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IDENTIFICATION OF METHICILLIN RESISTANT 
STAPHYLOCOCCUS STRAINS BY THE DETECTION OF MEC 

STAPHYLOCOCCAL CHROMOSOME CASSETTE  
 

N. CĂTANĂ1, M. NECȘULESCU2, VIRGILIA POPA3, V. HERMAN1, IULIA 
BUCUR1 

 
1Banat’s University of Agricultural Sciences and Veterinary Medicine ”King Michael I 
of Romania” from Timisoara, Faculty of Veterinary Medicine, Calea Aradului, 119, 

Timisoara – 300645, Romania 
2S.N. Pasteur Institute S.A. 

3Military Medical Research Center 
E-mail epirovet_tm@yahoo.com 

 
Summary 

Methicillin resistance was first reported in S. aureus strains, but lately methicillin-resistant 
strains, included in other staphylococci species, have been isolated from animals and 
humans. Methicillin resistance is encoded by large genetic elements known as "mec 
staphylococcal chromosome cassette " (SCCmec). The research was made on a total of 50 
strains resistant to methicillin and oxacillin and susceptible to cefoxitin and included in 6 
staphylococcal species. The resistance to these three betalactams was studied using the 
Kirby-Bauer disk diffusion method. The Seeplex rapid MRSA Ace detection – Seegene kit 
was used  for the detection of this cassette, using multiplex PCR technique. Staphylococcal 
chromosome cassette mec was detected in a variable number of strains included in 6 
species as follows: S. aureus subsp. aureus: 18 positive strains and 2 negative strains; S. 
epidermidis: one positive strain and  4 negative strains; S. hycus: 7 positive strains; S. 
xylosus: 4 positive strains and one negative strain; S. intermedius/pseudintermedius: 4 
positive strains and one negative strain; S. sciuri: 5 positive strains and 3 negative strains. 
The results show the presence of mec staphylococcal chromosome cassette in a number of 
39 strains (positive), and its absence from a total of 11 strains (negative).  
The presence of this genetic element in coagulase negative and coagulase positive 
staphylococci strains demonstrates the expansion of methicillin resistance, a phenotypic 
character with zoonotic risk. 
Key words: mec gene, MRSA strains 

 
S. aureus subsp. aureus is an infectious pathogenic agent for both humans 

and animals, which may cause localized infection or septicemia. To this bacterial 
species the phenomenon of multiple antibiotic resistance is very common, 
especially to beta-lactams, due to some enzymes called beta-lactamases, whose 
synthesis is encoded by extrachromosomal genetic elements (2, 3). 

During the last, years, strains of S. aureus subsp. aureus resistant to 
methicillin were isolated, generically referred to as MRSA strains (methicillin 
resistant S. aureus). Genetic basis of resistance to methicillin are represented by 
mec staphylococcal chromosome cassette, which are mobile genetic elements 
made of: mec complex gene (mecA, mecR1 and mecO), a complex which encodes 
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the recombinases enzymes (crrA and crrB), the transposon Tn544, a copy of 
pUB110 plasmid and the insertion element IS431. These mec complexes can be 
either type A (1), type B (2), type C (3) or type D (4) (2, 3). 

In the last years, methicillin resistance has also been reported in coagulase 
positive and negative staphylococci of other species, demonstrating thus the 
expansion of this phenomenon, due to the acquisition of the mentioned genetic 
elements. 

The research was made in order to detect the mec chromosome  cassette 
in coagulase positive and  negative staphylococci strains, included in six species. 
 

Materials and methods 
 
The research was made on a total of 50 strains resistant to methicillin and 

oxacillin and susceptible to cefoxitin, classified in six species of staphylococci and 
definitive typified based on the glucidolytic activity. The resistance to these three 
beta-lactams was studied using the Kirby-Bauer disk diffusion method with 
methicillin (5 µg), oxacillin (1 µg) and cefoxitin (30 µg) biodiscs. 

In this research only mecA1 and mecA2 genes were detected. 
The bacterial DNA was obtained from isolated colonies, from each strain, 

using the rapid Seeplex MRSA ACE Detection Kit – Seegene. One colony was 
taken, from each strain and resuspended in the DNA extraction solution, present in 
this kit (2, 3).  
 The detection of mecA1 and mecA2 genes was performed using the primers: 

- mecA-1: 5'-GGGATCATAGCGTCATTATTC-3': 50 nmol; 
- mecA-2: 5'-AACGATTGTGACACGATAGCC-3': 50 nmol (2, 3). 

 For the amplification of bacterial DNA, the DreamTaq Green PCR Master 
Mix (2X) kit was used. The amplification conditions were 95°C-3 minutes; 95ºC-30 
seconds, 55ºC-30 seconds, 72ºC-1 minute (35 cycles) and the final extension of 
the reaction lasted 1 minute at 72°C (2, 3). 
 The detection of amplicons specific for the two genes, was performed by 
horizontal electrophoresis in 2% agarose gel, followed by immersing the gel in TAE 
1X electrophoresis buffer. This buffer contains ethidium bromide as a fluorescent 
agent, which becomes visible in UV light, allowing the visualization of the formed 
amplicons. The presence of amplicons with the size of 448 bp bands indicated the 
presence of the mecA1 and mecA2 genes (2, 3). 
 For correct results, 100 pb weight markers were used, namely a methicillin 
resistant S. aureus subsp. aureus strain as the positive control and ultrapure sterile 
water as negative control (2, 3). 

 
Results and discussions 

 
The results of the research on the detection of mecA1 and mecA2 genes 

are shown in Table 1. The analysis of these results shows that mecA1 and mecA2 
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genes were present in 39 strains, representing 78% of the tested strains. Most of 
the strains, on which were detected these two genes, were included in S. aureus 
subsp. aureus species. Furthermore, it is noted that these genes were also present 
in the most of the tested strains, included in other staphylococci species. 

In all strains of S. hycus, the two genes were detected governing methicillin 
resistance, which confirms that the pigs, through the staphylococcal species that 
carry them, are sources of infection with professional risk on the phenomenon of 
methiciliin resistance. 

The results confirm that even coagulase negative staphylococci included in 
S. xylosus and S. sciuri species, may be carriers of such genes, thus 
demonstrating the existence of methicillin resistance phenomenon in non-
pathogenic staphylococci. 

Presence of mecA1 and mecA2 genes in strains of S. intermedius/S. 
pseudintermedius species shows that the phenomenon of methicillin resistance is 
also present in opportunists staphylococci adapted to dogs and cats, from which, 
through direct contact, can reach out to humans. 

 
Table 1 

The results of the duplex PCR  
Crt.  
no. Species 

Result 
+ - 

1.  S. aureus subsp. aureus 18/20 2/20 
2.  S. epidermidis 1/5 4/5 
3.  S. hycus 7/7 0/7 
4.  S. xylosus 4/5 1/5 
5.  S. intermedius/pseudintermedius 4/5 1/5 
6.  S. sciuri 5/8 3/8 

TOTAL 39/50 11/50 
 

The duplex PCR detected these two genes encoding the phenomenon of 
methicillin resistance both in pathogenic and non-pathogenic staphylococci, 
demonstrating that these genes can be transmitted intra and interspecific between 
the staphylococci strains and the existence of the phenomenon of methicillin 
resistance points out the zoonotic risk of the carrying strains. 

After visualizing the 2% agarose gel, bands with length of 981 bp for the 
internal control and 448 bp for the detected genes were observed. Figure 1 
illustrates some of the products, namely for the internal control, positive control, 
negative control and 9 strains of staphylococci. Also, in this figure a negative strain 
of the detected genes is present. 
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Fig. 1. The presence of amplicons in some strains of staphylococci 
Line1 - 100pb marker weight, Line 2 – S. aureus MRSA positive control, Line 3 – S. 
hycus MRSH, Line 4 - S. hycus MRSH, Line 5 - S. hycus MRSH, Line 6 - S. aureus 

MRSA, Line 7 - S. aureus MRSA, Line 8 - S. aureus MRSA, Line 9 - nonspecific 
amplification, Line 10 - S. aureus MRSA, Line 11 - S. aureus MRSA 

 
Through this technique of molecular biology, 11 strains did not detect the 

mecA1 and mecA2 genes, strains that, were resistant to methicillin and oxacillin at 
the disk diffusion method, thus demonstrating the existence of some differences 
between molecular biology techniques and phenotypic method. 

These results prove that the duplex PCR technique, used to detect mecA1 
and mecA2 genes, has a higher degree of specificity and sensitivity compared to 
the phenotypic disk diffusion technique and allows the elimination of false negative 
or false positive results. It is a rapid method that can be taken as the current 
laboratory technique for the study of staphylococci strains searched for the 
phenomenon of methicillin resistance. Also, this technique eliminates the false 
results for staphylococci strains which has other resistance mechanism to 
methicillin than the mechanism encoded by the mec cassette gene. 

In recent years, the prevalence of methicillin resistant staphylococci strains 
isolated from animals and food increased, which is why there are screening studies 
on these strains both in Romania and in other countries. 

In Romania, Bicheru Simona et al. (2013, 2014) adapted a variant of the 
PCR duplex technique to detect the mecA1, mecA2 and nuc genes in strains of S. 
aureus isolated from humans. For this purpose, 54 strains included in S. aureus 
species were tested and the frequency of mec gene was 83.33% (2, 3). 

In order to study the methicillin resistant strains of staphylococci isolated 
from animals, Vanghelie Monica et al. (2012) optimized a variant of PCR multiplex 
for the detection of the mecA, nuc gene and 16S rRNA. Authors used the reference 
strains: S. aureus resistant to methicillin, S. aureus susceptible to methicillin and S. 
epidermidis (negative control). Based on the results, the authors recommend this 
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technique as a method of rapid detection, specific and sensitive of coagulase 
positive and coagulase negative staphylococci strains isolated from animals (7). 

The phenomenon of methicillin resistance is studied and monitored due to 
the zoonotic risk. In literature there is many data on the existence of this 
phenomenon in S. aureus subsp. aureus and other staphylococcal species, known 
as "non-S. aureus staphylococci ". 

Feng Y. et al. (2012) in China, focused on the prevalence of methicillin 
resistant strains of S. pseudintermedius isolated from pets in Guangdong province. 
During two years, the authors collected 898 samples of pathologic material from 785 
dogs and cats from this province. The authors isolated 144 strains of S. 
pseudintermedius, at which they observed the presence of SCCmec (mec 
staphylococcal chromosome cassette). Authors detected this cassette at a total of 69 
strains, namely 47.9% and also established the existing types of the mec gene (4). 

In 2013, Gindonis V. et al., in Finland, aimed the presence of mec genes in 
135 strains of S. aureus and in 324 coagulase negative staphylococci isolated from 
cows with mastitis. The presence of mec gene was detected in 1.5% strains of S. 
aureus and in 5.2% coagulase negative staphylococci. A total of 18 strains included 
in S. epidermidis species showed the SCCmec type IV (13/18) and SCCmec type V 
(1/18). Based on these results, the authors consider that the phenomenon of 
methicillin resistance was rare in S. aureus, but more frequent in coagulase 
negative staphylococci strains (5). 

In Canada, in 2013, Ameet Singh et al. followed the frequency of methicillin 
resistance in strains of S. aureus and S. pseudintermedius isolated from animals 
and the personnel from a veterinarian hospital. The authors studied 114 
staphylococci strains included in these two species, of which 20 strains (17.5%) 
were methicillin resistant. Among them, 4 strains (3.5%) were included in S. aureus 
species and 16 strains (14%) were included in S. pseudintermedius species. Based 
on these results, the authors found that methicillin resistant staphylococci strains 
are a risk factor in veterinary hospitals (1). 

Pletinckx L. J. et al., in 2013,  in Belgium, conducted a study on methicillin 
resistance in S. aureus strains isolated from pigs from two farms. The presence of 
SCCmec were detected by multilocus sequence typing technique (MLST) and 
MRSA ST398 strain was used as a positive control. The authors found that the 
prevalence of MRSA strains was 86.3%, thus demonstrating that the staphylococci 
isolated from swine are a reservoir of mec gene for humans (6). 

These results show the presence of the methicillin resistant phenomenon in 
staphylococci strains included in several species, from which the mechanisms for transfer 
and the genetic elements, governing this phenomenon, can be transmitted to humans. 
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Conclusions 
 

PCR duplex technique detected the presence of mecA1 and mecA2 genes 
to 39 staphylococcal strains, included in six species. 

This molecular biology technique used as a test for detecting the methicillin 
resistant staphylococci strains is rapid, sensitive and specific, and eliminates the 
false positive and false negative results provided by phenotypic tests. 

MecA1 and mecA2 genes were detected in both strains of S. aureus 
subsp. aureus and in low pathogenic or non-pathogenic staphylococci. 
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HUCHO) REARED IN A MOUNTAIN LAKE  
 

C. G. CERBU, MARINA SPÎNU*, CARMEN DANA ŞANDRU, 
EMOKE PALL, MIHAELA NICULAE, R.M. GIUPANĂ, DIANA 

IOANA OLAH, G. F. BRUDAȘCĂ 
 

University of Agricultural Sciences and Veterinary Medicine Cluj-
Napoca, 400372, 3-5 Mănăştur Street, Cluj-Napoca, Romania 

E-mail marinaspinu@gmail.com 
 
 

Summary 
Danube salmon is the largest representative of the Salmonidae family. The population, 
severely fragmented, has been listed as an endangered species by IUCN. Extinct in many 
parts of its habitat, data concerning the huchen is more than necessary for a better 
understanding of this phenomenon. The aim of the study is to describe, for the first time, the 
main blood parameters such as: red blood cell counts (ery mil/mm3), haemogoblin 
concentration (Hb g/dl) and hematocrit values (Hct %) of huchen reared in a mountain lake 
culture.  Healthy fish were anesthetized with tricaine methane-sulfonate (MS-222) and blood 
sampling was done from both males (n=15) and females (n=15) by puncturing the caudal 
vessels. In males, Hct (%) values averaged 46,6 while for females 46.38. Red blood cells 
count (mil/mm3) averaged 3,60 in males and 3,27 for females. Haemoglobin concentration 
(g/dl) averaged 15,11 for males and 13.83 for females. The reference (physiological) 
parameters can be defined by an upper and lower limit that covers the majority of the values 
obtained for healthy fish. 
Keywords: endangered, Danube salmon, huchen, blood parameters 

 
The Danube salmon is the best known representative of the genus Hucho, 

Günther, 1866, Salmonidae family (4). Currently, the species occupies only about 
25-30% of its original range in Europe, primarily because of river regulation, dam 
and reservoir construction, major water consumption by industry and agriculture, 
river pollution, and accelerated eutrophication (2, 4, 5). Extinct in many parts of its 
native habitat across its original range, the huchen is still present in Romania. The 
species was encountered in rivers like Tisa, Vișeu, Crișul Repede, Mureș, Bistrița 
and several lakes: Izvorul Muntelui (Bicaz), Pecineag, Vidraru and Brădișor (1). 
The species is endangered (EN) according to IUCN (3) and listed under Annexes II 
and V of the European Habitat Directive, as well as Appendix III of the Bern 
Convention (8). Management strategies will be most effective if they simultaneously 
combine knowledge of the genetic structuring of H. hucho populations and of the 
species’ biology (6). Establishing the physiological blood parameters for this 
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species represents a very important step forward in understanding and evaluating 
its capacity to adapt to environmental disturbances.  

The aim of the study is to describe, for the first time, the main blood 
parameters such as: red blood cell count (ery mil/mm3), haemogoblin concentration 
(Hb g/dl) and hematocrit values (Hct %) of huchen reared in a mountain lake 
culture. 
 

Materials and methods 
  

The research was carried out on a number of 30 mature, healthy Danube 
salmons (Hucho hucho), aged between 4 and 11 years (males: n=15, females: 
n=15) reared in a mountain lake in South-Central Romania, in 32 m2 special nets at 
a maximum depth of 4 m. The fish were anesthetized with tricaine methane-
sulfonate (MS-222, Western Chemical Inc., USA), and sampling was done by 
puncturing the caudal vessels. The blood was placed immediately in plastic EDTA 
tubes (BD Franklin Lakes, USA), and stored at 5o C for 3 hours, until processing.  
Water temperature when sampling was done was 5o C. 

Haemoglobin concentration (g/dl) was evaluated using an end-point 
method. For each sample, a quantity of 10 μl of blood was mixed with a 1000 μl of 
a 0,4% ammonia solution. The reading was made at room temperature, using a 
UV-vis spectrophotometer (Screen master touch, Hospitex Diagnostics, Italy) at a 
wavelength of 546 nm. 

For red blood cells count (ery mil/mm3), a quantity of 2,5 μl of blood was 
mixed with 1250 μl of Govers reagent. The reading was done at room temperature, 
using a UV-vis spectrophotometer (Screen master touch, Hospitex Diagnostics, 
Italy) at a wavelength of 546 nm. 

Hematocrit values (Hct %) were obtained using the micro hematocrit tubes 
(Vitrex medical, Denmark), after centrifugation at 12.000 rpm (Hettich, Germany). 

Statistical analysis was performed using Minitab 16.1.0. 
 

Results and discussions 
 

Following one-way ANOVA analysis, hematocrit levels (Table 1) averaged 
46.6 % for males and 46.4 for females, with no significant difference (p > 0.05) 
between the two.  The maximum and minimum values obtained for both males and 
females were 60.00 % and 28.00 % respectively.  
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Table 1 
Hematocrit levels (Hct %)  (mean, min, max, and standard deviation) of males 

and females included in the study 
Hct(%) 

Males Females M+F 
Mean 46.6a 46.4a 46.49 

Min 28.00 34.80 28.00 

Max 60.00 56.00 60.00 

St dev 10.43 5.66 8.25 
* Same lower-case superscripts within rows indicate no significant difference (p > 
0.05)  
 

Red blood cells values (Table 2) averaged 3.60 mil/mm3 for males and 
3.27 mil/mm3 for females, with no significant difference (p > 0.05) between the two. 
The maximum and minimum values obtained for both males and females were 5.38 
% and 1.49 % respectively.  
 

Table 2 
Reb blood cells values (mil/mm3) (mean, min, max, and standard deviation) of 

males and females included in the study 
Ery (mil/mm3) 

Males Females M+F 

Mean 3.60a 3.27a 3.44 

Min 1.49 2.10 1.49 

Max 5.38 4.31 5.38 
SD 1.01 0.56 0.82 

* Same lower-case superscripts within rows indicate no significant difference (p > 
0.05)  
 

Haemoglobin levels (Table 3) averaged 15.11 g/dl for males and 13.83 g/dl 
for females, with significant statistical difference (p < 0.05) between the two.  The 
maximum and minimum values obtained for males were 18.90 g/dl and 12.50 g/dl 
respectively. For females, the maximum value was 15.40 g/dl and the minimum 
was 11.45 g/dl. 
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Table 3 

Haemoglobin levels (g/dl) (mean, min, max, and standard deviation) of males 
and females included in the study 

Hb(g/dl) 

Males Females M+F 

Mean 15.11a 13.83b 14.47 

Min 12.50 11.45 11.45 

Max 18.90 15.40 18.90 

SD 1.88 1.31 1.72 
* Same lower-case superscripts within rows indicate no significant difference (p > 
0.05) 

 
Conclusions 

 
The study represents an important contribution to the current knowledge of 

Hucho hucho. From a veterinary point of view it is important to have a database 
with blood parameters of a species that is currently endangered.  

The environmental factors must be taken into consideration when 
evaluating the main blood parameters. Any change of these factors would be first 
translated into blood parameters modification. These current results can be used a 
starting point for further research related to huchen in different environments and 
conditions. Any comparison with further studies would help us to better understand 
the way the huchen adapts and how the environment and rearing system may 
influence its physiology. Also, an important element, as stated before by Rehulka 
et. al (2004) (7), is that the most thoroughly constructed haematological profile of 
fish requires repeated measurements is some cases. 
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Summary 

Brucella ovis infection is one of the major causes of subfertility or infertility in rams. It is 
clinically characterized by unilateral or bilateral epididymitis and orchitis. There is no 
evidence of infection for goats and cattle and no cases of transmission to humans have been 
reported so far. B. ovis spreads ubiquitously and it is passively transmitted among rams by 
venereal contact with sheep, which act as mechanical vectors hosting the bacterium in the 
vagina. However, there could be also direct infection among males, especially in extensive 
breeding, in which rams are housed together. Diagnosis of B. ovis infections is usually based 
on clinical examination, serology and bacterial isolation from semen samples.  
During 2015 B. ovis was isolated from sheep milk and from urine and epididymis samples of 
rams in Sicily. Therefore, it was decided to investigate the spread of this pathogen in our 
region. The goal of this study was to estimate the seroprevalence of B. ovis in Sicily. 
Samples from 608 rams farmed in five different Sicilian districts were tested for B. ovis 
antibodies by ELISA test. We found 68 sample (11.2 %) seropositive for antibodies to B. 
ovis. The highest prevalence was found in Caltanissetta district (16%), followed by Enna 
(9.6%) and Palermo (7.9%). This is the first screening in Sicily for this pathogen and the 
results here obtained will be useful to increase the attention to this disease and to take 
preventive measures useful to reduce the prevalence in Sicilian farms. 
Keywords: ovine, seroprevalence, Brucella ovis 
 

Brucella ovis is a gram-negative coccobacillus, the causative agent of 
unilateral or bilateral epididymitis, orchitis and infertility in rams, and just 
occasionally associated with abortion in sheep and stillbirth. There is no evidence 
of infection for goats and cattle and no cases of transmission to humans have been 
reported so far (1). B. ovis and B. canis are the only species of Brucella naturally in 
the rough phase. B. ovis spreads ubiquitously and is passively transmitted among 
rams by venereal contact with sheep, which act as mechanical vectors hosting the 
bacterium in the vagina (2). However, there could be also direct infection among 
males, especially in extensive breeding, in which rams are housed together. Just 
occasionally, even females can be infected and eliminate the pathogen with vaginal 
discharge and milk, thus passing on the infection even to newborn lambs. Rams 
generally develop persistent infection and eliminate B. ovis intermittently with the 
semen and urine for at least 2-4 years and 30-50% of those infected has palpable 



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017, TIMISOARA 
 

17 

epididymis lesions. Infection with B. ovis should always be taken into account in 
presence of ram’s epididymitis, testicular atrophy or poor quality of semen. B.ovis 
can be identified by cultural, serological (mostly ELISA and CFT) methods (3) or 
PCR. Repeated sampling is required because excretion is often intermittent. In 
order to reduce the likelihood of false negatives, the best approach would be a 
combination of serology, specific genital examination and, where possible, semen 
cultivation (4). The outbreak of the disease in a pathogen - free herd is related to 
acquisition of infected animals or semen and sometimes the fertility can remain low 
even after its eradication. Following the confirmation of serological circulation of 
B.ovis in some flocks of Sicily, also confirmed by isolation from sheep milk and 
positivity for the presence of genital diseases in rams, it seems essential to verify 
the extent of the potential risk of infection in regional animal husbandry and better 
investigate the clinical and pathogenesis of this disease. 
 

Materials and methods 
 

A total of 608 serum samples were examined from rams belonging to 114 
Sicilian farms. Blood samples were collected from the jugular vein into a 10ml 
vacuum tube, stored in a refrigerated bag and conferred to Serology department at 
Istituto Zooprofilattico Sperimentale della Sicilia. Sera were then removed by 
centrifugation and stored at -20° C until tested by ELISA.  

Antibodies to B. ovis were detected by a commercial ELISA test (Brucella 
ovis Antibody test kit - IDEXX) according to the manufacturer’s instructions. As 
recommended by the manufacturer, any sample was considered as positive if the 
OD percent was ≥ 45, while any sample with an OD percentage under 45 was 
considered as negative. 

 
Results and discussions 

 
The results are presented in Figure 1.  
Thus, we found 68 samples (11.2 %) seropositive for antibodies to B. ovis. 

The highest prevalence was found in Caltanissetta district (16%), followed by Enna 
(9.6%) and Palermo (7.9%).  

This is the first screening in Sicily for this pathogen and the information 
obtained on the circulation of B. ovis in ovine of central and western Sicilian farms 
will help to establish appropriate strategies to control and eradicate the disease, 
resulting in reduction of economic losses and livestock damages associated with it 
(e.g. infertility, abortions and stillbirth). 
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Fig. 1. Seropositive samples for antibodies to B. ovis in different  
districts of Italy 

 
Conclusions 

 
In conclusion, it could be very useful and important to increase the 

knowledge and diagnostic attention toward such an infectious disease which, 
although less significant in terms of public health, may decrease in a significant 
way the farming economic performances. 
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Summary 

The increasing prevalence of bacteria producing extended-spectrum beta-lactamases 
(ESBL) asociated with human and animal infections is an alarming and growing 
phenomenon and undestanding the reservoirs and mechanisms that facilitate their 
emergence is key to preventing their spread.  Although previous reports have shown pets, 
especially dogs as source of ESBL, there is still insufficient information regarding the role 
they may play in mainatining and transmission of ESBL positive bacteria. The aim of this  
study was to detect the prevalence of CTX-M groups in a population of Escherichia coli 
resistant to third generation cephalosporins obtained from the dogs faeces from two dog 
shelters from Moldava. For this, 88 fecal samples were collected using rectal swabs. ESBL 
screening method included a first enrichment step with overnight cultivation in nutrient broth, 
followed by transfer of a small aliquote onto the chromogenic medium (Oxoid Brilliance 
ESBL). Isolates presumptively identified as ESBL producers based on their appearance on 
the ESBL chromogenic media, were confirmed as ESBL producers with the combination disc 
test (CDT) and sub-cultivated onto blood agar medium; fresh 24h colonies were used for 
bacterial DNA extraction by boiled preps method. The identification of E. coli isolates and of 
the CTX-M genes was performed by PCR following the specific protocols. ESBL screening 
on chromogenic medium identified 30 Enterobacteriaceae (30/88, 34%) presumvtive ESBL 
and which were confirmed as producing ESBL by combined disc method. The species 
identification was performed by detection of blauidA and blauspA genes, which  identified 28 
E. coli isolates, which were subsequently selected for molecular testing. Molecular 
investigations to identify the genetic substrate of ESBL phenotype showed that 17 (60.71%) 
of E. coli isolates carried blaCTX-M gene whilst specific PCR for CTX-M groups showed that 
15 (88.23%) of the E. coli isolates carried blaCTX-1 and 2 isolates (11.76%) carried blaCTX 
-9. None of the E. coli investigated harboured blaCTX-M-2, blaCTX-M-8 or blaCTX-M-25. 
This study identified a high prevalence of fecal carriage of CTX-M extended-spectrum beta-
lactamases producing E. coli in dogs from the two dog shelters investigated. 
Key words: ESBL, CTX-M, pets, antibioresistance, E. coli 
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 The bacterial strains of Escherichia coli take part of the normal microflora 
of the alimentary duct not only at human beings but also at animals. The increased 
prevalence of these resistant bacterial strains at the antimicrobial therapy is an 
alarm signal and a researched subject on a large scale. The resistence mechanism 
through the extended spectrum beta-lactamases enzymes is the most frequently 
met at the Gram negative bacteria and especially at E.coli not only of human origin 
but also of animal one.  
 The relations and the direct contact between the human being and the pets 
have evolved, today existing a close connection between these. E.coli strains of 
ESBL positive isolated type from the pets are of interest for the public health in 
terms of the sending potential of the bacterial strains of ESBL between animals and 
the human being (1).   
 The E.coli strains of the CTX-M-15 genotype the clonal group of ST131, 
O25 serogroup, are considered pandemic and they are associated with the multiple 
resistance at antibiotics. Such strains were isolated especially from the human 
beings, but they were also identified at pets (4;11). The mobile genetics elements 
that are involved in the mechanism of sending the resistance genes which encodes 
the extended spectrum beta-lactamases enzymes and close cohabitation between 
the animals and the human beings are factors which favor the transfer of the 
resistance markers   intra and interspecies.  
 The previous arguments underline the need of supervision of the 
antimicrobial resistance at pets through the molecular characterization of the 
strains of E.coli ESBL for establishing the role that these play in spreading the 
resistance at antibiotics. From the point of view of the concept “One Health”, the 
fecal carriage with multidrug resistance in bacteria at pets is essential through the 
impact and the risk that they can have on the public health the propagation of these 
bacteria. The purpose of our study was to establish the prevalence of the groups 
CTX-M identified at strains of E.coli isolated from the faces of the dogs from two 
shelters from  Moldova. 
 

