
 9.97 x 10

3
 11.01 x 10

3
 

10.39 x 10
3 
± 836.17 28.06.10 9.04 x 10

3
 10.22 x 10

3
 11.19 x 10

3
 11.50 x 10

3
 

07.07.10 9.14 x 10
3
 9.65 x 10

3
 9.78 x 10

3
 10.12 x 10

3
 

9.93 x 10
3 
± 698.53 20.07.10 9.21 x 10

3
 9.97 x 10

3
 10.22 x 10

3
 11.36 x 10

3
 

10.08.10 15.90 x 10
3
 12.62 x 10

3
 11.88 x 10

3
 17.75 x 10

3
 

13.82 x 10
3 
± 2116.22 25.08.10 14.78 x 10

3
 12.32 x 10

3
 12.11 x 10

3
 13.24 x 10

3
 

08.09.10 16.48 x 10
3
 14.15 x 10

3
 15.23 x 10

3
 14.12 x 10

3
 

15.16 x 10
3 
± 1021.82 22.09.10 16.86 x 10

3
 14.56 x 10

3
 14.98 x 10

3
 14.89 x 10

3
 

07.10.10 16.78 x 10
3
 16.10 x 10

3
 15.99 x 10

3
 15.10 x 10

3
 

16.20 x 10
3 
± 553.18 21.10.10 16.69 x 10

3
 16.70 x 10

3
 16.21 x 10

3
 16.01 x 10

3
 

06.11.10 15.78 x 10
3
 15.92 x 10

3
 15.96 x 10

3
 15.20 x 10

3
 

15.30 x 10
3 
± 623.48 25.11.10 14.98 x 10

3
 15.10 x 10

3
 15.40 x 10

3
 14.07 x 10

3
 

09.12.10 12.06 x 10
3
 12.56 x 10

3
 13.78 x 10

3
 13.24 x 10

3
 

10.22 x 10
3 
± 4079.88 28.12.10 9.56 x 10

3
 9.87 x 10

3
 9.65 x 10

3
 10.10 x 10

3
 

 
The evolution of fungi concentration in all year period is presented in figure 

1. It could be seen that in spring months the concentration is lower that in the 
summer and especially in the autumn period. The average airborne fungi number 
during the spring months were 1.95 lower than autumn and 1.43 than summer. 
Shelton et all. (11) have shown that fungal concentration in America Midwest 
generally reaches the lowest level in winter season, increasing through the spring 
and peaks during summer and fall seasons. The obtained results in this study are 
difficult to compare with those obtained by Shelton et all. (11) because their work 
were done in America and their studies took in consideration only houses. Also, it is 
difficult to compare with the studies done on swine or cattle‘s hoses especially that 
those were not evaluated the fungi dynamic. 
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Fig .1 The dynamic of fungi numbers in the air of poultry house 
 
 

The proportion of the fungi species identified in air samples from the two 
broiler houses are presented in table 2. 

Eleven species ascribe to eight fungal genera were isolated and identified 
from the investigated poultry houses. Species from the genera of Aspergillus P. 
Michelli and Penicillium Link, made up a vast majority of the identified isolated. 
From all isolated species the fungi from Aspergillus genera were predominated 
(50.2%) followed by those from Penicillium genera (33.9). 

From those Aspergillus fumigatus and Aspergillus flavus prevailed and 
made up 31.7 and 8.7 % of all the identified isolates. The others Aspergillus (A. 
orizae, A. candidus) species were presented in proportion of 9.8% from the total of 
isolated fungi. Penicillium genus was represented by Penicililum expansum 
(21.2%), Penicillium crysogenum (8.8%) and Penicillium aurantiogryseum (53.9%) 
from all isolated fungi. The other isolated fungi species were ascribe to Alternaria, 
Rhizopus, Mucor, Fusarium, Cladosporium and Scopulariopsis genera. 
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Table 2 
The proportion of the fungi species identified in air samples  

from poultry houses 

Fungi species 

The proportion of 
fungi species 

identified in air 
samples from the 
two broiler houses 

(%) 

Aspergillus fumigatus 31.7 

Aspergillus flavus 8.7 

Aspergillus orizae,  6.3 

Aspergillus candidus 3.5 

Penicililum expansum 21.2 

Penicillium crysogenum 8.8 

Penicillium aurantiogryseum 3.9 

Alternaria sp. 3.8 

Rhizopus sp. 2.8 

Mucor sp. 3.2 

Fusarium sp. 3.2 

Cladosporium sp. 2.2 

Scopulariopsis. sp. 0.7 

 
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, 
7, 13). 
 

Conclusions 
 

The greatest fungi concentration found inside of poultry houses during one 
year period indicate that the indoor environment provides best conditions for 
airborne fungal spores. 

The pilot data from this study will help in understanding poultry and human 
exposure to airborne fungi  

Presence of opportunistic fungi from Aspergillus genus poses a risk of 
invasive aspergillosis in farm workers and in poultry. 

Majority of identified fungal species are characterized as potential allergens 
and exposure to their spores may provoke immune responses in the susceptible 
individuals 
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Summary  
 

The aim of this paper was to perform a screening of milk quality and 
wholesomeness of milk sold from vending machines in Timisoara (Banat County), in order to 
provide to the consumers and inspectors, an image of raw milk salubrity sold on this type of 
market. The chemical composition of milk (protein, fat, lactose solids non-fat and total 
solids), freezing point, number of milk somatic cells, residues of antibiotics and total number 
of germs were determined. The overall compliance of milk samples from two automatic milk-
producing unit A showed a low percentage of compliance regarding the number of germs 
(25%). In a much smaller proportion were found exceeded permissible limits and the number 
of somatic cells (25%) and presence of inhibitors (16%). The percentage of non-compliant 
samples for machines supplied with milk from unit B was as follows: 38.5% for inhibitors, 
92% for TNG, 70% NCS and 30% water added. The percentage of non-compliant samples 
collected and analyzed for milk machine C was 100 for TNG, 12.5 for the SCC and 18 for the 
presence of inhibitors. Significant variations of chemical composition determined the 
marketing of products with inconsistent nutritional value. The presence of antibiotic residues 

in milk sold in some automatic machines makes the products dangerous to the consumer.  
Key words: raw milk, chemical composition, salubrity, vending machine 

 
The direct sale of food egg, milk, eggs, honey, by limiting the quantity that 

may be sales, has been regulated in sanitary veterinary terms since 2010 (5).  
Basically this system allows small farmers, on the one hand, to enlarge the sale 
market, on the other hand, allowing the consumer to have access to fresh, 
unprocessed products, directly from the producer. 

The existence of poorly organized markets for selling milk in our country 
and associations of milk producers weak represented which could be able to 
negotiate with processors the price of milk, led to the current situation, where more 
and more farmers chose this system for sale of milk by the direct sale for a part of 
theirs production of milk produced on the farm. Thus, they can obtain, on the one 
hand, a better price for the product sold, and on the other hand can more easily sell 
raw milk with a dropping of control. 

Raw milk is an extremely nutritive product for the consumer if it has all the 
components in appropriate proportions. At the same time, this product could be 
dangerous for the consumer through the microorganisms contained if that exceed 
the limits established by EU law. 
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 The aim of this paper was to perform a screening of milk quality and 
wholesomeness of milk sold from vending machines in Timisoara (Banat county), in 
order to provide to the consumers and inspectors, an image of raw milk salubrity 
sold on this type of market. 

 
Materials and methods 

 
The chemical composition of milk (protein, fat, lactose solids non-fat and 

total solids) was analyzed utilizing the infrared spectroscopy with Lactoscope 
device (Delta Instrument). The freezing point of milk was measured utilizing the 
device Cryostar (Funke Gerber). For accurateness each sample were analyzed by 
two tests performed, the result being represented by averaged of analysis. The 
number of milk somatic cells was evaluated using SCC NucleoCounter 
(Chemometec) analyzer. This device detects the somatic cells of milk on the basis 
of signals emitted by cellular DNA, previously treated with a fluorescent substance 
after cell membrane lysis with a reagent and the identification and cell counting was 
done by computer. To identify the residues of antibiotics and others inhibitory 
substances in milk (beta-lactam, tetracycline, sulfonamides, sanitizing substances) 
the test Eclipse (Imunotec) was used, which is based on the detection of bacterial 
growth inhibition of Bacillus stearothermophilus. The total number of germs 
according to standards was performed (10). 
 
 

Results and discussions 
 

The results obtained following physico-chemical milk analysis from milk 
machines were different. The differences in the quality and safety of milk from a 
vending machine to another, from one crop to another and from one season to 
another, were observed. 

Milk from the vending machine noted in the paper A (selling milk in two 
automated, A1 and A2) presented a fairly constant chemical composition with very 
limited variations from one sampling to another, still the values obtained were 
within the limits set by standards for raw milk cow (9). Thus, overall, the percentage 
of milk fat samples analyzed ranged from 3.49 to 4.02, the protein showed 
variations from 2.29 to 4.8%, lactose from 4.3 to 49% and SUT presented 
variations between 8.7 and 13.1%. Of all the components of milk lactose only 
presented the smallest variation. The milk from farm A did not present significant 
differences in chemical composition to be correlated with season or months in 
which the samples of milk were collected and analyzed. Samples of milk from the 
machine showed the following variation A1 chemical composition: fat from 4.03 to 
4.48% protein ranged from 3.51 to 4.02%, lactose at 4.7 to 4, 84, and SUT from 
12.28 to13.28%. 
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The components variation of milk from vending machineA2 were similar, so 
as expected, with the components variation milk from machine A1 milk belong to 
the same farm. Thus, fat ranged from 4.02to4.82 %, from 3.49 to 3.98% protein, 
lactose from 4.7 to 4.95% and from12.23 to 13.36%SUT. On a single sampling and 
only for two of the analyzed chemical indicators (fat and SUT) values obtained 
were below the limits set by regulations (9). 