Materials and methods 
 
 The study was carried out on 88 samples of faeces were collected from 
clinically healthy dogs from two shelters from Moldova. The collection of the 
samples was carried out with sterile swab from the rectal level. 
 A first phase in the primary processing of the samples consisted of 
enriching the rectal samples through the cultivation on the nutritive broth, and then 
the screening of ESBL was carried out by using a chromogenous medium Brilliance 
ESBL Oxoid that contains Cefpodoxime, cephalosporin of the 2nd generation at 
which in accordance with the specialized literature all the strains of 
Enterobacteriaceae ESBL are resistant (8). 
 The molecular biology tests that were carried out for the identification of the 
strains and the genetics characterization of the resistance profile were carried out 
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within the Microbiology laboratory of the Veterinary Medicine Faculty from the 
University of Liverpool. 
 The taxonomic classification of the isolates obtained after the screening of 
ESBL was carried out molecularly through the identification of the gene  and 

. In this way, in order to extract the bacterial DNA through the method of 
“boiled preps” the strains were previously cultivated on the blood agar. The design 
of the primers used for the identification of the two genes characteristic for the 
strains of E.coli is given in the table 1. The used protocol for the PCR technique 
was the one recommended by Anastasi and col. for the gene  and by Mc. 
Daniels and col. for the gene  (2, 9). 

 
Table 1 

 
The design of primers and the temperatures of alignment used at PCR for the 
taxonomic classification of the isolated strains and the detection of the main 

codant genes that codify the ESBL enzymes  
Primers Nucleotide sequences  

(5’-3’) 
Length  

(bp) 
Alignment 
tempera-

ture  

References  

uspA Fw: 5’-CCGATACGCTGCCAATCA GT-3’ 
Rev:5’-ACGCAGACCGTAGGCCAGAT-3’ 

 
884 

 
56°C 

Anastasi & 
col.,2010 

uidA Fw: 5’-CCAAAAGCCAGACAGAGT-3’ 
Rev: 5’-GCACAGCACATCCCCAA AGAG- 3’ 

 
623 

 
58°C 

McDaniels & 
col.,1996 

CTX-
MU 

Fw:  5’-ATGTGCAGYACCAGTAARGTKATGGC-3’ 
Rev: 5’-
TGGGTRAARTARGTSACCAGAAYCAGCGG-3’ 

593 58°C Wedley & col., 
2011 

CTX-
M-1 

Fw: 5’-
TGGGTRAARTARGTSACCAGAAYCAGCGG-3’ 
Rev: 5’-AGC TTA TTC ATC GCC ACG TT-3’ 

876 58°C Wedley & col., 
2011 

CTX-
M-2 

Fw:  5’-CGA CGC TAC CCC TGC TAT T-3’ 
Rew : 5’- CCA GCG TCA GAT TTT TCA GG-3’ 

893 58°C Wedley & col., 
2011 

CTX-
M-9 

Fw:  5’-CAA AGA GAG TGC AAC GGA TG-3’ 
Rev :  5’-ATT GGA AAG CGT TCA TCA CC-3’ 

876 58°C Wedley & col., 
2011 

CTX-
M-8 

Fw:   5’-TCG CGT TAA GCG GAT GAT GC 666-3’ 
CTX-M-8/25R:  5’-AAC CCA CGA TGT GGG TAG 
C-3’ 

666 52°C Wedley & col., 
2011 

CTX-
M-25 

Fw:  5’-GCA CGA TGA CAT TCG GG-3’ 
CTX-M-8/25R : 5’- AAC CCA CGA TGT GGG TAG 
C-3’ 

327 52°C Wedley & col., 
2011 

 
 The phenotypic confirmation of the isolated strains after the screening of 
ESBL was carried out through the combination disc test (CDT) recommended and 
accepted by CLSI (5). This technique is based on the diffusimetric antibiogram, and 
the used antibiotics were Cefpodoxime (10), Cefpodoxime/Clavulanic acid (10/1), 
Cefotaxime (30), Cefotaxime/Clavulanic acid (30/10), Ceftazidime (30) and 
Ceftazidime/ Clavulanic acid (30/10). The isolated colonies after the screening 
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were cultivated on the blood agar. For every bacterial strain were carried out 
dilutions of whose turbidity was similar with the turbidity of 0,5McFarland. The 
plates with Müller Hinton were inoculated through clearing, and the used antibiotics 
were placed at distances of 25-30mm between them. A difference of ≥5mm 
between the diameters of the areas of inhibition of a cephalosporin and the same 
cephalosporin potentiated confirms phenotypically the presence of the  extended 
spectrum beta-lactamases enzymes within the tested strain. The strain of E.coli 
ATCC 25922 was used as a control strain. 
 The molecular investigations for the identification of the genetic substrate 
of the phenotype of ESBL were centred on the identification of the genes that 
encode the extended spectrum beta-lactamases enzymes from the five groups of 
CTX-M: CTX-M-1, CTX-M-9, CTX-M-2, CTX-M-25 and CTX-M-8. The amplification 
conditions and also the primers design respected the work protocol recommended 
by Wedley and col. (12). In the table number 1 is given the model of the nucleotide 
sequences for each analysed gene of blaCTX-M. 
 

Results and discussions 
 
 The study was carried out on 88 samples of feces collected from clinically 
healthy dogs. After the screening of ESBL were isolated 30 (34%) of strains of  
Enterobacteriaceae presumtively ESBL (Figure 1).  
 The molecular investigations that were carried out for the taxonomic 
classification of the isolated strains showed that 28 (93,33%) from these belong to the 
species of Escherichia coli , gene  being identified at 25 (89,28%) among the 
strains and the gene  at 3 (10,72%) among the strains of E.coli (fig.1).  
 

 
 

Fig.1. The strains taxonomic classification of Enterobacteriaceae obtained after the 
screening of ESBL 
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  All the isolated E.coli strains after ESBL screening were phenotypically 
confirmed through the combination disc test (CDT). 
 The molecular investigations for the characterization  of the genetic 
substrate of the confirmed strains from the phenotypical point of view followed the 
identification of the genes that codify  ehe extended spectrum beta-lacatamases 
enzymes from the groups of CTX-M. From those 28 of isolated E.coli , 17 (60,71%) 
carried the blaCTX-M gene. 
 The positive strains for the group of CTX-M were investigated for the 
identification of those 5 groups of  CTX-M enzymes. Out of the total number of 17 
strains, 15 (88,23%) carried the  blaCTX-M-1 gene and 2 (11,76%) carried blaCTX-M-9 
gene.  None of the E. coli investigated harboured blaCTX-M-2, blaCTX-M-8 or blaCTX-M-25 
(fig. 2). 
 

 
 

Fig. 2. The percentage of the genes of CTX-M  identified at the analyzed  
E. Coli strains 

 
 In this study was for the first time characterized the molecular substrate of 
the strains of E.coli CTX-M isolated producers from clinically healthy dogs. The 
prevalence of 19,31% of the dogs carried E.coli CTX-M strains obtained by us is 
close to the one obtained in France, 18,5%  within the biggest study that was 
carried out for the determination of the faecal carriage with strains of ESBL/AmpC 
carried out on 368 of clinically healthy dogs (7). A bigger prevalence, of 24% of the 
clinically healthy dogs which are bearers of strains that produce CTX-M was 
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reported in China in 2010 (10). 
  Also, the prevalence obtained by us is increased if we analyze the 
importance of the feacal carriage with strains which are resistent for the public 
health. The direct contact with the human being favors the conveyance of these 
strains. More than that, the strains which produce the extended spectrum beta-
lactamases enzyme are many times associated and with the resistance at other 
classes of antibiotics: fluoroquinolone, aminoglycoside and trimethoprim + 
sulfamethoxazole (6). The multiple resistence determined by the strains of ESBL 
can be explained through the presence of plasmids which carried the genes of 
blaCTX-M and which frequently carry also gnes which confer resistence at antibiotics 
classes previously mentioned (3; 13). 
 The enzyme of ESBL CTX-M-15 takes part of the group of CTX-M-1. 
Although with a much more reduced frequency, infections determined by the 
strains of E.coli CTX-M-15, the clonal group of  ST131:O25, were reported also in 
the veterinary medicine at dogs (11). In this way, the prevalence of the faecal 
carriage with strains of CTX-M-1 is even more important, the pets could be 
considered a source of bacteria of ESBL. 
 This study shows that the faeces of the pets constitute a risk in the 
conveyance of the strains of E.coli CTX-M positive also in Romania and it is a 
starting point for the molecular analysis of these isolates for their characterization 
regarding the resistance to other classes of antibiotics and the identification of the 
plasmids on which there are found distributed the genes of ESBL. 

 
Conclusions 

 
This study is the first carried out in Romania for the characterization of the 

molecular substrate of E.coli ESBL positive strains of pets origine and for the 
molecular identification of the genes which determine CTX-M enzymes.  

The prevalence of 19, 31% of the bacterial strains carried blaCTX-M gene is 
increased and alarming if we analyze in terms of the impact on the public health. 

The strains of E. coli ESBL positive are molecularly characterized through 
the presence of the genes that take part of the group of CTX-M-1 (88,23%) and 
CTX-M-9 (11,76%). 

There were not identified strains of E.coli carried of the genes that 
determine the extended  spectrum beta-lactamases enzymes from the group of 
CTX-M-2, CTX-M-8 & CTX-M-25. 
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Summary 

Colonization with methicillin resistant Staphylococcus aureus (MRSA) has been recently 
identified in horses and that the people working in these sectors, and the role of horses as 
reservoirs of MRSA infections in humans are little known. The research covered the work 
were performed in order to establish the frequency of staphylococcal strains isolated from 
horses herds and methicillin-resistant strains identify. In this study they were isolated 38 
staphylococci strains, including coagulase positive strains 25 (CoP, represented by S. hyicus 
and S. aureus) strains of coagulase negative and 13 (CoN, represented by S. haemolyticus, 
S. sciuri, respectively S. epidermidis) isolated from recreational horses in different 
anatomical areas. Antibiotic sensitivity was variable depending on the group of antibiotics. If 
antibiotics: novobiocin, rifampicin, pristinamycin, ciprofloxacin, vancomycin, ceftriaxone, 
cefoxitin, cefaclor and ampicillin/sulbactan considered antibiotic of choice for staphylococci, 
number of sensitive strains was 100%. Against used Β-lactams (methicillin, ceftriaxone, 
cefoxitin, cefaclor, ampicillin with sulbactan), sensitivity was highest, except methicillin, the 
three resistant strains isolated.  
Keywords: Staphylococus, antibiotics, horses, infections 
 

Staphylococci strains not exposed to antibiotic pressure are susceptible to 
these substances; instead, staphylococcal strains isolated from animals and 
humans with various conditions and subjected to antibiotic pressure due to 
unreasonable therapy may exhibit multiple resistances. Resistance to antibiotics is 
based on genetic determinants located in plasmids R and chromosomes and can 
be transmitted by conjugation or other mechanisms, both intraspecific ally and 
interspecifically (5, 7). 

The development of resistance to various antibiotics, to staphylococci, is a 
consequence of the non-rational use in the therapy of both antibiotics in animals 
and humans without prior sensitivity testing. 

The non-rational use of antibiotics creates a selection pressure whose 
consequence is the selection and transmission of genetic determinants (genes) by R-
type plasmids or the occurrence of chromosomal mutations. Antibiotic resistance to 
staphylococci is exerted differently depending on the classes of antibiotics (5, 10, 14). 

Colonization with methicillin-resistant staphylococcus aureus (MRSA) has 
recently been identified in horses and humans working in these sectors and the 
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role of horses as MRSA reservoirs for human infections has been reported more 
and more frequently in the literature (3, 4, 5). 
 

Materials and methods 
 

The samples required for bacteriological examinations were taken from a 
34 clinically healthy horses (different in age, sex and race), with samples from two 
anatomical areas: cutaneous and nasal, totaling 68 samples. Samples were taken 
using sterile wool buffers attached to a plastic rod and placed in sterile tubes 
(standard product). 

Pathological materials were seeded on Columbia agar with 5% sheep blood.  
After incubation, the plates were examined with a stereoscopic magnifier, 

and Gram stained smears were made from each colony type. From characteristic 
morphological colonies, from which Gram positive, spherical, equals and 
hemispherical cubes were found, were sown with bacteriological anesthesia, by 
exhaustion, also on Columbia agar with 5% sheep blood. 

The subcultures obtained were bacterioscopically controlled to verify purity, 
and then, from the characteristic colonies, sowings were made on inclined agar and 
broth, these final cultures being for subsequent examinations.Isolated and purified 
staphylococcus strains have been biochemically tested for pathogenicity. 

The controlled biochemical properties were: fermentation of mannitol on 
the Chapman (mannitol salt) agar.  

For testing the biochemical properties and identification of staphylococci 
species, using the Staph API system. Catalase determination was performed after 
by the two standard techniques. To highlight the bound coagulase (clumping factor) 
and/or protein A, was used the Prolex Staph Latex Rapid Kit (Pro-Lab Diagnostics). 
 

Results and discussions 
 

During the study, were isolated 38 strains belonging to the Staphylococcus 
genus. All bacterial strains, Gram-stained were Gram-positive bacteria, and 
clustering and morphology of bacterial cells was specific to staphylococci (cocci 
and predominant grouping in the form of bunches, occasionally in pair or solitary 
bacterial cells). 

In this study, 38 strains of staphylococci were isolated, of which on the 
basis of biochemical properties, the presence of coagulase types, staphylococci 
strains were included in coagulase positive, 25 strains (CoP, represented by S. 
hyicus and S. aureus) and coagulase negative, 13 strains (CoN, represented by S. 
haemolyticus, S. sciuri and S. epidermidis, respectively), isolated from recreational 
horses, from different anatomical areas. The results of the bacteriological 
examinations are shown in Table 1. 
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Table 1 
Distribution of Staphylococcus strains isolated from recreational horses 

Location of 
horses / 

anatomical 
area 

No. of 
samples 
collected 

Positive 
samples 

Isolated staphylococcal strains 

S.  
aureus 

S. 
hycus 

S. 
epidermidis 

S. 
sciuri 

S. 
haemolyticus 

 Herneacova Equestrian Center  
Skin  15 12 5 3 2 1 1 
Nose  15 9 3 3 1 1 1 

 Sânandrei Equestrian Club Victoria  
Skin  11 6 2 2 1 - 1 
Nose  11 4 2 1 - - 1 

 Pony for children – Dragoieşti 
Skin  8 3 1 1 - 1 - 
Nose  8 4 2 1 1 - - 
Total 68 38 (55, 

89%) 
15 (39, 
47%) 

11 (28, 
95%) 

5 (13, 16%) 3 (7, 
9%) 

4 (10, 53%) 

 
The results obtained from the testing of antibiotic susceptibility of strains of 

staphylococci isolated from the recreational horses are shown in Table 2. 
 

Table 2 
Results of antibiotic susceptibility of strains of Staphylococcus isolated  

from horses 

Antimicrobial substance 

No. of sensitive strains 
S. 

aureus 
(no=15)

S.  
hyicus 
(no=11)

S 
epidermidis. 

(no=5) 

S. 
haemolyticus 

(no=4) 

S.  
sciuri 
(no=3) 

Methicillin  - ME - 30µg 14 9 5 4 3 
Gentamicin – CN – 10µg 8 6 5 4 3 
Tetracycline – TE – 30µg 7 5 2 4 3 
Ciprofloxacin – CIP – 30 µg 15 11 5 4 3 
Kanamycin – K – 30 µg 6 7 5 4 3 
Novobiocin – NV – 30 µg 15 11 5 4 3 
Doxycycline – DO – 30 µg 7 7 1 1 3 
Eritromicin – E – 15 µg 6 6 1 1 3 
Vancomycin – VA – 30 µg 15 11 5 4 3 
Ceftriaxone – CRO – 30 µg 15 11 5 4 3 
Cefoxitin – FOX - 10µg 15 11 5 4 3 
Polymyxin B – PB – 50UI 0 0 1 1 0 
Rifampicin – RA – 30 µg 15 11 5 4 3 
Lincomycin – L – 30 µg 5 4 2 4 3 
Cefaclor – CEC – 30 µg 15 11 5 4 3 
Pristinamycin – PT – 15 µg 15 11 5 4 3 
Ampicillin/sulbactan – SAM – 30 µg 15 11 5 4 3 

 
One of the main objectives of this study was to determine the types of 

resistance to different classes of antibiotics. The results on resistance and 
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resistance to methicillin in the 38 staphylococcus strains included in this study 
compared to the 17 antibiotics are shown in Table 3. 

 
Table 3 

Resistance model of Staphylococcus strains isolated from horses 

Staphylococcus species 
No. 

resistant 
antibiotics 

The antimicrobial resistance model (no. strain) 

Staphylococcus aureus 8 ME (1) CN (7), K (9), DO (8), E (9), PB (15), L (10), TE 
(8) 

Staphylococcus hycus 8 ME (2) CN (5), K (4), DO (4), E (5), PB (11), L (7), TE 
(6) 

Staphylococcus 
epidermidis 

5 TE (3), DO (4), E (4), PB (4), L (3) 

Staphylococcus 
haemolyticus 

3 DO (3), E (3), PB (3) 

Staphylococcus sciuri 1 PB (3) 
 
Analyzing the results in the table it can be seen that the antibiotic 

sensitivity was variable depending on the antibiotic groups. 
In the case of antibiotics: novobiocin, rifampicin, pristinamycin, 

ciprofloxacin, vancomycin, ceftriaxone, cefoxitin, cefaclor and ampicillin / sulbactan, 
considered staphylococcal selection antibiotics, the number of susceptible strains 
was 100%, all strains isolated. This suggests that isolated and tested strains 
originated from animals where these antibiotics were not used. It can also be said 
that all these antibiotics constitute the kit for staphylococci or are usually used in 
humans in the therapy of staphylococcal and animal infections, respectively. 

In comparison to the beta-lactamins used (methicillin, ceftriaxone, cefoxitin, 
cefaclor, ampicillin with sulbactan), antibiotic sensitivity was maximal, except for 
methicillin, where 3 resistant strains were isolated. Of these, two strains of 
methicillin resistant to S. hycus and a strain of S. aureus. The strains tested were 
largely sensitive to the other β-lactam as a result of previous correct treatments. 

As compared to aminoglycosides (gentamicin, kanamycin) and macrolides 
(erythromycin and vancomycin), antibiotic sensitivity was different, being maximal 
for vancomycin. In the case of gentamicin, 12 resistant strains, 13 strains versus 
kanamycin and 21 erythromycin resistant strains were isolated. 

Most strains were resistant to polymyxin B (36 strains) due to the use of 
locally applied preparations containing this antibiotic. 

Antibiotic sensitivity to tetracycline (tetracycline, doxycycline) was reduced, 
with 36 strains resistant to this group of antibiotics, with plasmid and chromosomal 
resistance (17 tetracycline strains and 19 doxycycline strains). 

All strains tested were sensitive to ciprofloxacin because this quinolone is 
not used in horses' drug therapy. 

Staphylococcus aureus resistant to methicillin (MRSA) is an emerging 
pathogen in horses. Initial reports of MRSA infections in horses were considered to 
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be largely sporadic, associated with veterinary hospitals (6, 8). However, the 
number of MRSA colonization reports and horse infections is steadily rising, in fact 
associated with private practices and the community (11). The prevalence of MRSA 
colonization to date ranges between 0% and 4.7% in European, Canadian and 
North American (1, 2, 9, 12) horses, between 2.9% and 10.9% in horses presented 
In horses clinics (13) and 16% in horses in specialized hospitals (1) respectively. In 
hospitalized horses, surgeries due to surgery are predominant (11). In Canada and 
North America, most MRSA infections in horses are caused by an ST8 (MRSA 
canadian-5 or USA500) multilocus sequential human cloned (11). It has been 
suggested that this strain is adapted to horse because of its preponderance to 
horses and staff working in this field (11). Recently there have been reports of 
colonization and infection of horses with MRSA ST398 (15), a MRSA clone 
associated with domestic animals (4). 

Published studies on isolated isolates of staphylococci from the 
Netherlands and another study of 200 healthy horses (2), respectively, did not 
reveal the presence of MRSA. The reason for the sudden increase in the number of 
MRSA strains in horses since 2006 is currently unknown. The high prevalence of 
ST398 strains in pigs and calves in the Netherlands (4) and the fact that horses are 
often kept on farms with other animals and are sometimes treated by veterinarians 
who are also involved in the treatment of domestic animals are possible 
explanations for increased cases with strains ST398 in horses. MR8 ST8 strains of 
spa t064 have been identified and isolated in horses and staff at a veterinary 
hospital in Ireland (7), and strains of MRSA ST398 spa t011 have been isolated in 
horses and staff from a veterinary hospital in Vienna (3). Also, international horses 
and trades could favor the release of MRSA strains. Changes in the use of certain 
antimicrobial substances are responsible for the continuous increase in resistance 
phenomena. 

 
Conclusions 

 
From the clinically healthy recreational horses, were isolated 38 strains of 

staphylococci, of which 25 positive coagulase strains (CoP, represented by S. 
hyicus and S. aureus) and coagulase negative, 13 strains (CoN, represented by S. 
haemolyticus, S. sciuri and S. epidermidis, respectively). 

All isolates of staphylococcus strains showed 100% sensitivity for 
antibiotics: novobiocin, rifampicin, pristinamycin, ciprofloxacin, vancomycin, 
ceftriaxone, cefoxitin, cefaclor and ampicillin / sulbactan, considered antibiotics of 
choice for these bacteria. 

In contrast to the beta-lactamins used (methicillin, ceftriaxone, cefoxitin, 
cefaclor, ampicillin with sulbactan), antibiotic sensitivity was maximal, except 
methicillin, where 3 resistant strains, two strains of methicillin resistant to S. hycus 
and one S. aureus strain. 
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Following testing of strains of staphylococci isolated from recreational 
horses, methicillin-resistant strains and several resist types were identified against 
17 antibiotics compared to β-lactam, tetracycline, macrolide and polymyxin B. 
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Summary 
Bacterial pathogens such as E. coli/coliforms, Salmonella spp., Vibrio spp.  could be a cause 
of food and water born infections and pose a health risk to consumers and tourists in 
wetlands. We hypothesized that the number of bacterial strains and therefore the infectious 
risk will be higher in benthic fish due to the higher number of potential sources than in the 
more active, pelagic group in the Danube Delta.  
The research aimed to identify the potentially pathogenic bacteria from both benthic and 
pelagic fishes and evaluate their zoonotic potential as a consumption item.  A number of 20 
samples of gills and hepatopancreas from each  perch (Perca fluviatilis), wels catfish (Silurus 
glanis), sander (Sander lucioperca), pike (Esox lucius), hardtail (Alosa immaculate), gibel 
carp (Carassius gibelio) and common carp (Cyprinus carpio) were collected from the 
Danube river mouth (Melea, Turcesc, Flamanda, Ciobanesc channels) and subjected to 
classical isolation techniques using Chromogenic UTI medium, BrillianceTM E. coli/ coliform 
selective medium and TCBS Cholera Medium (Oxoid). The results were analyzed by 
Statistica program. Bacteria of the Vibrio genus (V. cholerae, V. fluvialis, V. alginolyticus, V. 
metschnikovii, V. mimicus, V. vulnificus, V. parahaemolyticus) dominated the microbiome 
structure, along with E. coli/coliforms and Pseudomonas spp. 
There were no significant differences in the distribution frequency of the bacteria on the gills 
between benthic, plankton eating fish (0.36±0.06) and pelagic, raptor (0.42±0.02) fish. The 
microflora overall frequency was higher in the hepatopancreas of pelagic raptor fish 
(0.432±0.06) than in plankton eating, benthic (0.35±0.00) fish species.  
The results indicated that both benthic and pelagic fish could be a source of pathogenic 
bacteria with zoonotic potential, independently on feeding behavior or habitat.  
Key words: fish, benthic, pelagic, microbiome, Danube Delta  
 

Fecal pathogens, such as bacteria, viruses and protozoa, strongly resistant 
to water environment and disinfectants, sometimes to antibiotics as well, are able 
to cause disease in humans and animals (6). Amongst those, a genus commonly 
found in fish and water, Aeromonas is also involved in human pathology (intestinal 
disease, skin injuries, joint, bone, respiratory, urinary tract and ocular infections. 
Researches also noted high mortality in A. hydrophila and A. veronii species in 
immunocompromised patients (1). 

Other fresh water fish, such as lean lake trout (Salvelinus namaycush), and 
walleye (Sander vitreus), and seeforellen brown trout (Salmo trutta) (3) host 
Shewanella, also involved in human pathology (10).  
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Some of the bacteria found in fish, but also in water, although potentially 
pathogenic for mammalian hosts, have a beneficial effect on the immune system of 
fish. In this group could be included Aeromonas veronii BA-1, Vibrio lentus BA-2, 
and Flavobacterium sasangense BA-3 from the intestinal tract of the 
common carp (Cyprinus carpio) (2, 11). 

Studies carried out in a fish rearing environment on both water and fish 
intestines indicated counts as high (>4 log cfu ml-1 or 8 log cfu g-1) of total aerobic 
bacteria in pond waters and fish intestines, where the bacteriome was dominated 
by Salmonella spp., Vibrio spp., Staphylococcus spp. and Escherichia coli, all of 
these being recorded as animal and human pathogens (4, 7). Thus, investigations 
on bacteriome carriage in fish and its presence in their environment is important for 
animal, consumer and environmental health equally.  

The research aimed to identify the potentially pathogenic bacteria from 
both benthic and pelagic fishes and evaluate their zoonotic potential as a 
consumption item.   
 

Materials and methods 
 

A number of 20 samples of gills and hepatopancreas from each perch 
(Perca fluviatilis), wels catfish (Silurus glanis), sander (Sander lucioperca), pike 
(Esox lucius), hardtail (Alosa immaculate), gibel carp (Carassius gibelio) and 
common carp (Cyprinus carpio) were collected from the Danube river mouth 
(Melea, Turcesc, Flamanda, Ciobanesc channels). The fish species with indication 
of their habitat and feeding behavior were presented in Table 1. Most of the studied 
fish, due to the investigated area, were from pelagic and predatory species. 

 
Table 1 

Feeding and habitat peculiarities of tested fish 
Feeding 
behavior 

Habitat Latin name English name 

predatory pelagic Perca fluviatilis Perch 
predatory benthic Silurus glanis Wels catfish 
predatory pelagic Sander lucioperca Sander 
predatory pelagic Esox lucius Pike 
predatory pelagic Alosa immaculata Hardtail 
herbivorous benthic Carassius gibelio Gibel carp 
herbivorous benthic Cyprinus carpio Common carp 

 
Similarly, water samples were collected from the habitats of the tested fish. 

All samples from fish and water were then subjected to classical isolation 
techniques using Chromogenic UTI medium, BrillianceTM E. coli/ coliform selective 
medium and TCBS Cholera Medium (Oxoid). The colonies were identified by color, 
according to the producer’s instructions. The frequency of the bacteria found in all 
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sampled hepatopancreas and gills were calculated. When the bacteria were found 
in both fish and water, the sample was scored 1, when it was present only in the 
fish, the score was 0. The average values of the scores were established and 
expressed as percentages of the total. 

The results were analyzed by Statistica program.  
 

Results and discussion 
 

Worldwide researchers consider that the infectious waterborne diseases 
are highly underestimated globally. These pathogens could easily reach increased 
levels of endemic transmission (caliciviruses, Cryptosporidium) since they are 
ubiquitous in aqueous environment (rivers, springs, drinking water) and also could 
be transferred by inhabitans of this habitats (6). 

More and more bacterial strains, including those in aqueous habitats, share 
antibiotic resistance or MDR and of these, mainly Beta-lactamase producing ones 
pose the highest health risk. Four ecological compartments were considered as 
sources for the resistome transfer, and these include mammalian host (humans, 
animals) and also environmental sources (plant, soil and water). Surprisingly, 
bacteria from the environment, with no pathogenic significance and no direct 
contact with antibiotics, could remain a permanent source of R genes for 
pathogenic bacteria. One best example is Aeromonas, present in the aqueous 
environment, posing risk to those fishing, surfing, swimming, diving (1). In another 
study, P. aeruginosa was found in natural waters in concentrations of 10/100 mL to 
>1,000/100 mL (9).  

Nevertheless, very few researchers investigated the reciprocal 
relationships of fish and their habitat microbiota, in connection with various 
environmental factors (8).  

In this study, bacteria of the Vibrio genus (V. cholerae, V. fluvialis, V. 
alginolyticus, V. metschnikovii, V. mimicus, V. vulnificus, V. parahaemolyticus) 
dominated the microbiome structure, along with E. coli, coliforms and 
Pseudomonas spp.  

The overall bacterial frequency was somewhat higher in the 
hepatopancreas of the fish as opposed to the gills. There were no significant 
differences between the predatory and herbivorous fish in this respect (Table 2, 
Table 3). The highest values of the frequency were found in the gills and 
hepatopancreas of sander, pearch and hardtail. 

The distribution of Vibrio genus was lesser in the hepatopancreas than in 
the gills, no significant differences being recorded between the fish species based 
on their feeding behaviour or habitat. 

The "dilution effect" is being defined by the diminishment of the infection 
prevalence in a host, where the species are numerous and vary in susceptibility to 
infection by a pathogen. Competitors and predators may (1) alter host behavior to 
reduce pathogen transmission or (2) reduce host density (5). 
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Table 2 
The frequency of bacteria from branchiae of fish that differ by habitat and 

feeding habits 

 
1 2 3 4 5 6 7 Total 

Perch 0.05 0.21 0.32 0.63 0.74 0.74 0.47 0.45 
Wels 
catfish 0.44 0.41 0.46 0.28 0.47 0.58 0.18 0.40 

Sander 0.30 0.20 0.30 0.20 0.70 0.80 0.20 0.39 

Pike 0.44 0.50 0.47 0.35 0.50 0.53 0.24 0.43 

Hardtail 0.20 0.40 0.40 0.30 0.60 0.70 0.40 0.43 

Gibel carp 0.29 0.24 0.30 0.23 0.37 0.51 0.19 0.30 
Common 
carp 0.24 0.33 0.39 0.31 0.65 0.82 0.20 0.42 

Legend: 1-V. cholerae, V. fluvialis, 2- V. alginolyticus, V. metschnikovii, 3- V. mimicus, V. vulnificus, 4- 
V. parahaemolyticus, 5- E.coli, 6- Coliformi, 7- Pseudomonas spp.    
 
 

Table 3 
The frequency of bacteria from hepatopancreas of fish that differ by habitat 

and feeding habits 

 
1 2 3 4 5 6 7 Total 

Perch 0.05 0.11 0.21 0.42 0.68 0.84 0.63 0.42 
Wels 
catfish 0.31 0.38 0.44 0.33 0.54 0.69 0.26 0.42 

Sander 0.30 0.30 0.30 0.10 0.40 0.90 0.40 0.39 

Pike 0.38 0.41 0.32 0.29 0.50 0.59 0.33 0.40 

Hardtail 0.50 0.40 0.30 0.50 0.70 0.90 0.40 0.53 

Gibel carp 0.23 0.26 0.30 0.26 0.39 0.64 0.36 0.35 
Common 
carp 0.16 0.14 0.31 0.29 0.41 0.76 0.39 0.35 

Legend: 1-V. cholerae, V. fluvialis, 2- V. alginolyticus, V. metschnikovii, 3- V. mimicus, V. vulnificus, 4- 
V. parahaemolyticus, 5- E.coli, 6- Coliformi, 7- Pseudomonas spp. 
 
 
 



LUCRĂ

Fig. 1. The

 

Fig. 2. The 

ĂRI ŞTIINŢIFI

e frequency o

frequency o

ICE MEDICIN

of bacterial is
the

of bacterial is
also 

Ă VETERINA
 

 
solates by sp
e habitat wat

 
solates by sp

the habitat w

ARĂ VOL. L (3

pecies, found
ter 

ecies, found
water 

), 2017, TIMIŞ

d in branchia

 in hepatopa

ŞOARA 

39 

 

ae and also 

 

ancreas and 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. L (3), 2017, TIMIŞOARA 
 

40 

In this case, the prevalence of bacteria might have been influenced by the 
feeding behaviour of the analysed fish species, but certainly the dilution effect 
occurred also due to the intervention of non-host species of the habitat. 
 Comparing the frequency of the simultaneous isolation of bacteria species 
from the water and the fish species, it could be seen that no significant differences 
were recorded neither for branchiae (Fig. 1) nor for the hepatopancreas (Fig. 2). 
The values were quite low, this indicating that the bacterium was not necessarily 
transferred to the habitat, but increased the risk of transmission to consumers by 
handling the fish or consuming it. 
 

Conclusions 
 

The results indicated that both benthic and pelagic fish could be a source 
of pathogenic bacteria with zoonotic potential, independently on feeding behavior 
or habitat.  
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Summary 
A serological survey was conducted to determine the occurrence of Leptospira spp. and 
Bartonella henselae in stray cats circulating in Palermo (Sicily, Italy). Samples from 721 cats 
were tested for Leptospira spp. antibodies by serological Microagglutination Test (MAT) and 
for B. henselae antibodies by Indirect Immunofluorescence Antibody assay (IFA). We found 
only one sample (0.1%) seropositive for antibodies to Leptospira spp. with a title of 1:100 for 
Leptospira australis. Concerning B. henselae, 513 samples analyzed by IFA were positive 
(71%). This is the first screening in Sicily for these two pathogens and the results here 
obtained will be useful to take preventive measures to reduce the prevalence of such 
diseases in pets 
Key words: cat, seroprevalence, Leptospira spp., Bartonella henselae 

 
Feline diseases can be caused by a range of pathogens and many of these 

infections have zoonotic implications, so stray cats are potential sentinels for both 
human and pet health. Stray cats roam freely and often form colonies which live 
and feed in close proximity to humans (10).  

This study investigated the prevalence of Leptospira spp. and Bartonella 
henselae in stray cats circulating in Palermo (Sicily, Italy).  

Leptospirosis is a zoonotic disease with a worldwide distribution affecting 
most mammalian species (3). Clinical leptospirosis is rare in cats (2) but they could 
shed leptospires in their urine without showing any sign of the disease (11). This is 
problematic, as it could lead to human exposure.  

Bartonella spp. is a vector-borne Gram-negative bacterium able to infect 
the erythrocytes and endothelial cells of mammalian hosts (4, 5). B. henselae is 
transmitted among cats by the cat flea (Ctenocephalides felis), and this vector is 
essential for maintaining the infection within cat populations. Most cats infected 
with B. henselae are asymptomatic or have mild self-limiting symptoms, such as 
fever or lymphadenopathy (9, 12). 
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The control of leptospirosis and bartonellosis, therefore, is important not 
only for animals but also for public health concerns. 

 
Materials and methods 

  
For this project, 721 serum samples from stray cats circulating in Palermo 

were collected and tested for both anti-Leptospira spp. and B. henselae antibodies. 
All cats belonged to the European breed. The diagnosis for Leptospira spp. was 
based on antibodies detection by serological Microagglutination Test (MAT). The 
analysis was conducted towards eight common serogroups circulating in Italy 
(Leptospira australis, Leptospira ballum, Leptospira canicola, Leptospira 
grippotyphosa, Leptospira icterohaemorrhagiae, Leptospira pomona, Leptospira 
serjroe, Leptospira tarassovi). A commercial immunofluorescence antibody assay 
(IFA) (MegaFLUO BARTONELLA henselae - MEGACOR Diagnostik GmbH) was 
used to conduct a screening for the presence of antibodies against B. henselae. 
 

Results and discussions 
 

The results demonstrated that only one of 721 samples analyzed (0,1%) 
was seropositive for antibodies to Leptospira spp., with a title of 1:100 for 
Leptospira australis. 

Concerning B. henselae, 513 out of the 721 samples analyzed by IFA 
resulted positive (71%). 

Our data showed that cats are not likely reservoirs of Leptospira for the 
eight strains searched, while the analysis conducted for the detection of antibodies 
against B. henselae revealed a higher prevalence compared to other Countries or 
also other Italian regions (1, 6, 7, 8, 13). 

 
Conclusions 

 
Our study is the first large-scale screening for the detection of antibodies 

against Leptospira spp. and B. henselae conducted in stray cats circulating in 
Sicily.  

This work thus represents a first, useful piece of information to be 
implemented by further analysis. 
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Summary 

Bacteria are a domain that shows the complexity of microscopic life. They don’t live 
separately, but in populations that seldom are pure. Researchers found that complex 
multibacterial organization implies cell to cell communication. This communication process 
known as “quorum sensing” ensures bacteria to decide whether it is worthwhile to invest 
energy in various processes such as biofilm formation, DNA uptake, gene expression of 
virulence, production of exoenzymes and substances having antimicrobial effects. Since 
bacterial language is of a chemical nature, environmental conditions may hinder it. This 
process known as “quorum quenching” is the result of the action of different inhibitors that 
can destroy signal molecules, block their production or prevent bacteria from detecting signal 
molecules. Autocrine and paracrine signaling are both based on signaling molecules 
reaching a certain threshold which leads to changes in population behavior by triggering 
changes in gene expression. Though many bacterial species have their own language, their 
chemical messages can reach other species as well and can determine changes in bacterial 
population behavior. The aim of this review is to show the complexity of bacterial 
communication. 
Keywords: quorum sensing, quorum quenching, bacterial communication 
 
 With the discovery of the microscopic forms of life and the shift of the 
scientific understanding from spontaneous generation (abiogenesis) to biogenesis, 
microbiology and medicine entered a new era. Once Alexander Flemming (1881 – 
1955) opened the era of antibiotics a new hope seemed to flicker at the horizon 
and the historical fierce battle of humanity with infectious diseases seemed to get 
with rapid steps closer to the dawns of victory. Though Flemming had warned on 
the phenomenon of antibiotic resistance, it took a few decades to scientific world to 
understand from clinical practice that bacteria are not simple living creatures 
encapsulated in some simple rigid mechanisms, but they are adapting to 
environment and develop ways to survive. Their organization in complex 
communities, such as biofilm and mixed populations from different bacterial types, 
strains and even molds, led to the conclusion that cells might have been 
communicating one with another, since a homeostatic tendency and a coordinated 
response toward the environment was observed. That made the researchers to 
admit that an “organized social behaviour” can be seen in bacteria. Meanwhile, 
they were forced to make a shift from the idea that bacteria are simple cells living 
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as individuals, to a new paradigm that admitted there must be a communication 
system between bacteria, either they are of the same type or of distant genres. 
That opened a new field to experiences that eventually led to the discovery of a 
system of stimuli and response depending on bacterial population density (1,6). 
 

What is quorum sensing? 
 
 Various experiments proved that bacteria communicate with one another, 
and they have a common language regardless the type they belong to. Information 
is provided and delivered using chemical signal molecules. These signal molecules 
are produced by bacteria and designed to be “understood” by cells of the same 
type and even by different genres cells. This means the bacteria membranes are 
equipped with “sensors” – receptors that signal molecules can reach to. In 
response to that, when the receptors get saturated, they become activated. Then, 
they can trigger a response, so that bacterial population change its behavior, via 
gene transcript modulation. This mechanism through which the information 
supplied by signal molecules triggers a feedback in bacteria’s behavior is critical for 
synchronizing the activities of large of cells and is called “Quorum-sensing” (QS) – 
Fig. 1 (1,6). 

 
Fig.1. Quorum-sensing has a correspondence in a threshold signal cells density 

(Fuqua et al., 1994) 
 

“Quorum-sensing” is a term that was first used in a review by Fuqua et al. 
in 1994 (5) and referred to a stimuli-response system correlated to a threshold 
population density. It showed that there is a minimum threshold level of individual 
cell mass required to produce a change in bacterial population’s behavior. This 
concerted population response seemed to depend of a critical number of active 
cells that form that bacterial group. In other words, the bacterial population senses 
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how large is the cells number and synchronizes its actions when a threshold value 
is reached (figure 1) (5, 8). 

In order to sense the minimum quorum of members, bacteria need to give 
information to one another about their presence and their active state. That is 
reached by a common bacterial language, that must be both “spoken” and 
“understood” by all of the population members. The language used by bacteria to 
transmit information is a chemical language, in other words it is based on signal 
molecules. Each bacterial cell is able to produce and deliver in the environment 
signal molecules, which represent the material support for information. The signal 
molecules spread within the environment by diffusion. As signal molecules diffuse 
in the environment, their density gradient decreases with the distance from the 
emitting cell. That would be equivalent  to the concept of power of the signal which 
is stronger around the emitter and weaker as the distance from the source 
increases (1,3,7). 

 

 
Fig. 2. Quorum-sensing – schematic process (Li and Tian, 2012) 

 
The system would not be complete unless each bacterial cell could “hear” 

the “spoken” chemical “words” emitted by surrounding bacteria. This means that 
every cell must have on its membrane “sensors” that can “sense” the presence of 
the signal molecules. In fact, these membrane receptors work together with the 
signal cells on the principle of “lock and key”. This theory that uses the analogy of 
“lock and key” was first postulated in 1894 by Nobel laureate in chemistry Hermann 
Emil Fischer (1852–1919), to explain how the substrate and enzyme work together 
in enzymatic reactions. Thus, the architecture of the enzyme corresponds to the 
“negative” spatial form of the substrate. In a similar manner the receptors from the 
bacterial cells membranes are accessed by the signal molecules and bind together. 
That determines the receptor to become activated. This, in turn, triggers other 
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mechanisms that influence the gene transcription process. A new gene product, 
such as a virulence protein or an extracellular enzyme, is then released. As a 
results, a change in the social behavior of the bacterial population becomes evident 
(figure 2) (10,11). 

Quorum sensing is kind of a social feedback mechanism that is used by 
bacterial populations to optimize, synchronize and coordinate their behavior. Since 
the signal molecule produced by the bacterial cell can be detected by both the 
receptors of same type cells and by the cell itself, it was called “autoinducer”. 
Similarly, the process through which the desired behavioral response is attained is 
called “autoinduction”. The chemical signal is provided by low molecular mass 
molecules that are produced inside the bacteria and then delivered outside the 
outer membrane of the cell. The gradient of the extracellular concentration grows 
with the population density that is producing the signal molecules. The bacteria are 
able to sense the signal molecules and to reimport them into the cells, where they 
trigger the modulation of gene transcription. Thus all the bacterial cells become 
able to coordinate their response to the changing environment once a critical 
concentration has been reached due to the increasing of cell density to a threshold 
value. The quorum-sensing concept refers to the number of bacteria in the 
population, that is to the cell density, which triggers a modulation in gene 
transription (5, 13, 6, 14).  

 
Fig. 3. Quorum-sensing – switching the behavior of bacterial population (Li 

and Tian, 2012) 
 

 The main requirements of quorum-sensing is that bacteria may produce, 
release and detect chemical signals (autoinducers). When there are just a few 
bacteria, the autoinducers level is low. The more bacteria grow and multiply, the 
more autoinducers are produced. They spread outside the cell emitting the signal in 
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all directions through diffusion. Thus, the further the autoinducers are from the cell, 
the lower their concentration and the weaker the signal. When a threshold value of 
the gradient of autoinducers is reached, the cell membrane receptors are activated 
due to saturation. The activated receptors induce the transcription of some specific 
genes on which new bacterial behavior is based, such as the production of a 
particular gene product (for instance, a virulence protein or an extracellular 
enzyme) (figure 3) (10,11). 
 

Bacterial language – signal molecules 
 
 Communication between bacteria can be very complex. Signaling can be 
autocrine – the chemical agent binds to the receptors on that same cell, leading to 
changes in that cell – or paracrine – the signal molecule is produced to induce 
changes and to alter the behavior of nearby cells (12).  

As a mechanism of changing bacterial social behavior, quorum-sensing 
allows bacteria to modulate the expression of specific genes – namely to restrict 
the gene expression at high cell densities and expand it at low cell densities. The 
purpose of quorum-sensing is to obtain some collective benefits through biofilm 
formation, increased antibiotic resistance or higher virulence, based on the local 
density of the bacterial population, either it is formed from a single type of bacteria 
or from diverse species. It will be of a little value for a few bacteria to make a gene 
product because its concentration would be too low to become effective. The 
benefit of quorum-sensing mechanism is to make use of such a regulatory process 
that ensures the bacterial density is high enough before a specific gene product is 
made and released in the environment, otherwise the effort of the cells to change 
their behavior would be useless. Quorum-sensing allows the bacterial population to 
increase in number before starting to produce a specific gene product (1, 3).  
 There are various types of molecules that can be used as signaling agents 
between individual bacterial cells and different types of bacterial populations. 
Gram-negative and Gram positive bacteria use specific signal molecules, though a 
common chemical language is available for both. Signaling molecules that work in 
both Gram-negative and Gram-positive bacteria comes from a family of 
autoinducers known as autoinducer-2 (AI-2). Autoinducers are produced as a 
response to the modification of cell-population density. The concentration of the 
autoinducer increases proportionally with the density of quorum sensing bacterial 
cells. The quorum-sensing phenomenon allows both Gram-negative and Gram-
positive bacteria to sense one another, once a threshold number of bacterial cells 
is reached. As a result, the bacterial community may regulate a variety of 
physiological activities, such as virulence, symbiosis, biofilm formation, motility, 
antibiotic production. Thus, when bacteria detect these signal molecules, a 
stimulation effect, produced by altered gene expression, can be seen (2, 9).  

The most common signaling molecules for the two Gram types of bacteria are: 
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• In Gram-negative bacteria the signal molecule is acyl homoserine lactone 
(AHL). When it reaches a threshold concentration in the environment – due to a 
quorum of bacterial cells that produce it – it binds and activates regulatory 
protein which then binds to a specific site of the cell DNA. The binding of this 
regulatory protein transcription activator results in production of the specific 
quorum-dependent protein as well as more enzymes to make AHL (figure 4) 
(13, 14, 15) 

 

 
Fig. 4. Schematic representation of quorum-sensing in Gram-negative bacteria 

(Waters and Bassler, 2005) 
 

• In Gram-positive bacteria a precursor oligopeptide is cleaved into functional 
signal molecules of 10-20 aminoacids. These molecules are actively 
transported out of the cell through a special transporter protein. When the 
signal oligopeptides reach a thershold concentration on the outisde of the 
cell, they are detected by a sensor protein on the surface of the cell. When 
the oligopeptide reacts with the sensor protein, the protein becomes 
phosphorylated on the inside of the cell membrane. The phosphate is then 
tranferred to a response regulator protein which allows it to bind to a specific 
site on the DNA. This binding results in alteration in the transcription of 
target genes. Quorum-dependent proteins such as virulence factors are 
produced (figure 5) (13, 14, 15) 
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Fig. 5. Schematic representation of quorum-sensing in Gram-positive bacteria 

(Waters and Bassler, 2005)  
 
 

Quorum-sensing circuits 
 Parallel and arranged in series QS circuits 

 
 The idea that bacteria might make use of various quorum-sensing circuits 
was first investigated and proved in Vibrio harveyi, a bioluminescent marine Gram-
negative bacterium. Research showed that Gram-negative bacteria could 
communicate with multiple quorum-sensing signals, since Vibrio harveyi produces 
and responds to three distinct autoinducers. In a similar way to the mentioned 
bacteria works Vibrio cholerae, which is a human pathogen responsible for the 
endemic diarrheal disease cholera. Both V. harveyi and V. cholerae posses a 
quorum-sensing network made from three parallel quorum-sensing circuits (15).  
 Pseudomonas aeruginosa, which is a common soil organism, can seriously 
affect cystic fibrosis (CF) patients and those having chronic respiratory infection. 
Using quorum-sensing, P. aeruginosa can control adhesion, biofilm formation, and 
virulence factor expression, making it difficult to combat the lungs infection. In 
contrast with the quorum-sensing circuits found in vibrios, P. aeruginosa uses 
regulatory systems which are arranged in series. Both the above quorum-sensing 
networks bases their activity on multiple signals acting synergistically (4, 9).  
 

Other types of QS circuits 
 

 There are also quorum-sensing networks whose architecture is such that 
the signals antagonize one another. 

In all the above presented quorum-sensing circuits bacteria can move from 
a set of low cell density behaviors to a different set characteristic for a high cell 
density level. However, there are circuits that permit reversion to the original set of 
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behaviors, the so called “quorum-sensing circuits with on-off switches” (found, for 
instance, in Gram-positive bacterium such as Streptococcus pneumoniae) (4, 9). 

Agrobacterium tumefaciens is the causal agent of crown gall disease – 
formation of tumours in plants. The bacteria can do that through transducing 
(transfer and integration) of a tumor-inducing (TI) plasmid into plant cells. The plant 
tumors produce molecules called opines, which are a good nutrient for the A. 
tumefaciens. The quorum-sensing circuit is “responsive to host cues”, since it is 
activated only by simultaneous signals produced by both plant and bacteria. The 
mobilization of the tumor-inducing plasmid is possible only in the proximity of the 
plant because it requires detection of opines by a cytoplasmic receptor  (4, 9). 
 

Quorum-quenching 
 

 In their struggle for existence and dominance, bacteria can develop 
strategies to intercept and hijack the quorum-sensing mechanisms of their bacterial 
neighbors. Quorum-quenching (QQ) can be done by any mechanism that can 
effectively interfere with any main processes in quorum-sensing. By disrupting the 
quorum-sensing processes of another bacterial species give an advantage to the 
bacteria that uses quorum-quenching mechanisms. Such mechanisms are present 
in many prokaryotic and eukaryotic organisms (4). 
 The general purpose of using quorum-quenching is the global control of the 
physiology and activity of bacterial populations, especially where is a competition 
for limited resources, such as nourishment or vital space. Researchers found that 
secondary metabolites and degrading enzymes produced by various organisms, 
such as algae, and microorganisms can interfere with quorum-sensing. Findings 
showed that various plants can exert and inhibitory activity on quorum-sensing. 
Extracts from plants used as spices can inhibit quorum-sensing activity. For 
instance, Curcuma longa L. (turmeric) produces curcumin, which inhibits the 
expression of virulence genes of Pseudomonas aeruginosa, while extracts from 
fruits, such as raspberry (Rubus idaeus L.), blueberry (Vaccinium angustifolium 
Aiton), and grape (Vitis sp.), can inhibit AHL activity (8, 7). 
 

Conclusion 
 

 According to a global report of World Health Organization from 2014, 
humanity entered in a post antibiotic era. Bacterial microorganisms develop 
resistance toward antibiotics. It is a common fact that many bacterial strains are 
multi-drug resistant (MDR). It seems that bacteria are enough well equipped to take 
on all the battles. Given this context, quorum-sensing inhibitors could be a 
promising new generation of drugs. Virulence, multiplication rate, biofilm formation, 
antibiotic resistance mechanisms could be targeted by simply intercepting and 
hijacking the main quorum-sensing processes. Therefore, the main purpose would 
be to develop non-competitive inhibitors of quorum-sensing systems (7, 8, 16). 
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Summary 

To highlight blood biochemical aspects of porcine proliferative enteropathy, it was taken 
blood from swine with clinical sign of disease and after randomized selected, 12 samples 
were subject to examination. Were determinate total protein, albumin, the albumin/globulin 
ratio, GOT, GPT, GGT, total bilirubin, creatinine, urea, potassium, calcium, magnesium. Of 
all studied parameters it was observed a significant modification of serum protein and 
hepatic transaminase values, compared to the physiological limits, in most cases. Decrease 
of total serum protein and albumin/globulin ratio observed in more than 50% of the cases 
can be the results of malabsorption causing weigh losses. These protein values modification 
were been accompanied by increase of hepatic transaminase values, more than 66% of the 
samples had GOT values higher than the normal one and 75 % of the studied samples 
presented a greater values of GPT than the physiological one. 
Keywords: porcine proliferative enteropathy, biochemical aspects, Lawsonia intracellularis 
 

The infection with intestinal bacterium Lawsonia intracellularis, the 
aetiological agent of porcine proliferative enteropathy (5, 6), it is known that can 
produce significance economic losses through young breeding and growing-
finishing pigs especially due the lower average daily gain, but the pathogenesis of 
the disease remain unclear. It is believed that the bacterium is capable to infect 
mitotically active epithelial cells of intestinal crypts and then multiply and spread in 
these cells as it divide (1, 4, 9). However, the implications of infection on the whole 
organism are not elucidated yet. 

Although, porcine proliferative enteropathy, currently, raises numerous 
questions whose response has not been yet elucidated, it is known that the 
prevalence of the infection is higher through worldwide farms (3, 7, 10), present of 
disease being proved also in Romania (8). 

 
Materials and methods 

 
To highlight sanguine biochemical aspects of proliferative enteropathy, 

blood samples were taken by auricular and jugular vein puncture from all swine that 
presented clinical sign of disease. Of all collected samples, 12 samples were 
randomized selected to perform biochemical examination.  
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Biochemical examination of blood was carried out in Bioclinica laboratories.  
Were determinate only some of biochemical parameters, reminding about 

total protein, albumin, the albumin/globulin ratio, GOT, GPT, GGT, total bilirubin, 
creatinine, urea, potassium, calcium, magnesium.  

The examined samples were grouped into several categories depending of 
modified biochemical parameters that were found.  

Total protein values allowed classification of samples into 5 categories: 
 Swine category that had total protein values between 3,50-4,00 g/dl; 
 Swine category that had total protein values between 4,01-4,50 g/dl; 
 Swine category that had total protein values between 4,50-5,00 g/dl; 
 Swine category that had total protein values between 5,01-5,50 g/dl; 
 Swine category with normal total protein values. 

Depending of serum albumin values, studied samples were grouped into 4 
categories: 

 Swine category with values of serum albumin between 1,00-1,50 g/dl; 
 Swine category with values of serum albumin between 1,51-2,00 g/dl; 
 Swine category with values of serum albumin between 2,01-2,40 g/dl; 
 Swine category that had normal vales of serum albumin. 

Based on serum globulin values, studied samples were framed into 3 
categories: 

 Category with serum globulin between 2,00-2,50 g/dl; 
 Category with serum globulin values between 2,51-2,80 g/dl; 
 Category with normal serum globulin values. 

Using the albumin/globulin ratio, studied samples were grouped into 3 
categories: 

 Swine category with albumin/globulin ratio values between 0,1-0,5; 
 Swine category with albumin/globulin ratio values between 0,51-1; 
 Swine category with normal values of albumin/globulin ratio. 

According to GOT obtained values, serum samples were categorized into 4 
categories: 

 Swine group with normal GOT values; 
 Swine group with GOT values between 49,8-70, 0 UI/l; 
 Swine group with GOT values between 70,01-80,0 UI/l; 
 Swine group with GOT values more than 80,01 UI/l/. 

GPT obtained values allowed grouping serum samples into 3 categories: 
 Group of samples with normal values of GPT; 
 Group of samples with values of GPT between 50,01-70 UI/l; 
 Group of samples with values of GPT between 70,01-82,00UI/l. 
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Results and discussions 
 

Biochemical exam of serum samples revealed no values modification of 
GGT, creatinine, urea, calcium, potassium and magnesium. 

Regarding to total bilirubin values it was observed that 3 cases presented 
modification of this parameter, reaching to values of 1,71 µmol/l in two cases and 
1,24 µmol/l in one case, compared to normal values of 0-0,85 µmol/l. 