Freezing point values of all samples of milk, from the vending machine 
belong to the farm A, were within the limits set by regulations, the limits of variation 
ranged from 0.5165 to-0.5358°C. 

 

 
 
Fig.1.Percent of non-compliant samples from vending machine A 

 . 
This constant chemical composition of milks old through vending machines 

A1 and A2 milk let us to say that feeding cows on the farm in question is 
appropriate, so that the marketed product contains all the nutrients inappropriate 
amounts. The composition found from the analysis of the automatic milk is 
representative for milk from cows of the breeds from the Western Romania and 
presented in previous works (4). Stage of lactation is one of the factors of variation 
of milk composition on which the farmer has no means of action. But it is very 
important to know their influence, because with their help, can explain some 
variations in chemical composition, especially in milk mixture. 

The results of analysis of milk samples on the health indicators of milk sold 
from vending machines A1 and A2 are shown in. There were significant variations 
of health indicators from one sampling to another and from one indicator to 
another. The largest variation was recorded in the number of cells in milk from 21 
200 cells / ml to 678,000 cells / ml, with an average of 443,000 cells / ml. However, 
in only 25% of the samples analyzed exceeded the number of cells for collecting 
milk maximum established by EU standards (400,000 cells / ml) (8). Even if take 
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into consideration that the limit set by European legislation, represent an average 
from analysis of two samples per month, however in February and March in the 
analyzed samples would exceed this limit. Increasing the number of cells in milk 
can cause on the one hand, biochemical changes in milk composition and on the 
other hand can be dangerous for the consumer (4).The number of somatic cells in 
cow's milk is an indicator of health status of udder and quality of milk and is directly 
related to the cellular immune response after inflammatory stimulus act (3). 

In the U.S. a somatic index score is used for establishing a relationship 
between somatic cell count and mastitis in a herd of dairy cows. An index ranged 
between 4 and 5 (a number between 282,000 and somatic cell count 565 000 cells 
/ ml), similar to that obtained in the case of the automatic milk farm, indicates 
subclinical mastitis in cows but in a relatively low percentage. (2) 
The presence of inhibitory substances in milk over a maximum of 50 ppb / ml 
associated with a low number of bacteria present in milk once again confirms the 
assumption that in farm A there are subclinical mastitis in evolution (7). 
Also inhibitory substance residues in milk allows us to state that in the milk 
producing mastitis treatments are performed unit were performed and the legal 
attending period for eliminating the residues is not respected. Similar results were 
found in terms of total number of bacteria in analyzed samples. Thus, the microbial 
load of milk samples ranged from 10 000 cfu / ml to 789 000 cfu / ml. In most cases 
the values obtained were within the limits set by European law of 100 000 germs / 
ml (8). 

Only in three cases the values obtained exceeded this limit. The total 
number of bacteria in milk is an indirect indicator gives an indication of the 
presence of pathogens in milk and especially gives us information on hygiene in 
milking is carried out. A potential risk to consumers may occur especially if with an 
increased number of germ is found and an increased number of somatic cells. 
Looking at the overall compliance of milk samples from two automatic milk-
producing unit of A there is a low percentage of inconsistent evidence regarding the 
number of germs (25%). In a much smaller proportion were found exceeded 
permissible limits and the number of somatic cells (25%) and presence of inhibitors 
(16%) (fig. 1). 

Values obtained on analysis of milk from unit B and marketed through two 
automatic milk (B1 and B2) showed an increased variation of the chemical 
composition of milk. Milk samples collected from the machine B1 showed the 
following variations: fat ranged from 3.15 to 5.6%, from 3.21 to 3.71 protein, lactose 
from 4.01 to 4.7% and SUT from 10.39 to 13.09%. The largest percentage of 
variation was recorded for SUT, where the standard deviation was 1.7, followed by 
fat, protein and lactose. 
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Fig.2. Percent of non-compliant samples from vending machine B 
 
Lactose content of milk samples collected, although it varied widely, 

presented values below the average for collected cow milk (4.7%) for 90% of milk 
samples analyzed. In general, lactose (component that is synthesized in the 
mammary gland) varies very little, during lactation. Lactose content of milk is not 
influenced by season or diet, but is strongly influenced by the presence of udder 
disease when the function synthesis of mammary gland is affected (2,4). 