From all studied biochemical parameters, it seems to serum protein (table 
1) and hepatic transaminase (GOT and GPT) (table 2) suffered significant 
modification.  
 

Table1 
Serum protein values of studied samples 

Total protein g/dl No. of 
samples 

Percentage of 
samples 

3,50-4,00 g/dl 1 8,3% 
4,01-4,50 g/dl 3 25,0% 
4,51-5,00 g/dl 7 58,4% 
5,01-5,5 g/dl 1 8,3% 

Normal values (5,51-6,50 g/dl) 0 0% 
Albumin g/dl No. of 

samples 
Percentage of 

samples 
1,00-1,50 g/dl 2 16,7% 
1,51-2,00 g/dl 6 50,0% 
2,01-2,40 g/dl 4 33,3% 

Normal values (2,41-3,00 g/dl) 0 0% 
Globulin g/dl No. of 

samples 
Percentage of 

samples 
2,00-2,50 g/dl 5 41,7% 
2,51-2,80 g/dl 7 58,3% 

Normal values (2,8- 3,8 g/dl) 0 0% 
Albumin/globulin ratio No. of 

samples 
Percentage of 

samples 
0,1-0,5 2 16,7% 
0,51-1 10 83,3% 

Normal values 1,1-1,5 0 0% 
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Table 2  
Hepatic transaminase values of serum tested samples 

GOT UI/l No. of 
samples 

Percentage of 
samples 

Normal values (28.3-49.7 UI/l) 2 16.7% 
49.8-70.0 UI/I 8 66.7% 
70.1-80.0 UI/l 1 8.3% 
over 80.1 UI/l 1 8.3% 

GPT UI/I No. of 
samples 

Percentage of 
samples 

Normal values (31-58 UI/) 0 0% 
58.01- 70.00 UI/l 9 75.0% 
70.01-82.00 UI/l 3 25.0% 

 
Decreased serum protein can be explained by malabsorption and existing 

of an enteropathy that cause protein losses, as the nephrotic syndromes are 
excluded based on normal values of creatinine and urea. As it observed in fig. 1, 
more than a half of tested samples presented values of total protein between 4.51-
5.00 g/dl and 25% of studied samples had values of total protein between 4.01-
4.50 g/dl. Only 1 sample, representing 8.3%, reaching values of total protein close 
to the normal one. 

 

 
 

Fig. 1. Percentage distribution of total protein values on categories 
 

Serum albumin values were also lower than the normal limits, for all tested 
samples. A half (6 samples) of studied samples presented values of albumin between 
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1.51-2.00 g/dl, 2 samples (16.7%) had values of this parameter between 1.00-1.50 g/dl 
and 4 samples (33.3%) reaching values between 2.01-2.40 g/dl (fig. 2a). 

Such as albumin values, globulin values were lowers the physiological 
limits, phenomenon observed in case of all tested samples. As it presented in fig 
2b, more than a half (7 samples or 58.3%) had globulin values no more than 2.80 
g/dl and 5 samples (41.7%) revealed values lower than 2.50g/dl.  

Because albumin and globulin values were decrease compared to the 
physiological limits, it is understood that albumin/globulin ratio was subunit also.  

 

 
 

Fig. 2. Distribution of albumin values (a) and globulin values (b)  
on categories 

 
Hepatic transaminase values were also modified, being increase compared 

to the physiological limits. 
Thus as showed in fig. 3a, from the 12 studied samples, only 2 (16.7%) 

had values of GOT within normal limits, while most of them (8 samples or 66.7%) 
were more than 20 UI/l increase compared to physiological values and one (8.3%) 
of the sample reaching high level (414 UI/l). 

About GPT values, limits were slightly increase compared to the 
physiological one. Most of the samples (75%) had values of GPT between 50.01-
70.00UI/l, being with 10 UI/l higher than normal limits (fig. 3b). Only 3 samples 
(25%) presented values of GPT greater than 70.00UI/l, but have not reached 
worrying levels. 

These results demonstrate that the changes caused by Lawsonia 
intracellularis infection are digestive.  

Bilirubin is produced in macrophages by the enzymatic catabolism of the 
hem fraction of hemoproteins, and increased beyond normal limits may suggest 
hemolysis, hepatocellular jaundice, extrahepatic biliary obstruction, and even viral 
hepatitis (2). For the differential diagnosis of these conditions, it is necessary to 
determine the direct and indirect bilirubin, the results being corroborated with those 
of the hemoleucogram in the case of hemolysis suspicion or liver transaminase 

a b
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values in case of suspicion of hepatocellular jaundice, viral hepatitis or extrahepatic 
biliary obstruction. 

 
 

 
 

Fig. 3. Percentage distribution of GOT (a) and GPT (b) values on categories 
 
Although blood counts were not possible based on hepatic transaminases, 

which were increased compared to the normal values, it is suspected that 
increased bilirubin for the 3 samples is due to an extrahepatic biliary obstruction. 

Decreased of serum protein caused by malabsorption/maldigestion justifies 
the low of daily average gain. 

Physiologically, GOT is found in tissues such as heart, skeletal muscles, 
liver and encephalus, so an increase of serum value does not always mean a liver 
disease. Instead, GOT correlation with increased GPT, given that GPT high 
concentrations are found in the liver and reduced amounts in the heart and kidney, 
may suggest pathological processes of varying degrees of hepatocytes (2, 11). So, 
the proliferation occurs in small intestine as consequence of Lawsonia 
intracellularis infection cause slightly hepatocytes alteration, translated by increase 
serum transaminase values, probably due the inappropriate drainage of the bile. 
 

Conclusions 
 
The biochemical examination of tested serum revealed total protein 

changes, 58,33% of the examined samples revealed total protein values between 
4,51-5,00 g/dl, on average with 0,75 g/dl lower compared to normal values. 

All studied samples revealed values of serum albumin and globulin lower 
than normal values, so the albumin/globulin ratio had a subunit value, a 
phenomenon due to malabsortion and maldigestion, which explains body 
weakening; even the food intake was considered adequate. 

Hepatic transaminase values were increased for the most of the studied 
samples, so 66.67% of investigated GOT values were higher by 20UI/l compared to 

 

a b
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normal limits, whereas 75% of serum samples the GPT values was higher by 10UI/l 
compared to physiological one. 
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Summary  

Canine herpesvirus infections (CHV) is caused by an alpha herpesvirus, which causes 
reproductive disorders, infertility, abortion and neonatal mortality. This study was conducted 
in a kennel Shepherd Mioritic dog, the puppies resulting from two females, died in a 
proportion of 66% in the first 48 hours after birth. The adult dogs did not show clinical signs 
of disease. Serological examination by reacting immunofluorescence, confirmed the 
presence of antibodies antiherpesvirus canine, to females with reproductive problems. 
Key words: herpesvirus canin, immunofluorescence, antibody. 

 
Canine herpesvirus is produced by an alpha herpesvirus, which is part of 

the Herpesviridae family, and produces a number of clinical manifestations: 
respiratory, ocular, reproductive, and neonatal mortality in puppies (5).  

The disease may evolve as such or in combination with other bacterial 
infections (Bordetella bronchiseptic) or viral ones such as Parainfluenza. The 
disease can be transmitted by respiratory, ocular and transplacentar way (4).  

In the case of pregnant females, the virus may pass from the fetal annexes 
to the fetus and may produce, depending on the stage of gestation, embryonic 
resorption, fetal resorption, abortion, mummification of the offspring, infertility, 
premature births, in proportion of 100% (2, 4, 6).  

In the anatomopathological examination of the puppies that were born 
dead, necrotic lesions can be seen in several organs: liver, spleen, lung, intestines, 
thymus, brain, stomach, myocardium, pancreas, adrenal glands and kidneys. Also, 
haemorrhages in the chest and abdominal cavity can be observed (3).  

Seroprevalence in the case of pet dogs varies from one country to another, 
in England 94%, in the Netherlands 40%, and in the US and Switzerland 6% of the 
dogs examined were seropositive to CHV infection (1).  

A little amount of data on CHV infection is reported in Romania. 
Considering these aspects, the purpose of this study was the confirmation of the 
diagnosis of canine herpesvirus, in a Mioritic Romanian Shepherd's kennel, where 
breeding problems were recorded. 
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Materials and methods 
 
In a Mioritic Romanian Shepherd's kennel, two of the breeding females had 

breeding problems in the period between February 2014 - December 2015, as 
follows:  

Case 1. Female A was paired with male M1, and at first offspring she had 3 
puppies who lived and were healthy. During the year, several dogs from the kennel 
participated in the country's chinological exhibitions with international participation.  

Case 2. Female A was paired again with male M1 the following year, and 
the second time she gave birth she had 5 live puppies and one was born dead. The 
five live puppies immediately started feeding and after a few hours they became 
apathetic, they refused to feed and died after 48 hours.  

Case 3. Female A was subsequently paired with a male M2 from another 
kennel, but in this case, on the ultrasound fetal resorption was observed.  

Case 4. Female A was paired with another male M3 from the same kennel 
and she gave birth to 4 puppies, which after the first feeding refused to feed 
anymore and died in the first two days.  

Case 5. Female B was paired with a male M4 and the first time she gave 
birth she had 4 puppies that lived.  

Case 6. Female B was paired with the same male M2 and the second time 
she gave birth she had 4 live puppies, which died within 2 -3 days.  

The dead puppies were subjected to the anatomopathological examination. 
From the two females, blood samples were collected 3 weeks after giving 

birth for the serological examination. 5 ml of blood from the cephalic vein were 
harvested, placed in tubes, left at room temperature for one hour, then centrifuged, 
separated, processed and examined. In order to highlight the anti-Brucella canis 
antibodies, an etiological agent that may be involved in breeding problems, the 
serums were examined using the rapid diagnostic kit C. Brucella Ab.  

Using the Mega Fluo CHV kit, the serums were tested to detect IgG, anti 
CHV antibodies and examined by indirect immunofluorescence reaction. The 
lamellae were read under fluorescence microscope. 
 

Results and discussions 
 
On the clinical examination of the adult dogs from the kennel, during the 

course of the outbreak, there were no clinically obvious signs that would draw the 
attention of the breeder, possibly some faint respiratory symptoms, which occurred 
in the cold season.  

Newborn pappies, immediately after the first suckle refused to feed 
anymore, became anorexic, refused to suck, were initially agitated and crying, later 
became lethargic, presented hypothermia, were rejected by their mother, then 
became rigid, lost weight and died.  
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From the 5 birthings, 21 puppies resulted, of which 14 puppies (66, 66%) 
died in the first days after they were born. 

Clinical signs found by us are similar to those described in the literature, 
which also mentions nervous signs, deafness and blindness in puppies that have 
been infected after 2-3 weeks of age (4). 

During the anatomopathological examination, of all the puppies, severe 
haemorrhagic lesions were found in the thoracic and abdominal cavity (Fig 1). 
Internal necrotic haemorrhagic lesions in the liver (Fig. 3) kidney and spleen (Fig 4) 
have been observed during the internal organ examination. Pulmonary lesions and 
hemorrhage were observed during the examination of the lungs (Fig 2). 

The presence of necrosis outbreaks and multifocal haemorrhages in the 
internal organs found in the necropsy examination are in correlation with those 
described in the literature (3).  

The serological exam performed on the serum samples collected for the 
detection of Brucella canis antibodies was negative.  

To confirm CHV infection in the kennel, serum samples were tested by 
indirect immunofluorescence reaction using the Mega Fluo CHV kit according to 
the manufacturer's recommendations.  

In this study, the serums were tested only at a 1:80 (cut off) dilution. 
According to the kit manufacturer's recommendation, IgG titers of 1: 80 and higher 
are considered positive and reflect the infection in an undetermined time.  

The lamellae revealed antibody titers of anti-herpesvirus canine antibodies 
at all serum samples examined.  

Our study confirmed the presence of CHV infection in the Mioritic 
Romanian Shepherd's kennel studied.  

The large number of seropositive dogs in CHV infection has been reported 
by several authors worldwide (1, 3).  

Dogs older than 3 years, those participating in exhibitions and those used 
for breeding purpose have a higher infection exposure rate than younger ones 
because the sexual path is considered the main route of infection (7).  

Based on anamnesis, clinical signs and anatomopathological lesions, the 
clinician may suspect the disease, but the etiological confirmation is not always 
performed.  

This study contributes to the identification and raising awareness of the 
existence of a common cause of neonatal deaths in puppies and recommends the 
introduction of control measures and vaccination, which is currently not practiced in 
Romania.  

For kennels with a history of CHV infection, preventive vaccination of 
breeding females is recommended. 
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Fig. 1. Severe haemorrhagic lesions in the thoracic and abdominal cavity. 
 

 
 

Fig. 2. Haemorrhagic lesions in the lungs 
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Fig. 3. Haemorrhagic lesions in the liver 
 

 
 

Fig. 4. Haemorrhagic lesions in the kidney and spleen 
 

Conclusions 
 
The results of this study have shown the presence of CHV infection in a 

Romanian Mioritic Shepherd's kennel. 
Neonatal mortality in puppies was 66.66% 
The serological test confirmed the presence of canine herpesvirus infection 

at titers of 1:80 by indirect immunofluorescence reaction. 
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Summary 
E. coli is a major pathogen in the animal health industry, and one of the bacteria that very 
rapidly develop resistance to antibiotics. The presence of multi-drug-resistant strains is 
becoming more common, and the discovery of new antibiotics by researchers is not able to 
keep up with the rate of evolution. The present study aims at trying to explore the possibility 
that susceptibility to antibiotics is augmented by an acidified living environment. The starting 
point of this prospect is the fact that feed acidifiers used prior or in the same as antibiotics 
increase the efficiency of therapy. A number of 50 E. coli samples isolated from intensive 
growth systems turkeys where tested. After a 24 h and 72 h exposure time to pH values 
ranging from 4 to 6.5, and performing susceptibility tests by Kirby-Bauer method prior and 
after the exposure time. The antibiotics used are of both clinical importance and 
experimental ones: florfenicol, lincomycin + neomicyn, nitrofurantoin, ciprofloxacin, 
enrofloxacin, doxycycline, amoxiciline + clavulanic acid and furazolidone. Results show a 
small variation in susceptibility to antibiotics, the greatest difference seen being of 6 mm in 
inhibition diameters between original sample strain and acid exposed strain. Occurrence of 
such differences do not vary with pH nor antibiotic tested, and can be seen as positive or 
negative variations from initial strain inhibition diameters. 
Keywords: acid environment, antibiotic susceptibility, E. coli, turkeys 
 

Escherichia coli is a commensal bacterium of the intestinal tract of various 
animal species and humans. Among the many harmless strains, pathogenic 
isolates exist; and such strains can be harmful, especially for young animals but 
even for fully immunocompetent adults as well as for humans (6, 10). Virulent E. 
coli strains can be classified into two major groups, intestinal and extraintestinal 
pathogens, with the latter represented mainly by those variants causing neonatal 
meningitis and uropathogenic ones. The first category comprises various 
pathotypes, including enterotoxigenic, enteropathogenic, enteroaggregative, 
enteroinvasive and Shigatoxin producing E. coli (STEC), with the last group 
including the subgroup of enterohemorrhagic E. coli (2, 7). Especially strains in the 
STEC category have the capacity to inflict major damage on different organs, 
depending on the presence of several virulence factors, and STEC pathotypes are 
of interest for epidemiological surveillance. Some STEC strains have zoonotic 
potential, with a reservoir mainly in ruminants (3, 4, 10). 



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017 TIMISOARA 
 

69 

Antibiotic resistance is a commonly seen problem with this bacteria, being one 
of the most studied in this regard. Most recently the development of multi drug resistant 
strains have taken the focus of studies due to the negative implications on animal and 
human health. Resistance appears after exposure to sublethal doses of drugs after 
which bacteria develop general or specific coping mechanisms (excretion pumps, 
antibiotic action site alteration, synthesis enzymes directed against the chemical 
structures of drug molecules) (5). Dealing with the phenomenon in practice is difficult 
because after acquiring resistance the bacterial strain maintains and diffuses this 
characteristic onto its descendants and other bacteria, even from other species. The 
bacteria that was capable of developing resistance to one antibiotic is genetically 
favored to do so with others thus acquiring multi drug resistance and in extreme cases 
pan drug resistance, E. coli being one of the candidates for these achievements. 
Therefore antibiotic resistance in the antibiotic era is an important problem that is 
rapidly evolving to a crisis if methods of control and limitation are not found and 
implemented. Such measures are reducing and avoiding, when possible, the use of 
antibiotics and using them as directed by an antibiogram. There are few alternatives to 
antibiotics, the more rational and feasible approach being focusing more on prevention 
rather than treating in advance. One way for preventing bacterial disease of intestinal 
origin is diet acidifiers (9). 

The use of feed acidifiers in poultry is a common practice among farmers in 
the industry. It seems the method works as a growth promoter by inhibiting bacterial 
development in the gut of the birds. The general view upon the topic and its 
mechanism of action is that organic acids added in the drinking water reduce the 
bacterial load, primarily in the drinking water itself and consequently reduces the 
bacterial load in the intestinal tract, thus minimizing exposure of the animal to them (2, 
5). This strategy is the foundation for reducing antibiotic use in food animals and only 
implementing antibiotic therapy when necessary. The use of other feed additives in 
animals mostly follows the same principle in the global effort to reduce and if possible 
to avoid antibiotic drugs in the diet of food production animals. In addition to organic 
acids as feed additives for growth promotion, enzymes and oligosaccharides have 
been implemented (9). 

In one study it was determined that lactic acid treatment reduces bacterial 
count of six nSTEC serogroups of E.coli, antibiotic-susceptible and multidrug-resistant 
Salmonella (5). 

In 2000, Alakomi et al. (1), utilizing a fluorescent-probe uptake assay and 
sensitization to bacteriolysis, studied the effect of lactic acid, EDTA and hydrochloric 
acid on the outer membrane permeability of Escherichia coli, Pseudomonas 
aeruginosa, and Salmonella enterica. They found that a pH value of 4 lactic acid 
caused prominent permeabilization in each species, the effect being stronger than that 
of HCl or EDTA. The permeabilization by hydrochloric and lactic acid was partly 
suppressed by MgCl2. Lactic acid sensitized E. coli and Salmonella to the lytic action of 
sodium dodecyl sulfate (SDS) more efficiently than hydrochloric acid did, whereas both 
acids sensitized P. aeruginosa to SDS and to Triton X-100. P. aeruginosa was 
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effectively sensitized to lysozyme by lactic acid and by hydrochloric acid. Considerable 
proportions of lipopolysaccharide were liberated from Salmonella by these acids; 
analysis of liberated material by fatty acid analysis and by electrophoresis showed that 
lactic acid was more active than HCl or EDTA in liberating outer membrane 
lipopolysaccharide. Thus, lactic acid, in addition to its antimicrobial property due to the 
lowering of the pH, also functions as a permeabilizer of the gram-negative bacterial 
outer membrane and may act as a potentiator of the effects of other antimicrobial 
substances (1,6). 

The present study aims at trying to explore the possibility that susceptibility to 
antibiotics is augmented by an acidified living environment. The starting point of this 
prospect is the fact that feed acidifiers used prior or in the same as antibiotics increase 
the efficiency of therapy. 

 
Materials and methods 

 
The study was performed using E.coli isolates from turkey meat farms in 

central Romania, 50 strains were taken from 3 rounds of sampling corresponding to 
3 production cycles. Sampling was performed during the necropsy of young dead 
birds showing hemorrhagic-necrotic enteritis, peritonitis, airsacculitis, pericarditis, 
severe dehydration, unabsorbed vitellus, polyserositis. The presence of E. coli in 
the majority of cases in the intestine, abdominal airsacks, spleen, liver and bone 
indicated a coli-septicemia.  

The isolation protocol used was using sterile technique to harvest samples 
from internal organs (liver, lung/airsack, pericardium, femur medula) and plaiting on 
MacConkey agar (OXOID CM0115). Lactose positive colonies were then plated on 
Levine agar (eosin methylene blue agar, OXOID CM 0069) and Brilliance E. coli / 
coliform selective agar (OXOID CM 1046). The characteristic green sheen/ purple 
colonies were then plated on nutrient agar and a oxidase test was performed. The 
oxidase negative presumptive E. coli strains were confirmed by API 20E (bioMérieux, 
France) multi-test system. After the biochemical confirmation for each strain an 
antibiogram was carried out using the Kirby-Bauer disk diffusion susceptibility test (8). 
Antibiotics used were selected to be of both practice importance and some for 
experimental purposes, thus the following antibiotic discs were implemented: florfenicol 
(30μg), lincomycin + neomicyn (75μg), nitrofurantoin (300g), ciprofloxacin (30μg), 
enrofloxacin (5μg), doxycycline (30μg), amoxiciline + clavulanic acid (30μg) and 
furazolidone (50μg). The next step was preparing the acidified medium using standard 
liquid broth (neutral pH) and a commercial feed acidifier: VerSal Liquid® (formic acid (E 
236) 61%, lactic acid (E 270) 8%, propionic acid (E 280) 5%, citric acid (E 330) 3%, 
acid acetic (E 260)). Using sterile glassware and a pH-meter the liquid broth was 
titrated to pH values of 6.5, 6, 5.5, 5, 4.5 and 4 with the commercial acid mix. The acid 
broth solutions were then sterilized in the autoclave 15 minutes at 121ºC, in stock 
solution jars. For each strain tested a series of 6 acid broth test tubes (pH 6.5 to 4) 
containing 4ml solution was inoculated and incubated for 72h at 37ºC in aerobic 
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conditions. At the 24h mark a subculture from each test tube was carried out onto 
normal broth and from these a Kirby-Bauer disk diffusion susceptibility test was made 
using the same antibiotics as described before. After the 72h elapse period another 
susceptibility test was conducted, all three assays were recorded and compared.  

 
Results and discussions 

 
The strains were codified using the roman letters I, II, III for first, second 

and third batch of samples and for each of them in consecutive order, each strain 
was given a number. Then each Kirby-Bauer set of assays was coded with letters: 
no letter for initial test, a) for first test (after 24h exposure time) and b) for the 
second test (after 72h exposure time). The antibiotics used are abbreviated as 
follows: Florfenicol= FFC, Lincomycin + Neomycin = LCN, Nitrofurantoin = F, 
Ciprofloxacin = CIP, Enrofloxacin = ENF , Doxycycline = DO, Amoxicillin Clavulanic 
acid = AMC, Furazolidone = FX50. Comparison between initial, first and second 
susceptibility tests were performed according to the example in Table 1, for each 
isolate, showing the diameter of inhibition in millimeters. The initial antibiogram for 
each strain is shown in table 2 for the first batch, table 3 for the second batch and 
table 4 for the third batch.  

There were minimal differences between initial strain susceptibility and the 
one observed after the exposure to the acidified medium. In most cases the growth 
was completely inhibited by the pH value of 4, showing no growth in the subculture 
test tube after 24h. Similarities in susceptibility to antibiotics were seen between 
isolates from the same batch, pointing towards either selection under pressure of 
the same antimicrobials or maybe the same strain. Differences between initial and 
acid medium exposed strains in the following cases: I1 initial susceptibility to 
ciprofloxacin 27 to a max increase of 3 for various pH levels in I1a) and I1b), AMC 
from 16 to +3(19mm) and -3(13mm), FX 17 to +4(21mm) for I1a)pH4.5 and 
I1b)pH4.5. Significant differences (>5mm) were observed in only 4 strains II6 CIP 
from 30mm to II6a)pH5 - 24mm, II6a)pH 4.5 - 25mm, II6b)pH5.5 – 25mm; II7 from 
ENF 15mm to II7 a)pH6 – 20mm, II7a)pH5 – 20mm, II7b)pH5.5 – 21mm; III1 from 
FFC 21mm to III1b)pH6.5 - 15mm and III5 from LCN 12mm to III5a)pH4.5 – 16mm, 
III5a)pH4 - 16mm, III5b)pH5 – 15mm, III5b)pH4.5 – 16mm. 
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Table 1  
Comparison between the three susceptibility tests for strain i1  

(first of batch one, diameters in mm) 
Strain 

 
Antibiotic 

I1 I1a) 
pH 
6.5 

I1a) 
pH 
6 

I1a) 
pH 
5.5 

I1a) 
pH 
5 

I1a) 
pH 
4.5 

I1a) 
pH 
4 

I1b) 
pH 
6.5 

I1b) 
pH 
6 

I1b) 
pH 
5.5 

I1b) 
pH 
5 

I1b) 
pH 
4.5 

I1b) 
pH 
4 

FFC 22 20 21 22 20 22 N.G. 22 21 20 20 22 N.G. 
LCN  17 19 18 17 18 16 N.G. 17 18 17 18 17 N.G. 
F 18 19 20 19 18 20 N.G. 20 20 19 18 20 N.G. 
CIP 27 28 30 28 29 30 N.G. 30 30 29 29 29 N.G. 
ENF  19 20 19 18 18 19 N.G. 19 19 19 19 19 N.G. 
DO 20 20 18 19 19 20 N.G. 18 19 18 19 19 N.G. 
AMC 16 19 18 13 13 20 N.G. 17 18 16 17 19 N.G. 
FX 17 18 19 19 17 21 N.G. 20 19 19 20 21 N.G. 

 
Table 2  

Initial kirby-bauer assay for first batch of isolates (diameters in mm) 
 FFC LCN F CIP ENF DO AMC FX 
I1 22 17 18 27 19 20 16 17 

I2 21 16 18 28 20 19 15 15 

I3 22 16 18 28 20 19 14 15 

I4 22 17 17 30 19 19 14 17 

I5 23 17 18 30 20 18 17 14 

I6 21 18 18 28 18 19 14 18 

I7 23 16 18 29 18 17 14 15 

I8 23 16 18 29 21 20 15 14 

I9 23 16 18 29 21 19 15 19 

I10 21 16 17 27 20 12 14 17 

I11 24 16 18 27 18 18 15 17 

I12 22 17 18 29 19 18 15 18 

I13 21 17 18 28 19 17 14 12 

I14 22 18 18 28 19 18 16 18 

I15 22 16 18 27 20 19 16 17 

I16 22 16 18 30 20 19 16 13 

I17 22 17 18 30 20 20 16 14 
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Table 3  
Initial kirby-bauer assay for second batch of isolates (diameters in mm) 
 FFC LCN F CIP ENF DO AMC FX 

II1 21 12 16 28 18 18 6 15 

II2 21 13 16 27 17 18 6 16 

II3 21 14 16 27 17 18 6 15 

II4 25 12 16 27 18 18 6 16 

II5 22 12 16 29 17 19 6 18 

II6 22 14 17 30 18 17 6 18 

II7 21 11 16 22 15 16 6 11 

II8 26 16 17 29 20 21 6 16 

II9 21 13 16 28 19 18 6 16 

II10 21 12 16 28 19 18 6 17 

II11 22 12 16 29 19 19 6 17 

II12 21 12 16 28 18 19 6 17 

II13 25 12 16 28 19 16 6 17 

II14 22 13 16 28 19 16 6 16 

II15 22 13 16 28 17 17 6 16 

II16 23 13 17 29 19 18 6 17 

II17 21 12 17 27 19 18 6 17 

 
Table 4 

Initial kirby-bauer assay for third batch of isolates (diameters in mm) 
 FFC LCN F CIP ENF DO AMC FX 
III1 21 15 16 12 6 6 6 13 

III2 21 16 16 15 6 6 6 12 

III3 22 16 16 14 6 6 6 12 

III4 23 16 16 13 6 6 6 12 

III5 21 12 14 14 6 6 6 14 

III6 20 15 16 14 6 6 6 14 

III7 21 15 16 14 6 6 6 15 

III8 20 16 17 15 6 6 6 12 

III9 20 15 16 15 6 6 6 13 

III10 19 14 17 15 6 6 6 12 

III11 18 16 17 13 6 6 6 12 

III12 19 16 16 12 6 6 6 12 

III13 20 15 16 14 6 6 6 12 

III14 21 15 16 14 6 6 6 13 

III15 21 16 16 15 6 6 6 12 

III16 21 16 16 14 6 6 6 12 

 
  



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017 TIMISOARA 
 

74 

Conclusions 
 

In the overview on the results of the experiment by exposure of E. coli 
clinical isolates to acid environments, the statistically significant change in 
susceptibility to antimicrobials could not be linked to a specific pH value. 

Significant differences (≥5mm) were observed at 8% of the isolates for a 
total of four antibiotics. 

Statistically not significant differences (2-4mm) were observed in 100% of 
the isolates for at least one antibiotic, probably due to slight differences in inoculum 
concentrations. 

Changes in antibiotic susceptibility do occur, but the causative factor or 
factors could not be identified, advocating the need for further study. 
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Summary 

Trueperella pyogenes (formerly known as Arcanobacterium pyogenes) is described as an 
opportunistic bacterium incriminated in miscellaneous pyogenic infections (mastitis, 
abscesses, pneumonia, lymphadenitis, septicemia, encephalitis, pyometra, prostatitis, 
orchitis, seminal vesiculitis, pericarditis, omphalitis). Previous case reports indicated this 
pathogenic ability in several domestic animals: ruminant, pigs, horses and dogs. This case 
report describes the etiological role of Trueperella pyogenes in calves pneumonia based on 
the isolation and identification of the bacterium from lungs and lymph nodes samples 
referred to a veterinary laboratory by a fattening calves farm. The outbreak was 
characterized by elevated morbidity and mortality, limited response to antimicrobial 
treatment, with animals presenting chronic respiratory signs and severe extended lung 
abscesses. The strain was found to be resistant towards several antimicrobial products: 
penicillin/streptomycin combination, ampicillin, amoxicillin and clavulanic acid, doxycycline, 
oxytetracycline, gentamicin and florfenicol; in vitro susceptibility was recorded only in case of 
cefquinome, marbofloxacin and enrofloxacin. 
Keywords: Trueperella pyogenes, calves, pneumonia 

 
Trueperella pyogenes (formerly known as Arcanobacterium pyogenes) is 

regarded as an opportunistic bacterium incriminated in miscellaneous pyogenic 
infections described in animals (3,4,7,9,11,14,15), but also human (6). The most 
commonly reported pathologies in animals are the following: mastitis (1,2,3,14), 
abscesses, pneumonia (5,12), lymphadenitis, septicemia, encephalitis, pyometra 
(15), prostatitis, orchitis, seminal vesiculitis, pericarditis, omphalitis) (3,4,7,9). 
Previous case reports indicated this pathogenic ability in several domestic animals: 
ruminant, pigs, horses and dogs (3,4,8,9).  

This study was aimed to describe the isolation of Trueperella pyogenes 
from calves presenting chronic pneumonia. The outbreak was characterized by 
elevated morbidity and mortality, limited response to antimicrobial treatment, with 
animals presenting chronic respiratory signs and severe extended lung abscesses. 
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Materials and methods 
 

Samples were submitted for examination to the diagnostic laboratory of the 
Infectious Diseases Discipline, Faculty of Veterinary Medicine Cluj-Napoca, 
Romania. The referred organs were represented by lungs and lymph nodes 
collected from calves. The animals originated from a fattening farm with relatively 
poor hygienic and welfare conditions were confirmed with repeated outbreaks of 
bovine respiratory diseases complex. The latest outbreak involved about 90% of 
the calves, with the animals displaying fever, lethargy, anorexia or reduced 
appetite, serous to mucopurulent nasal discharge, cough, and dyspnea. The 
animals were administrated at least two antimicrobial treatments (tulatromycin and 
marbofloxacin, enrofloxacin), with variable clinical efficacy. 

The samples were cultured on Blood agar (Oxoid Ltd., Hampshire, UK) for 
48 hours at 37°C in 5% CO2. Trueperella pyogenes identification was based on 
conventional bacteriological methods (Gram staining, colony morphology, 
haemolysis, catalase test, oxidase test, CAMP test. The in vitro antimicrobial 
susceptibility testing was performed using the standard Kirby-Bauer disc diffusion 
method according to CLSI guidelines. The following antimicrobials were tested: 
penicillin (P, 1IU), streptomycin (S, 10 µg), ampicillin (AMP, 10 µg), amoxicillin/ 
clavulanic acid (AMC, 20/10 µg), tetracycline (TE, 30 µg), doxycycline (DO, 30 µg), 
gentamycin (CN, 10 µg), enrofloxacin (ENR, 5 µg), marbofloxacin (MAR, 5 µg), 
cefquinome (30 µg), florfenicol (FFC, 30 µg) (susceptibility discs, Oxoid Ltd., 
Cambridge/UK). 

 
Results and discussions 

 
All samples (lungs and lymph nodes) were found microbiologically positive 

for the isolation of Trueperella pyogenes. The results of the in vitro antimicrobial 
susceptibility testing indicated resistance towards the following antimicrobial 
agents: penicillin/streptomycin combination, ampicillin, amoxicillin and clavulanic 
acid, doxycycline, tetracycline, gentamicin and florfenicol; in vitro susceptibility was 
observed only for cefquinome and two quinolones - marbofloxacin and 
enrofloxacin. 

The use of antimicrobials is a requirement given the nature of the infection, 
but the limited clinical efficacy can be explained based on several aspects; among 
these, the lesion characteristics - purulent and extended (Figure 1) – suggesting a 
delayed administration and a possible reduced penetration, together with a limited 
antimicrobial activity in pus. Also, the laboratory results indicated in vitro 
antimicrobial resistance towards seven products commonly used to treat bovine 
respiratory disease: penicillin/streptomycin combination, ampicillin, amoxicillin and 
clavulanic acid, doxycycline, oxytetracycline, gentamicin and florfenicol. 
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Fig.1. Lesional aspects associated with Trueperella pyogenes 
 

The occurrence and patterns of antimicrobial resistance found in 
Trueperella pyogenes strain isolated from calves are comparable with literature 
data (1,10,11,13). Trueperella pyogenes strains isolated from domestic animals 
were found susceptible to tested beta-lactams, but resistant to enrofloxacin, 
tetracycline, macrolides, and clindamycin (10). A Chinese study evaluating the 
strains responsible for bovine mastitis reported biofilm production ability and high 
occurrence of multidrug resistance, with low susceptibility to trimethoprim-
sulphamethoxazole (10%) and bacitracin (2%) and susceptibility to rifampin (96%), 
ampicillin (94%), ciprofloxacin (94%), and penicillin (92%) (1). Also, bovine strains 
isolated from metritis cases were found resistant to amoxicillin (56.9%); ampicillin 
(86.1%), chloramphenicol (100%), florfenicol (59.7%), oxytetracycline (54.2%), 
penicillin (86.1%) and tetracycline (50%), with 88.9% of the isolates resistant to at 
least 3 of the antimicrobial agents tested (11).  
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Since this bacterium is described as an opportunistic pathogen (3,4,7,9), 
the measures should also target the detection and control of the triggering factor(s) 
for the immunosuppressive state (stress factors, concurrent diseases, poor welfare 
and hygiene conditions). 

 
Conclusions 

 
This case report described the etiological role of Trueperella pyogenes in 

calves chronic pneumonia based on the isolation and identification of the bacterium 
from lungs and lymph nodes samples. The bacterial strain was found to be 
resistant towards several antimicrobial products: penicillin/streptomycin 
combination, ampicillin, amoxicillin and clavulanic acid, doxycycline, 
oxytetracycline, gentamicin and florfenicol; in vitro susceptibility was recorded only 
in case of cefquinome, marbofloxacin and enrofloxacin. 

These results underline the Trueperella pyogenes potential to develop 
antimicrobial resistance, thus the need to evaluate and monitor its trends, but also 
point out the need of the prudent use of antimicrobial agents. 
 

References 
 

1. Alkasir, R., Wang, J., Gao, J., Ali, T., Zhang, L., Szenci, O., Bajcsy, 
Á.C., Han, B., Properties and antimicrobial susceptibility of Trueperella 
pyogenes isolated from bovine mastitis in China, Acta Vet. Hung., 2016, 
64(1), 1-12. 

2. Bi, Y., Wang, Y.J., Qin, Y., Guix Vallverdú, R., Maldonado García, J., 
Sun, W., Li, S., Cao, Z., Prevalence of Bovine Mastitis Pathogens in Bulk 
Tank Milk in China, PLoS One, 2016,11(5),e0155621. 

3. Hijazin, M., Ulbegi-Mohyla, H., Alber, J., Lämmler, C., Hassan, A.A., 
Abdulmawjood, A., Prenger-Berninghoff, E., Weiss, R., Zschöck, M., 
Molecular identification and further characterization of Arcanobacterium 
pyogenes isolated from bovine mastitis and from various other origins, J. 
Dairy Sci., 2011, 94(4), 1813-1819. 

4. Jost, B.H., Billington, S.J., Arcanobacterium pyogenes: molecular 
pathogenesis of an animal opportunist, Antonie Van Leeuwenhoek, 2005, 
88(2), 87-102. 

5. Kishimoto, M., Tsuchiaka, S., Rahpaya, S.S., Hasebe, A., Otsu, K., 
Sugimura, S., Kobayashi, S., Komatsu, N., Nagai, M., Omatsu, T., Naoi, 
Y., Sano, K., Okazaki-Terashima, S., Oba, M., Katayama, Y., Sato, R., 
Asai, T., Mizutani, T., Development of a one-run real-time PCR detection 
system for pathogens associated with bovine respiratory disease complex, 
J. Vet. Med. Sci., 2017, 79(3), 517-523. 



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017, TIMISOARA 
 

80 

6. Levy, C.E., Pedro, R.J., Von Nowakonski, A., Holanda, L.M., Brocchi, 
M., Ramos, M.C., Arcanobacterium pyogenes Sepsis in Farmer, Brazil, 
Emerging Infectious Diseases, 2009, 15(7), 1131-1132.  

7. Ozturk, D., Turutoglu, H., Pehlivanoglu, F., Guler, L., Virulence Genes, 
Biofilm production and antibiotic susceptibility in Trueperella pyogenes 
isolated from cattle, Israel Journal of Veterinary Medicine, 2016, 71 (3), 36-
42. 

8. Ponnusamy, P., Ronald, B.S.M., Ranjith Kumar, M., Ananda Chitra, M., 
Manickam, R., A rare case of bovine abortion due to Trueperella 
pyogenes, International Journal of Science, 2017, 6(1), 284 – 287. 

9. Ribeiro, M.G., Risseti, R.M., Bolaños, C.A., Caffaro, K.A., de Morais, 
A.C., Lara, G.H., Zamprogna, T.O., Paes, A.C., Listoni, F.J., Franco, 
M.M., Trueperella pyogenes multispecies infections in domestic animals: a 
retrospective study of 144 cases (2002 to 2012), Vet Q., 2015, 35(2), 82-
87.  

10. Rzewuska, M., Czopowicz, M., Gawryś, M., Markowska-Daniel, I., 
Bielecki, W., Relationships between antimicrobial resistance, distribution 
of virulence factor genes and the origin of Trueperella pyogenes isolated 
from domestic animals and European bison (Bison bonasus), Microb. 
Pathog., 2016, 96, 35-41. 

11. Santos, T.M., Caixeta, L.S., Machado, V.S., Rauf, A.K., Gilbert, R.O., 
Bicalho, R.C., Antimicrobial resistance and presence of virulence factor 
genes in Arcanobacterium pyogenes isolated from the uterus of 
postpartum dairy cows, Vet. Microbiol., 2010,145(1-2), 84-89.  

12. Scott, P.R., Clinical presentation, ascultation recordings, ultrasonographic 
findings and treatment response of 12 adult cattle with chronic suppurative 
pneumonia: case study, Irish Veterinary Journal, 2013, 66(1), 5.  

13. Yoshimura, H., Kojima, A., Ishimaru, M., Antimicrobial susceptibility of 
Arcanobacterium pyogenes isolated from cattle and pigs, Infect. Dis. Vet. 
Public Health, 2000,47(2),139-143. 

14. Zastempowska, E., Lassa, H., Genotypic characterization and evaluation 
of an antibiotic resistance of Trueperella pyogenes (Arcanobacterium 
pyogenes) isolated from milk of dairy cows with clinical mastitis, Vet. 
Microbiol., 2012,161(1-2), 153-158.  

15. Zhang, D., Zhao, J., Wang, Q., Liu, Y., Tian, C., Zhao, Y., Yu, L., Liu, M., 
Trueperella pyogenes isolated from dairy cows with endometritis in Inner 
Mongolia, China: Tetracycline susceptibility and tetracycline-resistance 
gene distribution, Microb. Pathog., 2017, 105, 51-56. 

 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. L (3), 2017, TIMIŞOARA 
 

81 

PROLIFERATIVE BACTERIAN ENTERITIS OF THE SWINE. 
EXPERIMENTAL STUDY 

 
O. MEDERLE1, ANCA HULEA2, MILANA MIUCA1, NARCISA MEDERLE2, V. 

HERMAN2 
 

1”Victor Babes” University of Medicine and Pharmacy, Faculty of Medicine, Eftimie 
Murgu, 2, Timisoara – 300309, Romania 

2Banat’s University of Agricultural Sciences and Veterinary Medicine ”King Michael I 
of Romania” from Timisoara, Faculty of Veterinary Medicine, Calea Aradului, 119, 

Timisoara – 300645, Romania 
E-mail mederle.ovidiu@umft.ro 

 
Summary 

To describe the lesions of the porcine proliferative enteritis, we used the 
morphological and histopathological examinations. We applied the  immunohistochemical 
technique for identification of bacterial antigens. We used the working system NovoLink Max 
Polymer detection with antibody Lawsonia intracelularis (Novocastra, Newcastle UponTyne, 
UK). We performed imunohistochemical method using DakoCytomation Autostainer. We 
used chromogen 3,3-diamino-benzidine and Lille haematoxylin for counterstain. We 
examined mophopathologically 520 gastrointestinal samples taken from the slaughtered 
pigs. There were investigated 120 ileum fragments with lesions and 26 intestinal fragments 
without lesions by histopathological technique. Immunohistochemical technique has been 
used to examine 135 intestinal samples (109 samples with lesions, 26 samples without 
lesions). Intestinal adenomatosis lesions have been identified in 71,1% (370) out of 520 
gastro-intestinal pig samples, by morphopathological exam.The histological examination of 
120 intestinal samples has releved the pathognomonic lesion. A cellular infiltrate in the lamia 
propria of the mucosa with mastocytes, lymphoplastocytes, eosinophils and, in a smaller 
proportion, macrophages could be due to an allergic reaction to a protein on the surface of 
Lawsonia intracellularis.By IHC technique, we have highlighted bacterial antigens Lawsonia 
intracellularis in lamina propria of the intestinal samples with or without lesions. 
Keywords: Lawsonia intracellularis, lesions, immunohistochemistry 

 
Intracellular infection by Lawsonia intracellularis, the aetiological agent of 

proliferative enteritis, occurs all over the world, in different types of production 
systems that affect young pigs. This infection determines significance economic 
losses through young breeding and growing-finishing pigs especially due the lower 
average daily gain. Unfortunatly, the pathogenesis of this disease has an aspects 
unknown yet (1, 2, 5, 10). 

 
Materials and methods 

 
To describe the lesions of the porcine proliferative enteritis, we used the 

morphological and histopathological examinations. We applied the  
immunohistochemical technique for identification of bacterial antigens. We used the 
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working system NovoLink Max Polymer detection with antibody Lawsonia 
intracelularis (Novocastra, Newcastle UponTyne, UK). We performed 
imunohistochemical method using DakoCytomation Autostainer. We used 
chromogen 3,3-diamino-benzidine and Lille haematoxylin for counterstain. 

We examined mophopathologically 520 gastrointestinal samples taken 
from the slaughtered pigs. There were investigated 120 ileum fragments with 
lesions and 26 intestinal fragments without lesions by histopathological technique. 
Immunohistochemical technique has been used to examine 135 intestinal samples 
(109 samples with lesions, 26 samples without lesions) (3, 4, 6, 7, 8, 9). 

 
Results and discussions 

 
The mophopathological exam of the gastro-intestinal pig samples has 

shown that 370 (71, 1%) out of 520 subjects presented enteritis. Only cases of 
intestinal adenomatosis have been observed (table 1).  

  
Table1 

The results from the macroscopic examination 
 hemorrhagic 

enteropathy 

intestinal 

adenomatosis 

necrotic 

enteritis 

without lesions  

ileum  0 68 0 150 

ileum and jejunum  0 219 0 

ileum, jejunum and 

colon  
0 83 0 

number of positive 

probes   
0 370 0 

total number of 

examined probes 
520 
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We emphasized in the intestinal samples, the folowing morphopatological 
aspects: edema of the serous membrane, deep proliferation with folds of the 
mucosa, narrowing of the lumen and cerebriform aspect of the intestine. We did not 
identify hemorrhagic,ulcerative and necrotic lesions; this eliminates the possibility 
of an acute form of the disease.   

The pathognomonic lesion is the epithelial proliferation accompanied by the 
growing in thickness of the intestinal mucosa (10). This lesion has been found in 
this study, the characteristic lesions have been evidenced in the ileum and jejunum 
in 219 cases (59,1%) out of 520 examined samples. The extension of the lesions at 
the level of the proximal colon has been remarked in 83 cases (22, 4%), and 
regional ileitis has been found in 68 cases (18, 3%) (table 1). 

The swine’s proliferative enteritis generates changes within every layer of the 
mucosal tunic (epithelial, lamina propria and muscular).  

The histopathological exam of the colored sections with Hematoxylin-Eosin 
allowed us to analyze the intestinal mucosa’s structure. The atrophy of the 
intestinal villi was evidenced on the intestinal samples which are contracted and 
covered in poorly differentiated cells.     

Histological, the small intestine’s epithelium is simple, columnar, made of 
goblet cells and enterocytes (4). Lawsonia intracellularis stimulates the proliferation 
of enterocytes and stops them maturation, the result will be an epithelial 
hyperplasia caused by the immature enterocytes villi mobility at the surface or in 
the intestine’s glands (1,2, 5, 10).  

In our study, the epithelium seems stratified with the presence of numerous 
immature enterocytes; goblet cells are absent. The presence of a moderate, or 
sometimes, abundant lymphocyte infiltrate has been observed at the level of the 
lamina propria, reaching out to the muscular tunic of the small intestine (Fig.1). An 
alternation between the areas with epithelial hyperplasia and those with cellular 
desquamation has been observed; and sometimes, intestinal vilii without 
histopathological changes near the lesions. The goblet cells are missing in the 
areas affected by hyperplasia, and the desquamated cells and the detritus are 
eliminated in the intestinal lumen. 

By IHC technique, we have highlighted bacterial antigens Lawsonia 
intracellularis in lamina propria enterocytes and macrophages (Fig. 2, 3). 



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017, TIMISOARA 
 

84 

 
 

Fig. 1. Leucocytes infiltrate - lamina propria and muscular tunic 
 

The antigens have been evidenced in macrophages and enterocytes in 
62,8% (68) out of the 109 samples of lesions (Fig. 2). In 19,2% (21) out of total 
samples, the antigens were present only within the macrophages (Fig. 3) and in 
11,0% (12) out of total samples, within the enterocytes, macrophages and free in 
the lumen of intestinal glands. Despite the presence of lesions, in 7,3% (2,9) out of 
109 samples, the antigens have not found. This aspect can be the result of terminal 
phase of intestinal adenomatosis.    

12 cases out of 26 samples without the characteristic macroscopic lesions, 
have emphasized the antigens Lawsonia intracellularis by IHC technique.  

 

 
 

Fig. 2. Ileum, the presence of the antigen (brown color)  
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Fig. 3. Antigens present within the macrophages (transversal section) 
 

 
Conclusions 

 
Intestinal adenomatosis lesions have been identified in 71,1% (370) out of 

520 gastro-intestinal pig samples, by morphopathological exam.  
The histological examination of 120 intestinal samples has releved the 

pathognomonic lesion: epithelial proliferation accompanied by the growing in 
thickness of the intestinal mucosa. 

A cellular infiltrate in the lamia propria of the mucosa with mastocytes, 
lymphoplastocytes, eosinophils and, in a smaller proportion, macrophages could be 
due to an allergic reaction to a protein on the surface of Lawsonia intracellularis. 

By IHC technique, we have highlighted bacterial antigens Lawsonia 
intracellularis in lamina propria of the intestinal samples with or without lesions. 
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Summary 

This report describes a case of pruriginous interscapular cutaneous lesion, rebel to 
antiseptic treatment frequency used in veterinary medicine. First examination diagnostic it 
was wet gangrene and after local and general treatment, even the necrotizing skin was 
removed, behind that remaining an extended area of cutaneous lake and an intense 
pruriginous lesion. In the followed month the lesions persisted even local antiseptic 
treatment was applied. Skin scratching and mycological exam revealed no parasitic or fungal 
skin diseases. From all local naturals applied treatment, it was observed that the only 
efficacy ointment contained beeswax and propolis.  
Keywords: propolis, beeswax, cutaneous lesion, wet gangrene 
 

Actual medicine practice tends to treat many disease, if exist the 
possibility, using natural products to the detriment of chemical drugs. One of these 
natural products refer to propolis, a substance that contains flavonoid compounds, 
caffeic acid esters and diterpenic, conferring it bacteriostatic, bactericidal, antiviral 
and antifungal properties, therapeutic characteristics applied both in human and 
veterinary medicine. 

In veterinary medicine, therapeutic effectiveness of propolis was 
demonstrated to treat large animals remind about cow mastitis (2) and companion 
animals mention about neoplastic diseases like Sticker tumor (1) and 
osteosarcoma (3), bacterial infection (6), mycotic infection (7), dermatophytosis (4) 
and some of the parasitological disease (8, 9). 

Recently, was demonstrated that beeswax has antimicrobial properties too 
(5), being use especially for treatment of skin diseases.  

 
Materials and methods 

 

The study was carried out on a 1 year and 6 month old male cat, with a 
interscapular cutaneous lesion, hospitalized for one year to veterinary hospital of 
University Veterinary Clinics Timișoara.  

Owner discussion revealed that it was a week old traumatic lesion 
appearing after an altercation with another cat. The lesion it was oval shape having 
the length with 9 cm and width 6 cm, more extended on the right sides of the neck. 
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First clinical examination revealed wet gangrene, the reason why we choose to 
applied local and general antibiotherapy. First it was performed clinical examination 
and because the situation asked, was administrated general and local therapy.  

In the first 14th days was administrated Enroxil 5% (Enrofloxacin) by sc route. 
Applied medical treatments as well the duration are presented in Table 1. 
 

Table 1 
Local medical treatments administration used for cutaneous lesion 
No. 
crt. 

Commercial 
name Active substance Time Observations 

1.  Germostop Neomycin,  
Clorhexidine 60 days 

240 days 

2.  Baneocin Bacitracin zinc,  
Neomycin 60 days 

3.  Cicatrisol 

Phenol 
Tannin 
Iodoform 
Gentian violet 

60 days 

4.  Herba sol Gentian violet 
Oxytetracycline 60 days 

 
Because the results of this therapy are not satisfying will chose to apply the 

natural treatments. Applied local naturals treatments as well the duration are 
presented in Table 2. 

 
Table 2 

Local naturals treatments means used for cutaneous lesion 
No. 
crt. Commercial name Active 

substance Time Observations 

1.  Atrauman Ag Silver ions 7 days 

117 days 
2.  Biotitus 

Bismuthi 
subgallas 
Olivae oleum 
Helianti oleum 
Rinici oleum 
Cera 
Colophonium 
Camphora 

30 days 

3.  Steuart’s natural wound 
cream (9). 

Beeswax 
Propolis 
Olivae oleum 

80 days 

 
Because of intense itching it was performed skin scratching for 

identification of possible mites and mycological exam using Sabouraud medium 
which was incubated 7 days at 37ºC in aerobic condition. 
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Results and discussions 

 
Even the itching was always present and sometimes was so intense that 

cause skin auto-mutilation, dermatological exam revealed no sign of mites and 
fungal disease.  

 
Results after local medical treatments administration  
 
After 240 days of local antiseptic therapy, based of usual drugs even the 

lesion sometimes it seemed to shrink, it always relapse because of intense itching 
aggravating the situation (Figure 1). 

 

 
 

Fig. 1. Skin appearance lesion after local Germostop administration (60 days of 
treatment) – no clinical sign of recovery 

 
 
Results after local naturals treatments 
Of all local treatment, the use of silver ions had the shortest duration of 

administration, only 7 days, because the plaque became a suppurate lesion. 
Using Biotitus, it was observed for the first time an improvement in the first 

19 days of treatment, but the following days although itching decreased in intensity, 
there was so sign of reducing the affected area (Figure 2a, fig 2b). 
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Fig. 2. Lesion appearance before application of Biotitus (a) and after 30 days of 
treatment (b) 

 
Using Steuart’s Natural Wound Cream (9) with propolis, after 19 days it 

was observed that the itching was almost absent and granular tissue area was 
significant increased (Figure 3a). After 50 days of treatment, the lesion dimension 
halved (Figure 3b) and at the end of the 80 days of treatment the wound was 
completely cured (Figure 4). 

 

 
 

Fig. 3. Lesion appearance after 19 days of Steuart’s Natural Woond Cream  
application (a) and after 50 days of treatment (b) 

 

a b 

a b 
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Fig. 4. Lesion after 80 days of treatment with Steuart’s Natural Wound Cream  
 

Antimicrobial activity of beeswax and propolis was demonstrated by many 
researches (6, 7, 5), the reason why skin treatment effectiveness of bees products 
reach high levels. This study demonstrated that the propolis and beeswax can be 
used not only as a complementary therapy to treat traumatic skin lesion, but also 
as a primary treatment, being useful where other medical treatments have no 
results. 

 
Conclusions 

 
Steuart’s Natural Wound Cream contains a natural antiseptic (propolis from 

bee hives), that promotes healing wounds, after 80 days the lesion it was totally 
healing. Also relieves itching, after 19 days, accelerating granulation tissue 
formation. 
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Summary 
The microbiome of the digestive tract in birds is inhabited by a diverse community of 
bacteria, separated by taxonomy, of which several carry pathogenic/zoonotic potential. 
Evidence has been provided that social contact between different individuals or species in 
the same habitat mediates horizontal transfer of such bacteria, contributing to the 
enlargement of various epidemiological chains. This study aimed at investigating the 
microbiome in sedentary versus migratory and insectivorous/grain eating versus raptor birds 
from the Danube Delta. Pharingeal and cloacal samples (n=30) were collected from 
sedentary insectivorous (Passer montanus, tree sparrow, n=6) and raptor (Corvus cornix, 
Corvus coronae cornix, hooded grow, n=6) birds as well as from migratory insectivorous 
(Lanius collurio, red-backed shrike, n=8) and raptor birds (Falco subbuteo, Eurasian hobby, 
n=4, Accipiter nisus, Eurasian sparrowhawk, n=6). These samples were subject to classical 
microbiology and cultivation on chromogenic culture media (UTI, TCBS, API 20E) for 
identification.  The bacteria identified from all categories of birds belonged to the same 
genera (Vibrio spp., Staphylococcus spp., Pseudomonas spp., Klebsiella spp., E. coli, 
Salmonella spp.), all of them with pathogenic/zoonotic potential. A total of 10 species of 
bacteria were identified in sedentary birds while 25 were isolated in migratory ones. In the 
latest category, the number of Vibrio spp. (V. cholerae, V. mimicus, V. alginolitycus, V. 
fluvialis) was higher than in the others.  V metschikovii S. typhimurium and S. enteritidis 
were found in addition in migratory insectivorous birds. The broad variety of potentially 
pathogenic/zoonotic species isolated from migratory birds support the hypothesis of their 
participation in broadening epidemiological cycles that include human hosts.  
Key words: microbiome, birds, migratory behavior, feeding, Danube Delta 
 

The bacteriome of vertebrates could not only exert pathogenic effects but it 
is well known that some of the bacteria with intestinal habitat are beneficial for the 
host. Due to difficulties connected with access and welfare issues, in wildlife these 
interactions and their outcomes are less studied (3, 6, 7).The microbiome of the 
digestive tract in birds is inhabited by a diverse community of bacteria, separated 
by taxonomy, of which several carry pathogenic/zoonotic potential. Evidence has 
been provided that social contact between different individuals or species in the 
same habitat mediates horizontal transfer of such bacteria, contributing to the 
enlargement of various epidemiological chains, including humans (9). 
Wild birds have been considered to be reservoirs of enteric human pathogens and 
vectors of resistance dissemination to the environment (4).  
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This study aimed at investigating the microbiome in sedentary versus 
migratory and insectivorous/grain eating versus raptor birds from the Danube Delta. 