Analysis of the results on milk from machine sanitation B1 showed a 
surprising situation for us. In all samples of milk somatic cell count was greater than 
500,000 cells / ml, varying between 598 000 and 1.279000 cells / ml. The same 
surprising results were found and if the total number of bacteria in these samples. 
Microbial load of milk samples ranged from 95,500cfu / ml to 3,780,000cfu / ml. To 
75% of milk samples the number of germs found was lower than the limit permitted 
by the presence of antibiotics 50ppb/ml.The large number of somatic cells present 
in analyzed samples make somatic index 6, which allows us to appreciate that in 
this dairy herds are animals with clinical mastitis forms. 

Analysis of milk samples from B2 machine showed that the major non-
conformity in this case were for the number of germ and somatic cell count, 
achieving similar results to those of B1 machine. 

The chemical composition of milk samples analyzed, in most cases was 
different from that obtained for samples taken from B1machine even is supposed to 
come from the same farm. Thus the percentage of fat showed variations from 1.72 
to 4.84, the percentage of protein ranged from 3.19 to 3.57, from 3.98 to 4.78 
lactose and SUT content ranged from 10.06 to 13.04%.The percentage of non-
compliant samples found for machines supplied with milk from unit B was as 
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follows: 38.5% for inhibitors, 92% for NTGMA, 70% NCS and 30% water added 
(fig.2). 

The presence of antibiotic residues in 38% of the samples analyzed is a 
situation that worries us. Consumer offering for sale of such food is a dangerous 
practice, often found in our country, because there is a lack of control in this area. 
Danger of such food consumption is even greater as time may lead to the 
consumer of multiple antibiotic resistance phenomena (4, 9).Proper use of 
antibiotics and especially respect the period in which they are eliminated by milk is 
essential (1). If we compare the results of test performed on samples comes from 
those two automatic machines we hypothesize that does not contain milk coming 
only from a single farm. 

Sale of milk through milk vending is considered direct sales and is 
regulated by Order no. 55 of 2010, which states that milk vending machines are 
stocked only with milk from a single unit, not allowed to mix milk from more units(5). 
This statement is derived from the definition of direct sale to the consumer involves 
delivery of a limited quantity of a food product directly from the manufacturer or 
first-degree relatives and II levels (6).After analyzing samples of milk from farm C 
(sold by one automatic milk) the results on the chemical composition of milk does 
not differ essentially from those found for samples from the others automatic 
machines. Fat percentage was within the limits set by regulations (min. 3.5% for 
cow's milk mixture) with variations between 4.0 and 4.4%. 

Protein content of milk samples showed the lowest variation of all samples 
analyzed (from 3.43% to 3.75%). In 50% of the samples was below the lactose 
content of 4.7% and the value shown variations between 4.3 and 4.7. 
SUT content of milk samples showed a variation around the average quite low but 
higher than for other components of milk (variations between 11.75 and 12.86%). 
The total number of somatic cells from the samples exceeded the maximum 
allowed automatically and the European standards established by the 400,000 cells 
/ml (8). Somatic cell count ranged between 580,000 and 1.5 million cells /ml having 
a somatic score of 5-6, which means that the milk supply with clinical signs. 

The percentage exceeded 100 were found in terms of value NTGMA. 
(fig.3). Thus microbial load of milk samples exceeded constant the value of 
1,500,000 cfu/ml, reaching even 2,500,000 ufc/ml. Thus there were excesses for 
1,500 times the maximum permissible limit. 
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Fig.3.Percent of non-compliant samples from vending machine C 
 
The presence of antibiotic residues was found only in one sample. High 

microbial load, the high number of somatic cells and the lack of antibiotic residues 
in farm reinforce our conviction that in the cow farm C from which milk samples 
came are not apply any measure to combat the mastitis evolution,. 

The percentage of non-compliant samples collected and analyzed for milk 
machine was 100 for NTGMA, 12.5 for the NCS and 18 in the presence of 
inhibitors (fig. 3). Analysis of samples of milk from machine C revealed serious 
deficiencies in the application of milking hygiene measures associated with the 
development of clinical mastitis. 
 

Conclusions 
 

Milk sold in vending machines is not always an alternative in our region 
that offers real benefits to consumer in terms of nutritional value and safety.  

Significant variations of chemical composition determined the marketing of 
products with inconsistent nutritional value.  

The presence of antibiotic residues in milk sold in some automatic 
machines makes the products dangerous to the consumer.  

Samples found non-compliant in somatic cell counts and total microbial 
count reveals serious deficiency in dairy farms in terms of ensuring minimum 
conditions of hygiene in milking and udder health management. 
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