 
Materials and methods 

 
Birds from the Danube Delta were subjected to pharingeal and cloacal 

sampling. A total of 30 samples were collected from sedentary insectivorous 
(Passer montanus, tree sparrow, n=6) and raptor (Corvus cornix, Corvus coronae 
cornix, hooded grow, n=6) birds as well as from migratory insectivorous (Lanius 
collurio, red-backed shrike, n=8) and raptor birds (Falco subbuteo, Eurasian hobby, 
n=4, Accipiter nisus, Eurasian sparrowhawk, n=6). The samples were collected 
during bird ringing, with care for the bird welfare. All birds were released after 
sampling.  

The swabs were subject to classical microbiology and cultivation on usual 
and of Chromogenic UTI medium BrillianceTM and TCBS Cholera medium (Oxoid) 
and API 20E for identification.   

The data were processed by Excel program to interpret the statistical 
relevance. 
 

Results and discussions 
 

Researches concerning the gastrointestinal flora in wild birds are limited 
due to difficult sampling access, unless the outcome of the bacteria-host interaction 
is lethal. Mainly zoonotic bacteria hosted by wild birds were given attention lately, 
based on the potential risk represented by migratory birds to habitat and human 
health. Similarly, the habitat could serve as source for pathogenic bacteria, which 
this way will close the epidemiological loop.  

Paths used by various bacteria to spread and “find” new susceptible hosts  
could include migratory birds and could serve as models for clarification of 
epidemiology of other pathogens (1, 2). 

In a study concerning the gut bacterial flora of common European wild 
birds in a rescue center in Sicily, the bacterial isolated were: Escherichia coli, 
Proteus mirabilis, Proteus vulgaris, Citrobacter freundii, Enterobacter cloacae, 
Klebsiella oxytoca, Salmonella Typhimurium, Escherichia vulneris, Enterobacter 
amnigenus biogroup 2, Salmonella Duesseldorf and Hafnia alvei  All these species 
were, in different clinical studies, identified to bear pathogenic effect for other 
animal species or humans (4).  

Another source for zoonotic bacteria could be the illegal wildlife trade, 
which could also augment the proportion of infectious disease transmission. The 
final hosts could be not only people, but also in livestock, native wild populations, 
and ecosystem. In a study on illegally sold birds, Hamer et al., 2012 (5) identified 
most frequently Escherichia coli, followed by Enterobacter spp., Klebsiella 
pneumoniae and other enteric bacteria. In a Temminck's seedeater (Sporophila 
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falcirostris) the authors found Salmonella ser. Typhimurium, while chestnut-capped 
blackbirds (Chrysomus ruficapillus) hosted Salmonella ser. Panama. 
Although wild birds have been suggested to carry bacteria and other microbial 
agents to large distances, thus enhancing their spreading and causing new 
outbreaks, in a study conducted by Tsiodras et al., 2008 (8) it has been considered 
that the evidence available in literature limited the wild birds’ role in human 
infectious diseases, at least by direct transmission. 

A total of 35 strains were isolated belonging to Vibrio, Klebsiella, 
Pseudomonas, Proteus, Escherichia, Staphylococcus and Enterococcus genera. 

In sedentary birds, paradoxically, the total number of strains was higher 
(n=7) than in predatory ones (n=3). Their genera were indicated in Fig. 1. 

 

 
 

Fig. 1. Distribution of bacteria strains isolated from sedentary insectivorous/grain 
eating (SIG) and predatory (SP) birds 

 
 The total number of bacterial strains isolated from migratory birds (n=25) 
(Fig. 2) was significantly higher that in sedentary birds (n=10)(p<0.05). The isolated 
genera were similar to those cited in the literature. 
 While E. coli dominated the bacterial population in sedentary birds, Vibrio 
was the genus most encountered in migratory birds, equally in insect/grain eaters 
(MIG) and predatory (MP) ones (n=6). Numerous Vibrio species were identified in 
migratory birds, i.e. V. metschikovii, V. alginolyticus, V. fluvialis, V. vulnificus, V. 
mimicus, while only V. cholerae and V. fluvialis were isolated in SP and SIG birds 
respectively. Salmonella typhimurium was present, of Salmonellae in both 
sedentary and migratory birds. 
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Fig. 2. Distribution of bacteria strains isolated from migratory insectivorous/grain 
eating (MIG) and predatory (MP) birds 

 
 Our results indicated that the distribution of potentially zoonotic bacteria is 
higher in migratory birds and that in Danube Delta birds, independently on their 
habitat and feeding habits, besides bacteria commonly found in the gut, aquatic 
bacteria were also present.  

Nevertheless, these results should be connected with microbiological 
research for evaluating the antibiotic resistance and also beta lactamase spectrum 
of the isolates, to better interpret their pathogenic potential.  

 
Conclusions 

 
The broad variety of potentially pathogenic/zoonotic bacteria species 

isolated from migratory birds support the hypothesis of their participation in 
broadening epidemiological cycles that include human hosts. 
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Summary  

Escherichia coli is described as a common normal flora organism in the gastrointestinal tract 
of animals and human, but also as pathogenic bacterium with a demonstrated tendency to 
develop antimicrobial resistance. This retrospective study was aimed to evaluate the 
antibiotic resistance in human and farm animal clinical E. coli strains. Samples obtained from 
finisher pigs (edema disease, n=65), dairy bovine (clinical and sub-clinical mastitis, n=52), 
chicken (polyserositis, n=47) and human (recurrent cystitis, n=35) during 2014–2015 were 
processed by classical microbiological methods: isolation of bacterial strains on selective 
agar, biochemical properties testing, with in vitro susceptibility patterns of a total of 199 
strains towards 11 antimicrobials determined using the standard Kirby- Bauer disc diffusion 
method according to CLSI guidelines. Overall, E. coli isolates were resistant to at least one 
antimicrobial, with decreased susceptibility towards: trimethoprim+sulphamethoxazole> 
colistin>tetracycline>ampicillin>amoxicillin+ clavulanic acid. The resistance level varied 
widely among clinical isolates depending on the species, with the most reduced susceptibility 
recorded in case of bovine and poultry. Multi-drug resistance (MAR) was recorded also in 
case of these isolates, with strains simultaneously resistant to two or more antimicrobial 
groups. The results of the in vitro antimicrobial susceptibility testing from the study indicate 
that animal origin strains of E. coli display resistance to various antimicrobials commonly 
used in veterinary medicine and with relevance for human medicine. MAR detection in case 
of E. coli reflects the importance of the rational use of antimicrobials and recommends 
continuous monitoring of the trends and features of resistance given the role of enteric 
bacteria as potential reservoir of resistance genes. 
Key words: E. coli, multi-drug antimicrobial resistance, farm animals  
 

Escherichia coli is described as a common normal flora organism in the 
gastrointestinal tract of animals and human, but also as pathogenic bacteria 
responsible for several enteric and non-enteric pathologies (1, 2, 9). 

The increasing level of the antibiotic resistance reported worldwide in both 
commensal and pathogenic Escherichia coli animal strains is of particular concern 
because it is the one of the most common Gram-negative pathogen in human 
(1, 2, 9). 

In addition, the transfer of antibiotic resistance determinants not only to 
other strains of E. coli, but also to other bacteria residing in the gastrointestinal tract 
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was demonstrated in case of these resistant E. coli strains, complicating further the 
consequences of the phenomenon (1, 2, 4, 6, 9). 

Antibiotics are a major group of therapeutic products commonly used in 
food producing animals, but their intense and irrational use for prophylaxis and 
growth promotion was incriminated for the emergence, spread and augmentation of 
the antimicrobial resistance (1, 2, 5, 6, 9).  

The aim of this retrospective study was to evaluate and analyze the 
antibiotic resistance in human and animal clinical E. coli strains considering the 
impact of antimicrobials practices, therapeutic and prophylactic, applied especially 
in farm animals on the antimicrobial resistance emergence. 

 
Materials and methods 

 
Clinical samples obtained from finisher pigs (edema disease, n=65), dairy 

bovine (clinical and sub-clinical mastitis, n=52), chicken (polyserositis, n=47) and 
human (recurrent cystitis, n=35) during 2014–2015 were processed by classical 
microbiological methods: isolation of bacterial strains on a selective chromogenic 
agar (Brilliance™ E. coli/coliform Selective Agar, Oxoid Ltd., Cambridge/UK) after 
incubation under aerobic conditions at 37°C for 24 hours, followed by biochemical 
properties testing using API 20E system (BioMerieux SA, Marcy Etoile, France) or 
Rapid ID system, ERIC®  (Eric Web, Remel). The in vitro evaluation of 
susceptibility patterns for a total number of 199 strains towards 11 antimicrobials 
was determined using the standard Kirby-Bauer disc diffusion antimicrobial 
susceptibility testing method according to CLSI guidelines. The following 
antimicrobials were included: ampicillin (AMP, 10 µg), amoxicillin/clavulanic acid 
(AMC, 20/10 µg), tetracycline (TE, 30 µg), gentamycin (CN, 10 µg), colistin (CS, 10 
µg), enrofloxacin (ENR, 5 µg), marbofloxacin (MAR, 5 µg), ciprofloxacin (CIP, 5 
µg), cefquinome (30 µg), trimethoprim + sulphamethoxalone (SXT, 1.25/23.75 µg), 
florfenicol (FFC, 30 µg) (susceptibility discs, Oxoid Ltd., Cambridge/UK). 
Escherichia coli ATCC® 25922 (Oxoid Ltd., Cambridge/UK) was also tested as a 
quality control organism. Results were statistically analyzed using the chi-square 
test to compare the antimicrobial resistance rates (%) to antimicrobials and a 
minimum p value of <0.05 was considered to indicate statistically significant 
differences. 

 
Results and discussions 

 
Overall, E. coli isolates recovered from clinical samples were resistant to 

one or more of 11 tested antimicrobials, with decreased susceptibility towards: 
trimethoprim + sulphamethoxazole > colistin > tetracycline > ampicillin > amoxicillin 
+ clavulanic acid (Figure 1). 
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Fig. 1. Antibiotic sensitivity pattern of E. coli strains 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 2. Antibiotic resistance profile of E. coli isolates  
 
The most commonly recorded multidrug-resistance patterns were 

represented by: trimethoprim + sulphamethoxazole/colistin, trimethoprim + 
sulphamethoxazole/colistin/tetracycline, trimethoprim+sulphamethoxazole/colistin/ 
ampicillin, trimethoprim + sulphamethoxazole/colistin/ ampicillin/ amoxicillin 
/clavulanic acid, trimethoprim + sulphamethoxazole/colistin/ ampicillin/tetracycline.  
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The resistance level vary widely among clinical isolates depending on the 
species, with the most reduced susceptibility recorded in case of bovine, poultry and 
swine isolates and also on the antimicrobial, suggesting the intense use of the product. 

A significant difference (p<0.05) in cefquinome and quinolones 
(enrofloxacin, marbofloxacin and ciprofloxacin) susceptibility compared to the other 
antimicrobials was noticed, suggesting differences in use regimens of these drugs 
in case of the farm species and human (Figure 2). Florfenicol was also active 
against E. coli with the same level for all farm animals and 100% susceptibility in 
case of human strains. Multi-drug resistance (MAR) was exhibited by bovine, 
poultry and swine isolates, with strains simultaneously resistant to two or more 
antimicrobial groups. 

As stated before, antibiotics are the main tool to treat and control bacterial 
infections in farmed animals especially in intensive breeding system and (1, 2, 5, 6, 
7, 8, 9), therapeutic, metaphylactic and prophylactic practices are considered in 
order to reduce the economic losses associated with animal mortality and 
condemnation of carcasses (1, 2, 3, 4, 5, 7, 8). Unfortunately, such intensive use 
increased the antibiotic selection pressure and the consequent occurrence of 
multidrug resistant bacteria (9, 10, 11). 

 
Conclusions 

 
The results of the in vitro antimicrobial susceptibility testing from the study 

indicated that animal origin strains of E. coli displayed resistance to various antimicrobials 
commonly used in veterinary medicine and with relevance for human medicine.  

MAR detection in case of E coli underlines the importance of the rational 
use of antimicrobials and recommends continuous monitoring of the trends and 
features of resistance given the role of enteric bacteria as potential reservoir of 
resistance genes. 
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Summary 

A cross-sectional study was conducted from January 2016 to March 2016 on a total of 45 
lactating (Holstein and Red Holstein) dairy cows randomly selected from a dairy farm from 
western Romania. The aim of this study was to determine the prevalence of mastitis and 
isolate the bacteria that cause mastitis. Milk samples was collected and bacteriological 
culture was done. Confirmation was done by API system. The prevalence of mastitis in the 
farm was 62.2% (n = 28). From these cases 28,8% (n = 13) were clinical and 51.1% (n =23) 
were subclinical mastitis. Among the isolated bacterial genera, the isolate were 
Staphylococcus (54.2%), Streptococcus (25.7%), E. coli (8.5%), Enterococcus (5.7%) and 
Pseudomonas (5.7%). There were characterized the follow species: Staphylococcus aureus, 
S. intermedius and S. hycus, Streptococcus agalactiae, Enterococcus faecium and 
E.durans. Other objective of study was to determine isolated bacteria susceptibility at 
antimicrobials, knowing the resistance present in a large number of bacteria isolated from 
mastitis cases. This study shows that mastitis is significant problem of dairy cows in the 
study farm and the isolated bacteria were contagious pathogens. 
Keywords: lactating cows, mastitis, infectious causes. 
 

Mastitis represents the main causes of economical losses in cows, in 
lactating cows specially (Holstein, Romanian black Pied, Romanian spotted). 
Etiology of these mastitis is grouped in two categories: pathogens that produce 
contagious mastitis (S. aureus, Str. agalactiae, Mycoplasma bovis), and pathogens 
that produce environmental mastitis - Str. uberis, Str. dysgalactiae, Enterococcus 
spp., coliforms (1, 3, 8). 

Pathogens isolate from clinical mastitis were changed in time as a result of 
control measures from a mastitis produced by S. aureus and Str. agalactiae high 
incidence to a higher incidence of environmental or minor pathogens – coagulase-
negative staphylococci. 

Antimicrobials susceptibility in vitro determined was considered a condition 
for treatment; however in vitro antimicrobial sensitivity is not a guarantee for their 
efficiency in vivo (2). In this condition is necessary a treatment program, as a part 
of farm management, based on testing of sensitivity microorganisms at antibiotics. 
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Materials and methods 
 

A cross-sectional study was conducted from January 2016 to March 2016 
on a total of 45 lactating (Holstein and Red Holstein) dairy cows randomly selected 
from a dairy farm from western Romania. The aim of this study was to determine 
the prevalence of mastitis and isolate the bacteria that cause mastitis.  

For detection mastitis cases were performed some exams and tests: 
organoleptic aspect of milk, clinical exam of udder, both to detect clinic mastitis, 
and to detect subclinical mastitis California Mastitis Test was used. All milk 
samples were bacteriological tested to isolate and identified pathogens.  

The sensitivity test to antibiotics was made using diffusimetric Kirby –Bauer 
method, with the next antibiotics: enrofloxacin (ENF 5µg), gentamicin (G 10µg), 
ceftiofur (EFT 30µg), cefquinome (CEQ 30µg), amoxicillin-clavulanic acid (AMC 
30µg), penicillin (P 10IU), lincomycin+neomycin (15+60µg), novobiocin (5µg), 
tetracicline (TE 30µg). 

 
Results and discussions 

 
Milk samples was collected and bacteriological culture was done. 

Confirmation was done by API system. The prevalence of mastitis in the farm was 
62.2% (n = 28).  

From a clinical point of view mastitis cases were classified in: clinical 
mastitis and subclinical mastitis. From these cases 37.1% (n = 13) were subclinical 
and 62.8% (n =22) were subclinical mastitis.  

Depending on cultural character, mastitis was classified as monomicrobial 
and polimicrobial mastitis.  

From all milk samples were isolated 35 bacterial strains belonging to 
several bacterial genera:  Staphylococcus (54.2%), Streptococcus (25.7%), E. coli 
(8.5%), Enterococcus (5.7%) and Pseudomonas (5.7%). There were characterized 
the follow species: Staphylococcus aureus, S. intermedius and S. hycus, 
Streptococcus agalactiae, Enterococcus faecium and E.durans. 

 
Table 1 

Correlation between microorganism type and mastitits type   

Bacterial genera  No 
strains

Mastitis   
Clinical Subclinical 

No strains %  No strains %  
Staphylococcus spp. 19 11 57.9 8 42.1 
Streptococcus spp. 9 5 55.5 4 44.4 
Escherichia coli 3 2 66.6 1 33.3 
Enterococcus sp. 2 2 100 - - 
Pseudomonas sp. 2 2 100 - - 

TOTAL  35 22 62.8 13 37.1 
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Antimicrobials were chosen watching more aspects: high efficiency, easy to 

administrate, quick absorbance and, not in the last, the antimicrobial`s resistance 
phenomena present to a large number of antimicrobials. Generally, it could be 
observed a variable behavior, resistant, intermediate and sensitive strains were 
found. Results are presented in figure 1. 

 

 
 

Fig. 1. Antimicrobials testing results 
 
Each strain was resistant at least one antibiotic. At enroxil were obtained 

the most sensitive strains – 22 from 35 tested, 7 were intermediate and 6 strains 
were resistant. Resistant strains were streptococci and the two enterococci strains. 

From cephalosporines, ceftiophur was more efficiency, 20 strains were 
sensitive, comparing with cefquinome with only 13 sensitive strains. This is 
probably the result of overuse of this antibiotic in that farm. 

Similar behavior has been reported to penicillin, with 17 sensitive strains, 
but 16 strains were resistant. 

At amoxiciline-clavulanic acid and lincomycin-neomycin were sensitive 15 
strains each. At   amoxiciline-clavulanic acid were resistant 11 strains, and at 
lincomycin-neomycin 9 strains were resistant. Neomycin resistance, alone or in 
association with other antibiotic, was mentioned in other studies, in which 41% from 
strains were resistance to neomycin (5, 6).  

The lowest number of sensitive strains has been obtained at tratraciclline 
and novobiocine, 6 and 4 strains respectively. Our results about E. coli strains were 
comparable with other results from literature; increasing resistant E. coli strains 
isolate from mastitis was mentioned by a number of authors (7, 8). 
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Conclusions 
 
From all 45 milk samples which came from cows with/without mastitis 

symptoms has been isolated 35 bacterial strains belonging to several genera as it 
follows: 19 strains of staphylococci, 9 strains of streptococci, 3 strains of E. coli, 2 
strains of Pseudomonas sp. and 2 strains of Enterococcus sp. 

From cows with clinical mastitis were isolated 22 strains, and from subclinical 
mastitis were isolated 13 strains, staphylococci predominating in both mastitis types. 

Enrofloxacin and cephtiofur were the most efficient antibiotics for all tested 
bacterial strains. Amoxicillin-clavulanic acid and cefquinome, use frequent in 
mastitis treatment, had generated the most resistant strains, as tetracycline also.  
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Summary 

Anti-anthrax vaccination, one of the most relevant preventive measures in infectious disease 
control, is a procedure that could be invasive for goats, a species subject to acute stress. 
Cell-mediated immunity in these animals is therefore at crossroads between vaccination 
stress and immune enhancing antigen priming. The experimental goats were divided into 
two age groups, under (n=10) and above three (n=20) years of age and were vaccinated 
with the Romanian R 1190 anthrax strain. Blood was sampled before and 14 days after the 
vaccination. The blood picture and calculation of the N/L ratio was used as an indicator of 
stress. Total Ig and circulating immune complexes levels were performed to monitor the 
humoral immune response, while the blast transformation test aimed to investigate the 
changes in the cell mediated immunity. N/L ratio remained unchanged in both age 
categories in spite of stressful conditions (vaccination). The total Ig levels decreases in 
young animals, the level of complexation being strongly increased after the vaccination as 
well as the synthesis of circulating immune complexes clearance. The antigen priming led to 
a booster type response in the age category over three years, standing for their prolonged 
contact with this type of vaccine over the years of their economic life in the blast 
transformation test. Tymus serpyllum  alcoholic extract was the most effective in vitro in both 
age categories, before and also after the vaccination. The Juniperus communis extract had a 
modulating character, augmenting and diminishing the cell-mediated response before and 
after the vaccination, respectively. These results supported the use of certain extracts as to 
improve the post-vaccination cell-mediated immunity, depending on their immunological 
activity and the age category. 
Keywords: systemic immunity, goats, total Ig, anthrax vaccination 
 

Anthrax is a bacterial disease, common in several animal species and 
humans,  caused by Bacillus anthracis, a large Gram positive bacterium defined by 
an antiphagocytic polyglutamic capsule, ensuring resistance against the immune 
system and and spores, securing survival in adverse environment (12). 
The bacteria possesses toxins, namely the edema factor (EF), the lethal factor 
(LF), and the protective antigen (PA) sharing polypeptidic structure. Their effect is 
alteration of cellular signaling pathways in the host and subsequent interference 
with innate immune responses. Later during the clinical course, vascular collapse 
occurs (6). 
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The disease is best prevented by vaccination in animals. Nevertheless, 
current anthrax vaccines can cause considerable local and general secondary 
reactions such as erythema, induration, soreness, fever or even, sometimes, 
clinical disease (10, 11). The immunity subsequent to vaccination lasts for about 6 
month, and not all animals are protected different strains of B. anthracis (11). 
Lately, due to Bacillus anthracis bioterrorism threat, next-generation vaccines are 
needed (3). Modern vaccines including recombinant live bacteria and recombinant 
sub-unit antigens, free of side effects, require multiple vaccinations and inclusion of 
adjuvants, increasing the difficulties of vaccination programs (1). 

In Romania, vaccination against anthrax is included in the National stategic 
program for disease prevention and goats are subject to it, depending on the 
infectious pressure of the habitat. Nevertheless, this vaccination is extremly 
stressfull for goats, the immune mechanisms involved participating in 
immunogenesis but also in the adverse reactions (4).  

This study aimed at monitoring the changes caused by the vaccinarion with 
the live attenuated vaccine R 1190 Stamatin in goats, based on their age, 
investigating the interferance of immune responses at cellular and humoral levels 
and the stressfull effect of the vaccination.  
 

Materials and methods 
 

The research was carried out in a herd of 300 Carpathian goats, two 
groups being selected, one of animals older than 3 years (n=20), subjected to several 
vaccinations up to the testing and the other of animals below 3 years (n=10), vaccinated 
fewer times. The animals were sc injected with 0.2 ml each of the R1190 Stamatin 
vaccine (Romvac, Romania) on the farm. Blood was sampled on EDTA and 
heparine (50IU/ml) and on clothing gell from all groups before and two weeks after 
the vaccination. 

Changes of N/L ratios as stress indicators, changes in total Ig levels and 
circulating immune complexes and also the in vitro adaptive cell mediated 
response were monitored to evaluate the changes caused by vaccination.   
The blood smears from blood preserved on EDTA were stained with Dia quick 
Panoptic kit and leukocyte subpopulations were counted. The N/L ratio was 
calculated and interpreted as stress indicators according to Davis et al., 2008 (2).  

Circulating immune complex (CIC) measurements allow an evaluation of 
the level of molecular clearance capacity of the body. Serum was separated from 
the clot by centrifugation at 3,000 rpm for 10 min and kept at -80°C till testing. A 
4.2% polyethylene glycol (PEG) 6000 solution in borate buffer was used as 
precipitating agent, while buffer-treated samples served as controls for borate-
induced precipitation. For each sample, 6.6µl aliquots of the serum were mixed with 
193.4 µl of borate buffer or PEG solution in parallel wells. The immune complexes 
precipitate in 60 min at 22–23°C. Spectrophotometrical reading of the results was 
performed at a wavelength of 450 nm in the test plate (d=0.5 cm; multichannel 
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spectrophotometer SUMAL PE2, Karl Zeiss, Jena). CIC concentrations, expressed 
in optical density units (ODU), were calculated by subtracting the value of the 
control serum+buffer from that of the PEG precipitate.  

Total immunoglobulins are precipitated by concentrations as low as 24 mg/l 
of heavy metal salts. Volumes of 3.3µl of the sera were diluted in 196.7 µl of a 
0.024% barbital-buffer zinc sulfate solution, and allowed to precipitate for 30 min at 
room temperature (22–23°C). The levels of total immunoglobulins were quantified 
in optical density units (ODU) after spectrophotometrical readings (λ=475 nm, 
d=0.5 cm; multichannel spectrophotometer SUMAL PE2, Karl Zeiss, Jena). 

The leukocyte blast transformation was performed to estimate the 
spontaneous, mitogen and vegetal extract induced transformation on lympho-
monocytes. Blood collected from the experimental animals was processed within 4 
hours after sampling. Each blood sample (1 ml) was diluted with four times the 
amount of RPMI 1640 supplemented with 5% FCS and antibiotics, pH 7.4, (Sigma-
Aldrich, USA). The mixture was distributed in 96-sterile-well plate (200 μl per well). 
Eight in vitro experimental  variants were tested in duplicate for each individual 
animal, namely: 1) untreated control culture, 2) phytohaemagglutinin-M (PHA), 3) 
concanavalin (ConA) and 4) lipopolisacharid (LPS)(1μ per well) treated culture, 5) 
70° alcohol treated culture and (6–11) alcoholic vegetal extracts of Allium sativum, 
Tymus serpyllum, Hypericum perforatum, Juniperus communis, Echinacea 
purpurea and Calendula officinalis produced by Plantextract, Romania according to 
the German Homeophatic Pharmacopeia and subject to company quality control, 
were used to treat the whole blood cultures (1,5 μl /well).The cultures were 
incubated for 72 h at 37.5°C and 5% CO2 atmosphere. Glucose concentrations, as 
a growth indicator, were measured in the initial culture medium and in all variants at 
the end of the incubation period, using a glucose standard (100 mg%), by means of 
an orto-toluidine colorimetric test. For this, 12.5 μl of the cultural supernatant were 
transferred to 0.5 ml of orto-toluidine reagent, boiled for 8 min, cooled suddenly in 
cold water and read in a spectrophotometer at 610 nm wavelength (SUMAL PE2, 
Karl Zeiss, Jena, Germany), using the reagent as a blank. The cell 
stimulation/inhibition index (S/I) was calculated as follows: S/I %=[(IG–
GR)/MG]x100, where S/I =blast transformation index, IG= the initial glucose 
concentration in the culture medium and GR=glucose residue in the sample after 
incubation (5, 9). 

Student t-test was used to calculate the significance of differences and 
Excel program was used to calculate the average and standard error.  
 

Results and discussions 
 

Goats are very sensitive to anti-anthrax vaccination, given their severe 
reaction to stress of any kinds. In case of numerous animals showing side effects 
subsequent to anti-anthrax vaccination, the problem consisted mainly of outbreak 
control (8). In the outbreak described, 5 of 10 deaths occurred 3, 5, 11, 68 and 126 
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days after vaccination and, in another case, 37 days after revaccination. OIE, 
WHO, FAO indicated in 2008, that the potential use of a double vaccination, the 
booster being included one month after the primo-vaccination could solve the 
problem (12).  

Bibliography on the immunogenicity of Sterne 34F2 vaccine in ruminant 
hosts is scarce. Ndumnego et al., in a study in 2016, looking at the humoral 
response to the Bacillus anthracis protective antigen against various toxic 
compounds concluded that the crucial second vaccination could be done even after 
3 month from the previous one (7).  
 The results of our study indicated that the N/L ratio did not undergo major 
changes after the vaccination compared to the initial sampling, in neither of the 
groups (Fig. 1).  
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Fig. 1. There was no increase in the N/L ratio, expected to indicate postvaccination 
stress in goats injected with an R1190 anti-anthrax vaccine 

  
As oposed to that, the sharp increase in eosinophiles could suggest an 

alergic type reaction in the animals under 3 years of age, less exposed to this kind 
of vaccination before than the adults. In this case, the N/L ratio could not be used 
as a stress indicator, as suggested by Davies et al., 2008 (2), in spite of the well-
know responsiveness to stress in this species. There was a decrease of total Ig 
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levels in young animals, as opposed to the older ones, subjected to numerous 
booster operations by the moment of the experiment (Fig. 2). This parameter 
should be interpreted only in conection to the CIC levels in both groups (Fig. 3). 
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Fig. 2. Increased total Ig levels in older animals as opposed to the younger ones, 
possibly stand for the more numerous booster vaccines the first were subjected to 

in time 
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Fig. 3. CIC values before and after the vaccination in both age groups: there was 
an increase in younger animals and little or no change in the older ones 
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Fig. 4. Blast transformation indices in the younger animals:CIC values before and 
after the vaccination in both age groups: there was an increase in younger animals 

and little or no change in the older ones 
Legend: M-control, PHA- phytohaemagglutinin, LPS- lipopolisacharid, ConA-concanavalin A, V-vaccine, 
Alc- alcohol, Ust-garlic, Cim- Tymus serpyllum, Sun – Hioppericum perforatum, Ien - Juniperus 
communis , E.pur-Echinacea purpurea, Gal- Calendula officinalis 
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Fig. 5. Blast transformation indices in the younger animals:CIC values before and 
after the vaccination in both age groups: there was an increase in younger animals 

and little or no change in the older ones 
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As mentioned before, the sharp decrease of total Ig in younger animals 
and relatively high CIC levels, stand for the mild complexation and eliminationof the 
complexes, in spite of the fact that vaccine stimulation should activate all immune 
processes.  

The blast transformation indices were different (Fig. 4 and 5), although non 
significantly, between the two age groups prior to vaccination. In older animals, the 
indices were somewhat higher before the vaccination than in the youger group, but 
subsequent to the vaccination, in youn ynimals there was a sharo increase in cell-
mediated immunity. The Juniperus extract was the one who acted inhibiting in both 
groups. This could have happened because of the single in vitro  dose that was 
used. It is obvious that the vegetal extracts enhance the response to the vaccine, 
thus opening perspectives for their use as adjuvants. 

 
Conclusions 

 
The anti-anthrax vaccination in goats is immunological activating not only 

the antibody synthesis, but also other, non-specific and specific mechjanisma, 
showing a systemic effect.  

Towards this vaccine, the overall immunological activity was more intense 
in the younger animals, in spite of the numerous boosters the older ones received 
before the experiment.  

This stands for a more pronounced overall immunological adaptability to 
this type of antigenic stimulation in the younger animals. The blast trasformation 
response indicated the immune stimulating but meanwhile potentially modulating 
activity of certain vegetal extracts. 
 

References 
 

1. Baillie, L.W., Is new always better than old?: The development of human 
vaccines for anthrax., 2009, 5(12), 806-16.  

2. Davis, A.K., Maney, D.L., Maerz, J.C., The use of leukocyte profiles to 
measure stress in vertebrates: a review for ecologists, Functional Ecology, 
2008, 760–772. 

3. Friedlander, A.M., Little, S.F., Advances in the development of next-
generation anthrax vaccines., 2009, 27(4), D28-32. 

4. Ghergariu, S., Pop, A., Kadar, L., Spînu, Marina, Ghid de laborator clinic 
veterinar, Ed. ALL, Bucureşti, 2000. 

5. Khokhlova, Irina S., Spinu, Marina, Krasnov, B.R., Degen, A.A., 
Immune response to fleas in a wild desert rodent: effect of parasite 
species, parasite burden, sex of host and host parasitological experience, 
The Journal of Experimental Biology, 2004, 207, 2725-2733. 

6. Moayeri, M., Leppla, S.H., Vrentas, C., Pomerantsev, A.P., Liu, S., 
Anthrax Pathogenesis, Ann. Rev. Microbiol., 2015, 69,185-208. 



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017, TIMISOARA 
 

114 

7. Ndumnego, O.C., Köhler, S.M., Crafford, J., Van Heerden, H., Beyer, 
W., Comparative analysis of the immunologic response induced by the 
Sterne 34F2 live spore Bacillus anthracis vaccine in a ruminant model, Vet. 
Immunol. Immunopathol., 2016, 178, 14-21. 

8. Salmon, D.D., Ferrier, G.R., Post-vaccination occurrence of anthrax in 
cattle, Vet. Rec., 1992, 130, 140-141. 

9. Spînu, Marina, Niculae, Mihaela, Paştiu, Anamaria Ioana,  Şandru, 
Carmen Dana, Pall, Emoke, Vasiu, A., Vegetal extracts influence in 
vitro on the cell-mediated immunity in carnivores depending on health 
status, target species and plant taxonomy, Industrial Crops and Products, 
2016, 88, 44–47. 

10. Splino, M., Patocka, J., Prymula, R., Chlibek, R., Anthrax vaccines, Ann. 
Saudi. Med., 2005, 25(2), 143-9. 

11. Zakowska, D., Kocik, J., Bartoszcze, M., Selected research problems of 
anthrax vaccine development., Przegl Epidemiol., 2009, 63(4), 505-12. 

12. *** OIE, WHO, FAO, Anthrax in humans and animals Fourth edition, 2008, 
WHO Press, Geneva, Switzerland. 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. L (3), 2017, TIMIŞOARA 
 

115 

INCREASE OF ANTIBIOTIC RESISTANCE OF MICROFLORA 
FROM MASTITIC SOWS SUBSEQUENT TO UNDISCRIMINATORY 

GENERAL ANTIBIOTIC THERAPY  
 

MARINA SPÎNU, C. CERBU, DELIA-ANDREEA DIȚU, F. BRUDAȘCĂ, I. IONUȚ, 
R. GIUPANĂ, A. VASIU, SILVANA POPESCU, CARMEN DANA ŞANDRU 

 
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca-400372, 

3-5 Mănăştur Street, Cluj-Napoca, Romania 
E-mail marina.spinu@gmail.com 

   
Summary 

The bacterial load of the colostrum and milk as well as that of the mammary gland in sows 
exerts a strong influence on the growth rate of the piglets. Regular testing by the Kirby-Bauer 
disc diffusion method proves to be valuable in designing the antibiotic therapy in sows, thus 
avoiding the antibiotic - resistance phenomena that could lead to the economic losses. The 
mastitic sow milk microbiome and its antibiotic - resistance were evaluated in this study in 
order to establish an appropriate protocol for general therapy on the farm. The research was 
conducted on 38 sows, of which 9 with clinical mastitis signs while the others were clinically 
healthy, previously subject to unsystematic treatment with antibiotics for various health 
problems. Milk was sampled and examined by classical microbiological techniques. Bacterial 
strains were identified and tested for antibiotic sensitivity/resistance in two steps: the 
resistant colonies identified in all samples during the first step were subjected to testing by 
Kirby Bauer method using a second batch of antibiotics. In both mastitic and healthy milk 
samples Streptococcus, Staphylococcus, coliforms were present. Clostridium, 
Corynebacterium and others were observed as well, all these being included in the “other 
bacteria” category. Colonies resistant to florfenicol, doxicycline, tetracycline, amoxicillin, 
streptomycine, ampicilline, enrofloxacine were identified in all isolates. Cefquinome, then 
Tetra-delta and tulathromycin were the most active during the second testing, with resistant 
colonies or total resistance to Neomicine/Bacitracine/ Tetracycline, Lincomycin/ 
Spectinomycin, Trimethoprim/ Sulfametoxazole.  The results supported the increased 
antibiotic resistance due to irrational use of antibiotics, compromising the sow in the case of 
a bacterial re-infection due to lack of antibiotic treatment efficacy. 
Key words: sow, mastitis, KB testing, antibiotic-resistance 
 

Modern swine production all over the world confronts nowadays the 
Postpartum Dysgalactia Syndrome (PDS). Within this framework, the coliform 
mastitis (CM) is known as a multi-factorial infectious disease postpartum. The 
animals refuse to eat and drink, the mammary glands are red and painfull, the 
rectal temperature is increased over 39.5 °C, sometimes vaginal discharge. The 
most important symptom is a severe drop in the milk production, which fails to 
appropriately feed the piglets. Husbandry- and management were incriminated 
earlier as the most important factors inducing mastitis in sows, but lately, the role of 
infectious agents was stressed. Ubiquitous agents such as E. coli and S. aureus 
were mostly isolated from the milk of the animals, but other Enteriobacteriaceae 
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could also be present (2, 6). Mastitis due to Trueperella pyogenes, if present, could 
be a major cause of losses in piglets (4). Frequency and severity of this complex 
disease depends on the immune status and reactive capacity of the sows, some 
remaining healthy, while others develop clinical or sub-clinical mastitis (3). In a 
study carried out on 56 sows after farrowing the prevalence of different bacterial 
species in the anterior and posterior mammary glands of sows was monitored, in 
connection with mastitis and agalactia, but the results did not support any 
differences between the healthy and diseased sows. It was concluded that the 
development of clinical infection was dependant on the individual resistance of 
single sows (5).  
 Resistance to antibiotics became lately one of the most important issues in 
human and animal therapy. The coliform bacteria are sensitive to a broad spectrum 
of antibiotics especially macrolides (azithromycin, clarithromycin, erythromycin, 
spiramycin, tylosin/tylocine, roxithromycin, etc.), tetracyclines or sulphamides (12). 
50% of the mastitis resistant to antibiotics, mainly amoxicillin and oxitetracyclin 
were caused by E. coli. These bacteria were though sensitive to enrofloxacine (1). 
Resistance to antibiotics in swine is also an increasing phaenomenon. A research 
conducted to establish the resistance/sensitivity of the coliform bacteria to 
antibiotics in order to establish an appropriate treatment protocol showed that their 
sensitivy to different drugs was very low: to ampicillin only 19.2%, to tetracycline - 
17.1%, to neomycin - 17.4%, while to streptomycin - 0.4% and to β-lactams 
(cephalosporins, monobactams, carbapenems) of 3.5% (14).  
 The mastitic sow milk microbiome and its antibiotic - resistance were 
evaluated in this study in order to establish an appropriate protocol for general 
therapy on the farm. 
 

Materials and methods 
 

The research was carried out on 38 sows on an intensive breeding farm. 
Out of the total, 47.37% were aged 2 years, 50 % were 3 years old and only 2.63% 
were four years old. Before the farrowing, the animals were moved to individual 
boxes in the maternity shelter. All the treatments on the farm occasioned by 
infections of any kind were done with antibiotics, marbofloxacin being frequently 
used. No sensitivity tests were carried out, the protocol including a double dose of 
any available antibiotic, done once. All sows were lactating at the moment of the 
research. At the clinical examination, the animals showed acute or chronic mastites 
with nodules, cutaneous lesions or ulcers on the teats’ skin.  

The vaccination protocol included two vaccines, ie Gletvax 6®  (Zoetis, 
Belgia)  against Escherichia coli strains K88ab, K88ac, K99, 987P and Clostridium 
perfringens C , Porcilis Parvo®  (Intervet Olanda) against swine parvovirus. 

Milk was sampled from each sow once the piglets fed, in healthy animals 
and before the treatment in the clinically diseased ones. Before the sampling, the 
mammary gland was washed with warm water and soap, rinsed thoroughly with 
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warm water, dried with a clean towel and disinfected with 9% medical alcohol. The 
samples were harvested and kept in sterile recipients at +4°C till processing.  The 
milk samples were transfered to simple broth, incubated for 24h at 37°C and then 
transfered to Mueller Hinton and to MacConkey agar. After 24 h of incubation and 
preliminary microscopy by Gram stain (11), API 20 Strep, API Staph, API 20 E 
selective tests were applied to isolated colonies, depending on their type. The Kirby 
Bauer antibiotic sensitivity test on Muller Hinton agar was performed, using 
enrofloxacin (ENF), amoxicillin (AX), neomicin/bacitracin/ tetracycline (NBT), 
oxytetracycline (O), ampicillin (AM), Tetra Delta (TD95), a typical antimastitic 
combination efficient against Streptococcus aureus, S. uberis, S. dysgalactie, S. 
agalactiae şi Escherichia coli, florfenicol (FLO), streptomycine (S), tetracycline (T), 
doxicicyclin (DO), tulathromycin (TUL), Lincomycin/ Spectinomycin (LCS 109), 
Cefquinome (CEQ), Trimethroprime/Sulphametho-xazole (SXT 25). The inhibition 
diameters were measured in mm and resistant colonies or total resistance 
recorded. Resistant colonies were retested with another batch of antibiotics.  
  

Results and discussions 
 

Swine farming expanded worldwide in the last decades, the number of 
animals increased due to the increased need for pork. Sow mastitis represented a 
study object for at least half a century, but the interest in this topic has not 
diminished (10). Once diagnosed, antibiotic resistance explained the failure of 
various treatments and posed numerous new questions to practicing vets and 
microbiologists.  

The starting point in designing mastitis research in sows concerning 
antibiotic resistance was represented by mastitis and their treatment in cows. 
There, more numerous experiments were carried out due to the importance of milk 
quality for the consumers. In an experiment aiming at establishing the efficacy of 
cephalonium or cloxacillin within Australian dairy herds, the results indicated that 
there was no significant difference between treatments for infections with 
Staphylococcus aureus, Streptococcus agalactiae and Streptococcus uberis. 
Cephalonium was more efficient than cloxacillin against Corynebacterium bovis 
and Staphylococcus epidermids (80.3% versus 70.7%)(13, 15). 

Similarly, in cow mastitis, epidemiological studies indicated bacteriological 
cure rates vary between 0% and 80% when antibiotics were used. There are 
researches that support the idea of a biofilm formation and significant genetic and 
physiological changes in bacteria after the antibiotic treatment, rather than the loss 
of activity of the major classes of antibiotics used for the treatment of 
bovine mastitis (9). 

In sows, a study assessing the effects of oral administration of 
chlortetracycline (CTC) to prevent and minimize reproductive infections in sows 
and gilts indicated that reproductive failure of bacterial origin can be controlled with 
in-feed use of broad spectrum antimicrobials (7,8).  



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017 TIMISOARA 
 

118 

 During the first isolation step (16 animals), coliforms were present  in 6 
(37.50%) while other bacteria including Streptococcus/Staphylococcus were 
present in 15 samples (93.75%).   
 In the second group, the other bacteria were more numerous, present in all 
11 samples (100%), while Streptococcus/Staphylococcus was found in 10 samples 
(90.90%), and coliforms were the (36.36%).  
 The results indicated that the vaste majority of etilogical agents in these 
animals were Streptococcus/Staphylococcus. They could be transfered via the 
water, the fodder, suckling piglets to their mothers, indicating fecal pollution of the 
environment on the farm. Figure 1 includes the overall percentages of the isolated 
flora.   
 

 
 

Fig. 1. The distribution by genera of the microflora isolated from mastitic sows. The 
overlaps are explicable due to the isolation of similar, but also several different 

strains from various animals 
 
 After the readings of the antibiograms, the colonies were mostly sensitive 
to florfenicol. The colonies resistant to this antibiotic were further tested, 
supplementing the number of antibiotics used. G- bacilli were also constantly 
present, with E. coli traits.  
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active while lincomycin/spectinomycin and trimethroprime/sulphamethoxazole were 
the least active. Total resistance and resistant colonies were present in case of the 
latest antibiotics.  
 

Conclusions 
 
 The microbiome in sows with clinical and subclinical mastitis was selected 
towards resistance under the inappropriate antibiotic treatment pressure.  
 The irrational use of antibiotics “at the hand”, without testing the bacteria 
sensitivity as well as the unjust protocol used created a high level of antibiotic 
resistance at herd level.  
 Not only Gram negative bacteria (E. coli, coliforms) were highly antibiotic 
resistant, but also Gram positive ones such as Streptococcus/Staphylococcus, 
Clostridium and Corynebacterium were insensitive to most of the antibiotics, the 
microbiome changing in a sense where most antibiotics are useless in the 
treatment of any of the current infections on that farm.  
 

References 
 

1. Chandrasekaran, D., Venkatesan, P., Tirumurugaan, K. G., Nambi, 
A.P., Thirunavukkarasu, P.S., Kumanan, K., Vairamuthu, S., Ramesh, 
S., Pattern of antibiotic resistant mastitis in dairy cows, Veterinary World, 
2014. 

2. Gerjets, I, Kemper, N., Coliform mastitis in sows: A review. J Swine Health 
Prod., 2009, 17(2), 97–105.  

3. Jaeger, Alexandra, Bardehle, D., Oster, M., Günther, Juliane, Muráni, 
E., Ponsuksili, S., Wimmers, K., Kemper, Nicole, Gene expression 
profiling of porcine mammary epithelial cells after challenge with 
Escherichia coli and Staphylococcus aureus in vitro, Veterinary Research 
2015, 46, 50. 

4. Jarosz, ŁS, Gradzki, Z, Kalinowski, M., Trueperella pyogenes infections in 
swine: clinical course and pathology. Pol J Vet Sci., 2014, 17(2), 395-404. 

5. Kemper, Nicole, Gerjets, Imke, Bacteria in milk from anterior and posterior 
mammary glands in sows affected and unaffected by postpartum dysgalactia 
syndrome (PPDS), Acta Veterinaria Scandinavica, 2009, 51, 26. 

6. Kemper, N., Bardehle, D., Lehmann, J., Gerjets, I., Looft, H., Preissler, 
R., The role of bacterial pathogens in coliform mastitis in sows, Berl. 
Munch. Tierarztl. Wochenschr., 2013, 126(3-4), 130-6. 

7. Korudzhijski, N., Bozhkova, G. Gulubinov, G.V., Dzhurova, I., 
Georgiev, S., Drug resistance of bacterial strains isolated from sows with 
the clinical picture ofmastitis-metritis-agalactia, Vet Med Nauki., 1987, 
24(7), 15. 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. L (3), 2017, TIMIŞOARA 
 

121 

8. Martineau, G.P., Smith, B.B., Doizé, B., Pathogenesis, prevention, and 
treatment of lactational insufficiency in sows, Vet Clin North Am Food Anim 
Pract., 1992, 8(3), 661-84. 

9. Melchior, M.B., Vaarkamp, H., Fink-Gremmels, J., Biofilms: a role in 
recurrent mastitis infections?, Vet J., 2006, 171(3), 398-407. 

10. Ponomarova, M.I., Effect of antibiotics on cocci that 
are mastitis agents in sows, Mikrobiol Zh., 1965, 27(3), 59-64. 

11. Răducanescu, H., Bica-Popii, Valerica, Bacteriologie veterinară, Ed. 
Ceres, Bucureşti, 1986. 

12. Răpuntean, Gh., Răpuntean S., Bacteriologie Veterinară Specială, Ed. 
AcademicPres, Cluj-Napoca, 2010. 

13. Shephard, R.W., Burman, S., Marcun, P., A comparative field trial of 
cephalonium and cloxacillin for dry cow therapy formastitis in Australian 
dairy cows. Aust Vet J., 2004, 82(10), 624-9. 

14. Zanella, G.N., Mikcha, J.M.G, Bando, E., Siqueira, V.L.D., Machinski, 
M., Occurrence and Antibiotic Resistance of Coliform Bacteria and 
Antimicrobial Residues in Pasteurized Cow's Milk from Brazil, Journal of 
Food Protection, 2010, 9, 1596-1773, and 1684-1687. 

15. * * * WHO Antimicrobial Resistance Global Report on Surveillance, A 
Summary, 2014, 1-8. 

 



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017 TIMISOARA 
 

122 

ANTIBIOTIC RESISTANCE PROFILE OF THE MASTITIC 
BACTERIOME IN DAIRY COWS COULD BE INFLUENCED BY 

CHANGES IN pH  
 

MONICA SUĂTEAN, MARINA SPÎNU, F. BRUDAŞCĂ, R. GIUPANĂ, C. CERBU, 
A. VASIU, SILVANA POPESCU, CARMEN DANA ŞANDRU, I. IONUŢ 

 
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, 400372, 

3-5 Mănăştur Street, Cluj-Napoca, Romania 
E-mail sandranac@gmail.com 

   
Summary 

Mastitis, mainly localized but sometimes generalized infections occurring in dairy animals 
are initiated by microflora associated with chemical and physical factors. Not only clinical, 
but also subclinical mastitis represent causes of severe economic loss at farm level. The 
research was conducted on Romanian Spotted dairy cows raised under semi-intensive 
farming conditions, aged three to five years, showing clinical or subclinical mastitis 
diagnosed by California mastitis test and somatic cell counts. The milk samples were 
colected before the morning milking in sterile containers and processed by classical 
microbiological methods: cultivation on classic and selective media, performing sensitivity 
testing by Kirby-Bauer disc diffusion method to ampicillin, enrofloxacin, gentamicin, 
oxytetracycline, ciprofloxacin, amoxicillin clavulanic acid and commercial product Tetra 
delta® containing novobiocin, neomycin, penicillin procaine, dihydrostreptomycin and 
prednisolone.  To estimate the potential changes in antibiotic sensitivity induced by changes 
in the environmental pH, the Kirby- Bauer method was repeated on isolated bacteria after 
their pre-treatment with acid (4-6.5) or alcaline (7.8-8.2) pH.The dominant bacteria 
(Enterococcus - 45% and Staphylococcus - 55%), were sensitive to ciprofloxacine and 
partially or totally resistant to other antibiotics. Both alcaline (8.0) and acid (5.0) pH proved to 
be useful in increasing the sensitivity to ciprofloxacine for all isolates.  The behaviour of 
bacteria in presence of antibiotics was highly variabble after pre-treatment with  with other 
pH values, ranging from low sensitivity to total resistance. We concluded that changing the 
pH could be of help in treating mastitis in dairy cows, while associated with the appropriate 
antibiotics. 
Key words: pH, mastitis, antibiotic resistance, staphylococci, enterococci  

 
Mastitis represent one of the most important diseases which occur in dairy 

farms, causing significant economical losses due to the high costs of the treatment, as 
well as the decrease of the milk quantity along the changes of its components (8).  

This pathology is frequent in bovines due to the breeding conditions on one 
hand, and due to the association of the microflora with physical and chemical 
factors, on the other hand. It is characterised by the increase of the somatic cells in 
the milk along with pathological alterations of the mammary gland tissue (10). 

Mastitis are classified in clinical, subclinical, they are contagious and 
enviromental. When the mastitis is subclinical there are no local signs of 
inflamation, nor systemic, but once the pathogen enteres the cows blood stream it 
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can persist throught the whole lactation period. In clinical mastitis we encounter 
inflamatory responses along side organoleptic changes of the milk. Currently the 
therapy used in treating this pathology is based on the use of antibiotics, but using 
them without testing them we allowed the appereance of antibioticoresistance 
fenomena. This creates difficulties in the therapy protocols (1). 

 
Types of mastitis 

Staphylococi mastitis emerges when the bacteria acts on the mammary gland 
causing its inflammation, being one of the most encountered types of mastitis. It 
commonly affects the cows with high milk production, Staphylococcus aureus and 
Staphylococcus albus being the most frequent strains isolated. Staphylococcus aures 
is coagulase positive and haemolytic. Other possible strains causing this pathology are: 
Staph. epidermitis, S. chromogenes, Staph.hominis, Staph. hycus,Staph. Sciuri, Staph. 
Cohnii, Staph. wörneri alongside Staph. xylosus (4). 

Serous mastitis represent an inflamation of the interstitial connective tissue 
of the mamary gland. The microflora is comprised of Streptococcus spp.; 
Staphylococcus spp. (11). 

The etiological factor in pyobacilar mastits is Corynebacterium pyogenes, 
bacteria that comes from enteritis and uterus infections causing the inflamation of 
the mamary gland. This bacteria recieved recently the name of Trueperella 
pyogenes and it spreads mostly in the residual milk, when the milking is poorly 
done. The affected udder is enlarged, hard on palpation and frequently there are 
absseces that become fluctuent and open. The milk is fibrous then purulent (9). 
Another type of mastitis frequently encountered is that produced by Escherichia 
coli, and the clinical signs are represented by two types. First there can be a 
mastitis with paraplegia or without it. The second one manifest through the 
alteration of the general status, pyrexia, anorexia, and muscular weakness. The 
milk has a pink-yellowish colour and it is serous. With proper treatment it heals in 
about 10 days. When discussing the paraplegia mastitis adding to the before 
mentioned symptoms the cows are paralyzed and can’t get up from the ground, 
they are down on the opposite side of the affected udder (2). 

A productive inflamation of the udder, characterized by the appearance of  
granulation nodules with localization under the skin or in the glandular parenchyma 
as well as the increase in the volume of the mammary gland. In the center of these 
nodules we can find a small cavity filled with creamy white or yellow puss, that is 
extremly rich in Actinomices israeli. This type of mastitis is hard to treat because of 
its antibioticresistance (7). 

The first case of mycotic mastitis was discovered by Fleischer in 1930. This 
type is caused by the following germs: Pichia fariosa, Candida parapsilosis, 
Trichosporum cutaneum, Aspergillus spp. or Criptococus neoformans. Udder 
lesions are a big part of this pathology because the infection with these fungi is 
made possible through the sorroundings, of the milking machine, the lack of a 
propper hygene being the most important risk factor (6). 
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Mastits provoked by germs from the Nocardia genus are as well trasmited 
like the one caused by fungi, and it is characterised by the appearance of fybrosis 
and nodules on the udder. This type has a chronic evolution and its almost always 
refractory to antimicrobial therapy (12).  

A less documented mastitis is the one caused by algae, specifically 
Prototecha spp. (Prototecha zopfii),  an unicelular organism (4). The milk 
production decreases, it has a watery consistance with clots of milk in it. 
Histologically, we encounter the  pyogenic mastitis with the presence of algae 
within the alveolar lumen, interstitial or macrophages between epithelial cells (5). 

 
Materials and methods 

 
The biological material used in this research was milk. The milk samples 

were collected in sterile containers before the morning milking and  after California 
Mastitis Test was performed.  

The exams used in this thesis were microbiological exams, consisting in 
bacteriological exams. The bacteriologic exams consists in a bacterioscopic exam 
using the Gram stain technique, alongside a cultivation on broth and simple agar 
and as well on blood agar.  For the biochemical exams we used API test, more 
exactly API Staph and API Strep tests.  

The antibiograms used for testing the susceptibility/resistance to certain 
antibiotics, we used the Kirby-Bauer method.  

A specific test we used a protocol involving a in vitro treatment protocol of  
the isolated bacterial strains using  acidifiers at different pH values such as (4.0, 
4.5, 5.0, 5.5, 6.0 and 6.5). Similar we used a in vitro treatment protocol of  the 
isolated bacterial strains but this time we used  alkalinizing agents at  pH values of 
7.8, 8.0 and 8.2. 

 
Results and discussions 

 
After the before mentiones test we obtained different results. On cultural 

aspects on broth, we observed the degree of turbidity going from mild to a opac 
aspect of the broth. As well we need to observe the presence or absence of the 
deposit in the broth. we obtained a procent of 50% of samples with the presence of 
a white, adesive deposit. On simple agar we observed round colonies, both smooth 
and rugous, all the colonies were white, excepting two which were slightly yellow. 
The colonies varied in dimensions between small to medium colonies. On the 
Gram stain tehnique we observed coci and diplococci, gram positive.After using the 
biochemical tests, API test we obtained Staphylococcus xylosus, Staphylococcus 
scirui and two strains of Enterococcus faecium (Fig.1 , Fig. 2 and Fig. 3). 
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Fig. 1. API Staph Test Staphylococcus xylosus (original) 
 

 
 

Fig. 2. API Staph Test Staphylococcus sciuri ( original) 
 

 
 

Fig. 3. API 20 STREP Test Enterococcus faecium (original) 



LUCRA
 

126 

The
with clavu
obtaining fo
obtained th

Fig. 4. Ant

Fig. 5. Ant

ARI STIINTIF

e antibiotics 
lanate acid
or the specif
e following r

 

ibiogramm re

tibiogramm r

ICE MEDICIN

used for test
, Enrofloxac
fic tests wer
results explai

esults of the 
using 

results of the
using 

NA VETERINA

ting in this th
cin. Gentam
re we used a
ined in Fig. 4

varying ph fo
alkalinizing a

 

e varying ph f
alkalinizing a

ARA VOL. L (3

hesis were: T
micin, Ciprof
acidifing and
4., Fig. 5, Fig

or the Entero
agents 

for the Staph
agents 

3), 2017 TIMIS

Tetracicline, A
floxacin and

d alkalinizing
g. 6, and Fig.

ococcus Fae

hylococcus s

SOARA 

Amoxilicillin 
d Ampicilin 

g agents we 
 7. 

 
ecium strain 

 
spp. strains 



LUCRA
 

Fig. 6. Ant

Fig. 7. Ant

The
the isolated
pH of 8. It 
while for th
7.8 pH. On 
at a alkaline

ARI STIINTIFI

tibiogramm r

tibiogramm r

e varying pH
d strains, the

generated a
e Staph. xyl
the other ha

e pH of 8.0 a

ICE MEDICIN

results of the
using

results of the
using

C

H determined
erefore ciprof
a 21 mm dia
losus strains 
and, Enteroc
as well as am

A VETERINA

 varying ph f
g acidifier ag

e varying ph f
g acidifier ag

Conclusions
 

d a different
floxacin prov
ameter of in
it was more

coccus faeciu
moxicillin with

ARA VOL. L (3

for the Entero
gents 

 

for the Staph
gents 

 
s 

t behaviour 
ved efficient a
nhibition for t
e efficient the
um, can be tr
h clavulanate

), 2017, TIMIS

rococcus faec

hylococcus s

of the antibi
at a pH of 5 
the Staph. s
e use of gent
reated with c
e acid at a pH

SOARA 

127 

 
cium strain 

 
spp. strains 

iotics for all 
as well at a 

sciuri strain, 
tamicin at a 

ciprofloxacin 
H of 5.0.  



LUCRARI STIINTIFICE MEDICINA VETERINARA VOL. L (3), 2017 TIMISOARA 
 

128 

In conclusion the association of various antibiotics has proven to be usefull 
in treating mastitis in cows, while considerating the varying values of the pH. 
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Summary 

Chilled fresh meat in general, and poultry and turkey in particular is an extremely important 
source of pathogens for consumers, taking into account the particular E. coli and Salmonella 
spp., which are the main causative agents of food poisoning in both the European Union and 
other countries on other continents. Most research of nowadays have highlighted the 
importance of reducing the number of microorganisms on the surface of the carcass at the 
slaughterhouse. One way of eliminating these pathogens is represented by the end product 
decontamination. Thus, poultry slaughterhouses and processing plants for poultry apply 
several methods of decontamination, according to H.A.C.C.P. principles. In this research we 
aimed the disinfecting action of ozone, in different concentrations, ozone used to treat water 
for turkey slaughtering processes and also to treat the air from these spaces, the Salmonella 
strains and total number of germs. 
Key words: ozone, decontamination, enterobacteriaceae, meat. 
 

Fresh meat is an important nutrient substrate for microbial growth, due to 
the fact that it has a high water activity and contains low molecular weight 
substances, easily digestible, it is also a source of carbon and energy, containing 
carbohydrates, lactic acid, amino acids, minerals, soluble phosphorus etc. (1, 2). 

Some countries apply two types of decontamination methods: physical or 
chemical. Physical methods involve treatment with steam and water at high 
temperatures, UV exposure, high pressure processing and irradiation. Chemical 
methods relate to the use of chlorine and chlorine-based compounds, trisodium 
phosphate, organic acids, electro-activated (electrolyzed) water and ozone. We note 
that the European Union legislation allows only lactic acid decontamination (6). 

Among the chemical agents, ozone is characterized by a very high 
oxidative potential, which is considered to be about 1.5 times higher than that of 
other disinfectants used in food processing (1, 7, 9). 

As a non-toxic disinfectant, ozone may be used for the control of 
multiplication of undesirable microorganisms in food processing establishments, as 
well as on surface of various equipment and utensils used in the food industry. 
Also, ozone is considered to be the ideal disinfectant for water used in food 
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processing, having the main advantage in relation to most disinfectants, that it does 
not decompose in chemical products unfit for subsequent food consumption (3, 7, 
9, 10). 

 
Materials and methods 

 
Biological samples were collected from a turkey slaughterhouse in which, 

in 2013, was detected the presence of Salmonella serovar Typhimurium. Sampling 
was performed once / week for two weeks, during 10 - 17.04.2013 and targeted, 
from the turkey carcasses: neck skin at detachment (n = 20); neck skin after ozone 
treated water bath (n = 20); neck skin after drying (exposure to ozone treated air) 
(n = 20), and from organs: liver after evisceration (n = 20); liver after ozone treated 
water bath (n = 20); gizzards after  evisceration (n = 20); gizzards after ozone 
treated water bath (n = 20). 

Laboratory analysis targeted the detection/determination (isolation and 
identification) of Salmonella spp., E. coli, the total number of germs by total plate 
count (TPC) and colonies of other species from Enterobacteriaceae family. 

Decontamination was performed with GRYPHON FILTER GF3XO-101 
A10.5KT ozone disinfection equipment. We mention that the equipment (the 
generator) runs 15 minutes/hour and delivers ozonized water with a concentration 
of 0.3 ppm. Ozone is also introduced in the air of storage chambers for carcass 
drying, where the ozone generating system operates for 20 minutes, every 40 
minutes, producing ozone at a concentration of 0.2 ppm. 

The slaughterhouse also has other equipments for air ozonation, installed 
in workplaces and corridors. These devices are operating for 15 minutes/hour and 
generate ozone at a concentration of 0.1 ppm. 

For the determination of Salmonella spp. colonies the following stages 
were covered: 

Pre-enrichment: mixture of 25 g sample + 225 ml of buffered peptone water 
were introduced into the STOMACHER 400 CIRCULATOR (Seward Limited, UK) 
homogenizer and subjected to a speed of 230 rpm for 30 seconds; the obtained 
suspension was incubated at 37°C for 18 hours. 

Selective enrichment: after incubation, 0.1 ml of obtained culture was 
transferred in a test tube with 10 ml Rappaport-Vasiliadis broth (RVS), and 
incubated at 41.5°C for 24 hours; in another test tube was transferred 1 ml culture 
in 10 ml of Muller-Kauffman-tetrathionate-novobiocin (MKTTn) broth and incubated 
at 37°C for 24 hours. 

Isolation: from the RVS broth culture, using an inoculation loop, was 
inoculated the surface of a Petri plate with xylose-lysine deoxycholate agar (XLD), 
and the MKTTn broth culture was inoculated in RAMBACH agar; the incubation 
was performed at 37°C for 24 hours. 

Confirmation: the colonies of Salmonella grown on XLD agar have a black 
center and a transparent bright pink-reddish color area due to the color indicator 
change. For confirmation, from each plate were taken, at least one colony 
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considered to be typical or four if the former is negative and were inoculated on 
plates with nutrient agar, to be incubated at 37°C for 24 hours; this step was 
followed by biochemical confirmation.  

To determine the E. coli β-glucuronidase positive species the following 
steps were done: using a pipette or a micropipette 1 ml of the initial suspension 
was transferred into two Petri plates; inoculation was repeated in other plates 
containing decimal dilutions of the original solution; in each Petri plate was poured 
about 15 ml of TBX medium (tryptone-ball-glucuronidase), previously cooled at 
44°C in a water bath; inoculums were homogenized thoroughly and allowed to 
solidify by placing the plates on a flat, cold surface; after solidification, the plates 
were incubated at 44°C for 18-24 hours, after incubation, the typical β-
glucuronidase-positive E. coli (blue colonies) colony forming units (CFU) were 
counted on each plate containing less than 150 typical CFU.  

For a valid result, only the plates that contained at least 15 blue CFU were 
considered. 

The number of CFU of E. coli β-glucuronidase-positive (N) present in 
analyzed samples per milliliter or per gram, was calculated based on the average 
of two successive dilutions using the following formula: 

 
 , in which: 

 
∑a - the sum of CFU counted on all plates retained from two successive 

dilutions, at least one of which contains a minimum of 15 blue CFU; 
n1 - number of plates retained for the first dilution; 
V  - volume of inoculums on each plate; 
n2 - number of plates retained for the second dilution; 
d  -  dilution factor corresponding to the first dilution retained. 

 
To determine the TPC, two Petri plates were inoculated with a sterile 

pipette, 1 ml of the original suspension, then, over the inoculums was added 12-15 
ml of agar cooled at 44-47°C, after homogenization of the content, the plates were 
allowed to stand on a cold surface until solidification. After incubation at 30°C ± 1°C 
for 72 hours, colonies counting were performed in diffused light. 

Colonies belonging to bacteria from Enterobacteriaceae family were 
highlighted by the following steps: using a sterile pipette, 1 ml of the initial 
suspension was transferred in two Petri plates and then were made serial dilutions 
using a new pipette for each dilution; in each Petri plate was added approximately 
10 ml of medium with violet red bile glucose (VRBG), cooled in a water bath at 44-
47°C; the inoculated medium was carefully homogenized by horizontal movement, 
and the resulting mixture was allowed to solidify at laboratory temperature, the 
plates were placed on a cold surface; after complete solidification of the mixture 
about 15 ml VRBG medium was added to the surface to ensure semianaerobe 
conditions, after which the plates were again allowed to stand for solidification; 
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incubation was carried out at 37°C for 24 hours; confirmation of the presence was 
performed by counting typical colonies (pink to red-purple, with / without 
precipitation haloes) on plates that contained less than 150 colonies. 

 
Results and discussions 

 
In laboratory tests carried out on turkey carcasses and their organs, 

Salmonella was detected in 25 g of sample, in a batch of a thousand turkeys with 
an average weight of about ten kilograms. Following these findings, the carcasses 
were routed to S.C. Protan S.A. for high thermal processing and for obtaining meat 
flour for pet food. 

As a corrective action and for improving the effectiveness of sanitation 
actions, the unit has ceased operations, has sanitized the whole slaughter line and 
has purchased and installed ozone disinfection equipment GRYPHON FILTER 
GF3XO-101 A10.5KT. 

As it can be seen in Table 1 and Fig. 1, Salmonella spp. were found in five 
of the ten samples of neck skin detachment, sampled for the first determination, 
specifying that they were taken before exposure to ozone treated water. If the neck 
skin samples were sampled after ozone treated water bath Salmonella spp. were 
absent. 

 
Table 1 

Microbiological exam results after the first determination 

No. Sample Salmonella 
/ 25 g 

E. coli 
 / 10 g 

TPC  
/ 10 g* 

Enterobacteri
aceae  
/ 25 g* 

1 Neck skin at detachment 5 samples (+) Absent 195455 5 samples (+) 

2 Neck skin after ozone treated 
water bath Absent Absent 252 Absent 

3 Neck skin after drying (exposed 
to ozone treated air) Absent Absent 210 Absent 

4 Liver after evisceration Absent Absent 57 Absent 

5 Liver after ozone treaded water 
bath Absent Absent 39 Absent 

6 Gizzards after evisceration Absent Absent 195455 Absent 

7 Gizzards after ozone treated 
water bath Absent Absent 192 Absent 

 
This means that ozone used for water treatment used in the process of 

turkey slaughter at a concentration of 0.3 ppm, has bactericidal effects on strains 
belonging to the Salmonella genus. 

The disinfecting effect of ozone was manifested also upon the total number 
of germs (total plate count), the number of colony forming units was significantly 
reduced after exposure of carcasses and organs to ozone treated water or ozone 
treated air (Table 1, Fig. 2). 
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Fig. 1. Ozone influence on Salmonella spp. from turkey carcasses 
 

Simultaneously, bacteria belonging to Enterobacteriaceae present in 
samples from turkey carcasses were removed after contact with treated water, 
issue that was maintained after exposure of carcasses to ozonized air, during the 
drying step (Table 1). 

 

 
 

Fig. 2. Ozone effect on number of colony forming units in turkey carcasses and organs 
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In the second measurement, Salmonella spp., E. coli and 
Enterobacteriaceae were absent in samples taken both before and after 
treatment with ozone treated water or air, the effect of ozone can only be 
documented in the case of TPC (Table 2, Fig. 3). 

The positive effects of ozone, respectively reduction and elimination of 
bacterial species of interest for this study, are not surprising, literature states 
that exposure of poultry carcasses to ozonized water leads to a reduction of 
up to 99% of bacteria and fungi contaminants depending on the concentration 
used (5, 6). Eliminating all Salmonella strains can be explained by the fact 
that it was shown that such bacteria are sensitive to ozone treatment, 
Salmonella were killed completely after washing chicken carcasses with 
ozonized water for 20 minutes (5). 

 
Table 2 

Microbiological exam results after the second determination 

No. Sample 
Salmonella

/ 25 g 

E. coli 

 / 10 g 

TPC  

/ 10 g* 

Enterobacter
iaceae  

/ 25 g* 

1 Neck skin at detachment Absent Absent 391 Absent 

2 Neck skin after ozone 
treated water bath Absent Absent 293 Absent 

3 
Neck skin after drying 
(exposed to ozone treated 
air) 

Absent Absent 292 Absent 

4 Liver after evisceration Absent Absent 98 Absent 

5 Liver after ozone treaded 
water bath Absent Absent 15 Absent 

6 Gizzards after evisceration Absent Absent 518 Absent 

7 Gizzards after ozone treated 
water bath Absent Absent 145 Absent 

 
Thus, Sheldon Brown (8), using different concentrations (0.15 to 1.5 ppm) 

ozone treated water for cooling poultry carcasses noticed a reduction of 7-8 times 
of TPC and the disappearance of coliforms, E. coli and Salmonella spp. 
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Fig. 3. Effect of exposute to ozone treated water and air on numbers of colony 
forming units in assessed turkey carcasses and organs 

 
Jindal et al. (4) obtain similar effects on both NTG's, and the coliforms, E. 

coli, Salmonella spp. and Pseudomonas aeruginosa at a concentration of about 0.5 
ppm ozone in water for cooling poultry carcasses. 

 
Conclusions 

 
Ozone treated water used in the slaughtering of turkeys at a concentration 

of 0.2 ppm, eliminates Salmonella spp. present on the carcasses. 
Ozone treated water used to wash the turkey carcasses and organs, has 

negative effects on bacteria from Enterobacteriaceae family, reducing at the same 
time, the total number of germs. 

Exposure to ozone treated air in a concentration of 0.15 ppm, while drying, 
leads to a further reduction of the total number of germs on the surface of 
carcasses. 
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Summary 
Bacterial pathogens such as E. coli/coliforms, Salmonella spp., Vibrio spp. From aquatic 
sources or fish could cause food and/or water born infections, thus posing a health risk to 
consumers and tourists in areas such as the Danube Delta, even more in case the carried 
species are antibiotic resistant. Meanwhile, pelagic fish being active and itinerant, they could 
carry around bacteria, thus creating new epidemiological cycles.  
The research aimed to investigate the presence the antibiotic resistance in fecal microflora 
species isolated from benthic and pelagic fish and its variation depending on the season. For 
that, a number of 27 samples of gills and hepatopancreas from each perch (Perca fluviatilis), 
wels catfish (Silurus glanis), sander (Sander lucioperca), pike (Esox lucius), gibel carp 
(Carassius gibelio) and common carp (Cyprinus carpio) were collected from the Danube 
Delta and subjected to classical isolation techniques using simple culture media and 
afterwards Chromogenic UTI medium and BrillianceTM E. coli/ coliform selective medium. 
Antibiograms were done by the Kirby Bauer method, using ciprofloxacin, penicillin, 
streptomycin, erithromycine, oxitetracycline, marbofloxacin, akamicine, enrofloxacine and 
ampicilline. The selected microflora consisted of E. coli, coliforms and E. fecalis. There were 
no significant differences between the diameters of inhibition areas by season. Nevertheless, 
the number of resistant colonies was the highest in the cold season and lower in the warm 
season. The most active antibiotic was ciprofloxacine (20.8±2.3 mm), with no resistance or 
resistant colonies, but its activity declined with the temperature during the cold seasons. The 
inhibition values were highly variable in each species.  
The results showed changes in antibiotic resistance depending on season, rather than on 
fish species, their feeding habits or habitat.  
Key words: fish, fecal bacteria, antibiotic resistance, Danube Delta  
 
 Antimicrobial resistance is one of the most complex global health 
challenges, threatening to reverse the substantial progress against infectious 
diseases made since the golden era of antibiotic discovery during the second half 
of the previous century. These “miracles of modern medicine”, and their 
tremendous gains for health, have long been taken for granted.” – said Dr. 
Margaret Chan, Director-general WHO in her Report on April 17, 2017 (3). She 
also mentioned that, after decades of overuse and missuse in human medicine and 
veterinary medicine, some antibiotics are no longer effective. “As WHO reports 
show, antimicrobial resistance is on the rise in every region of the world. WHO, 
Food and Agriculture Organization of the United Nations (FAO) and the World 
Organisation for Animal Health (OIE), recognizes that a crisis of this magnitude 
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requires an effective One Health approach involving coordination among many 
sectors at national and international levels” (4). 

Four ecological compartments were considered as sources for the 
resistome transfer, and these include mammalian host (humans, animals) and also 
environmental sources (plant, soil and water). As shown, bacteria with no 
pathogenic significance and no direct contact with antibiotics originating from the 
environment, aquatic environment included, could remain a permanent source of R 
genes for pathogenic bacteria. One best example is Aeromonas, present in the 
aqueous environment, posing risk to those fishing, surfing, swimming, diving (1). 
Nevertheless, numerous niches where these bacteria could be present still remain 
undeinvestigated. 
    This research aimed to investigate the presence the antibiotic resistance 
in fecal microflora species isolated from predatory and herbivorous, benthic and 
pelagic fish in the Danube Delta and its variation depending on the season. 

 
Materials and methods 

 
 To monitor the fish species, the feeding behavior and habitat as well as 
the seasonal influence on antibiotic resistance, a number of 27 samples of gills and 
hepatopancreas from each perch (Perca fluviatilis), wels catfish (Silurus glanis), 
sander (Sander lucioperca), pike (Esox lucius), gibel carp (Carassius gibelio) and 
common carp (Cyprinus carpio) (Table 1) were collected from the Danube Delta. 
To monitor the seasonal changes in the antibiotic ressitance, sampling was 
performed during March 2013 and May 2013, from two locations, Canalu Central 
and Canal Turcesc. Five more sampling locations were added in September 2013 
and February 2014 (Table 2).  
 

Table 1 
Feeding and habitat peculiarities of tested fish 
Feeding 
behavior 

Latin name English name 

pelagic 
predatory Perca fluviatilis Perch 
predatory Sander lucioperca Sander 
predatory Esox lucius Pike 

benthic 
predatory Silurus glanis Wels catfish 
herbivorous Carassius gibelio Gibel carp 
herbivorous Cyprinus carpio Common carp 

 
 The samples were subjected to classical isolation techniques. For that, 
the cultivation was performed using simple culture media and afterwards Chromogenic 
UTI medium and BrillianceTM E. coli/ coliform selective medium, for identification. 
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The selected microflora consisted of E. coli, coliforms and E. fecalis. Antibiograms 
on these isolates were done by the Kirby Bauer diffusion method, the discs 
containing 9 antibitics (ciprofloxacin, penicillin, streptomycin, erithromycine, 
oxitetracycline, marbofloxacin, akamicine, enrofloxacine and ampicilline).  

 
Table 2 

Experimental protocol (seasons, sampling sites, sampled organs, fish 
species, isolated bacteria) 

March 2013 May 2013 

Place Species  Bacteria Place Species  Bacteria 

Canal central Pike  Br E.coli Canal Tataru Gibel carp Hp E.fecalis 

Canal Central Pike  Br E.coli Canal Tataru Gibel carp  Br E.coli 

Canal Tataru Pike  Br E.coli Canal Tataru Gibel carp  Hp E.coli 

Canal central Pike  Hp E.coli Canal Tataru Gibel carp  Hp E.coli 

Canal Central Perch  Hp E.coli 

 

Canal central  Perch  Hp Coliforms 

Canal central Sander Br E.coli 

Canal central Sander Hp E.coli 

Septembrie 2013 Februarie 2014 

Place Species  Bacteria Place Species  Bacteria 

Bazin Ciotica 
Gibel 
carp Br E.coli 

Intrare Canal 
Flamanda Gibel carp  Br E.coli 

Bazin Ciotica 
Gibel 
carp Br E.coli 

Intrare Canal 
Flamanda Gibel carp  Br E.coli 

Canal Belciug Pike  Br E.coli 

C. Turcesc 
spre vărsare 
în Melea Wels catfish Br E.coli 

Canal Belciug Pike  Hp E.coli 

C. Turcesc 
spre vărsare 
în Melea Wels catfish Br Coliforms 

Canal Belciug Perch  Br E.coli Bucla Km 19 Wels catfish Br E.coli 

Canal Belciug Perch  Br E.coli Bucla Km 19 Carp  Br E.coli 

Canal Belciug Perch  Br E.coli Bucla Km 19 Carp  Br Coliforms 

Canal Belciug Perch  Br E.coli  
  
Inhibition diameters were read, and the presence of total resistance (R) or resistant 
colonies (partial resistance, CR) were recorded. 
 The results were statistically interpreted by the use of Excel program. 
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Results and discussions 
 
 Raw fish as part of human ready-to-eat foods represents a source for 
microbial contamination, becoming an important public health issue. The number of 
coliform bacteria in raw fish attained 5.1x104 (CFU/g) while enterobacteriaceae 
were at 6.8x104 (CFU/g), stressing the importance of these bacteria in fish and also 
their potential pathogenic impact for consumers (5). 

Enterobacteriaceae, Escherichia coli, Salmonella, Staphylococcus aureus 
and Listeria monocytogenes were the most frequently reported organisms in a 
meta-analysis based on literature published in a 15 year interval, in several African 
countries standing for the length of persistence (6). E.coli populations, depending 
on their provenance, can show multi-drug resistance, which seems to be the 
highest in food producing animals and therefore represent a risk for consumers by 
food products of animal origin (7). 

 

 
 

Fig. 1. Changes in overall inhibition (average – all species, all antibiotics) diameters 
(mm) by season 

 
Escherichia coli and enterococci are used as indicator organisms in 

monitor antibiotic resistance in fish. When 44 fish and shrimp samples were tested 
against a panel of 29 antimicrobial agents, Enterococcus faecalis (59%) and 
E. coli (55%) were the most common. Multidrug-resistant (MDR) E.coli and E. coli, 
E. fecalis and S. aureus strains were found in shrimps (64%) and pangasius (17%). 
Thus, E. coli and E. faecalis in fish and seafood, could be used for 
antimicrobial resistance monitoring programs (2). 

In the present research, the inhibition diameters varied from strain to strain, 
being different from 11 to 26 mm; nevertheless, the average diameters calculated 
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by antibiotic type, differ significantly for May and February (p<0.05)(14 to 19 mm in 
March, 11 to 21.5 in May, 12 to 19 in September and 11.5 to 20.4 in February). 

The highest overall sensitivity was recorded in March, with a slight 
subsequent decrease, the values for May, September and February being close. 
The onlz antibiotic with no R or CR in any of the seasons was the ciprofloxacin. 
There were no R and CR to enrofloxacin in February (Fig. 1).  

The variation of total resistance and number of samples showing resistant 
colonies were presented in Fig. 2. The highest total resistance was present in 
March and February, at similar levels, while May had the least R and CR.  

 

 
 

Fig. 2. Variation in cumulated total resistance and resistant colony numbers by 
season 

 
The isolated E. coli, coliform and E. fecalis strains showed multidrug 

resistance, to 7 or 8 of the tested antibiotics, at different levels. The presence of 
resistant colonies stands for the partial inefficacy of the antibiotics used against 
these strains. This phenomenon is further posing the risk of selective pressure 
towards MDR in these locations in case of their use and increasing the consumer 
risk.  

 
Conclusions 

 
The results indicated the presence of antibiotic resistance indicator 

bacteria in the tested samples and also showed that the changes in antibiotic 
resistance depended on the season, rather than on fish species, their feeding 
habits or habitat.  
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Summary 
Turkey meat gains an increasing importance due to its particular nutritious value and also 
low colesterol content, therefore genetic studies tend to improve the phenotype by selecting 
lines which better convert the fodder and are also higly productive. Nevertheless, the 
epidemiology of specific or non-specific infectious diseases is continuously changing in spite 
of optimal technology farming technologies being provided (feeding, nutrition, prevention of 
infectious and parasitic diseases). Therefore, the early and precise diagnosis is essential for 
establishing the most efficient control and prevention programmes.  
The investigations were carried out to clarify the etiology and potential therapies  during an 
episode of turkey chick enteritis and mortality syndrome, producing consistent loss at the 
farm level. For this, clinical, pathological and labotarory (bacteriological and molecular) 
investigations were conducted on a turkey farm affected by PEMS. The clinical picture 
included: numbness, anorexia, ruffled feathers and diarrhoea, accompanied by fibrine and 
puss deposits in the pericardium and abdomen, lesions of air saks, phytobezoar in the 
stomach, congestive mesenteric blood vessels, hemorhages in the intestine. Shiga2 
positive, antibiotic sensitive E. coli was present in the samples colected from the chicks,  
also indicated by the literature as one of the agents in PEMS.  
The results confirmed the development of PEMS on the selected farm, severe protective 
measures, such as evaluation of the chick source, desinfections, as well as the improvement 
of the parent fenotype being necessary. This study represented the first disease alert for 
PEMS in Romania.  
Key-words: turkey chicks,  E.coli, molecular diagnosis, PEMS 
 

Poultry production is increasing year by year. Since turkey meat is highly 
valued because its low colesterol content and its nutritious qualities, studies carried 
out by geneticists tend to improve the phenotype by selecting the most productive, 
best feed converting lines. Albeit on intensive farms optimal technology (feeding, 
nutrition, prevention of infectious and parasitic diseases) are provided, according to 
the highest standards and norms, the epidemiology of specific or non-specific 
infectious diseases is continuously changing.The relatively high number of 
influential factors condition the appearance of episodes with compex etiology. 
Thus, the precociuos and precise diagnosis is essential for establishing the most 
efficient control and preventive program (4). Subsequent to the appearance of a 
disease in a turkey flock, the consequences for both health and economy are 
severe, therefore appropriate management and technology as well as preventive 
vaccinations are compulsory (1). 
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 Poult enteritis complex (PEC) is an infectious intestinal syndrome of young 
turkeys. In fact, it comprises several microbial agents, and the outcome of their 
interaction in association with environmental factors is considered to be PEC. 
Some of its components (coronavirus enteritis) are well defined, while others 
(PEMS) are still under research.  As a multifactorial disease, PEC is infectious and 
also transmissible, with a devastating economic impact (5).  

The investigations carried out in this research adress the etiological 
clarifications during an episode of turkey chick enteritis and mortality syndrome 
(possibly PEMS?), which has never been described in our country and which, 
nevertheless, already caused consistent loss.  

 
Materials and methods 

 
Clinical, pathological and laboratory (bacteriological and molecular) 

investigations were conducted on a turkey farm affected by PEMS, located in 
central Romania. The farm capacity is of 78.000 turkeys per year, the birds being 
raised for 6 weeks and then comercialised. The birds are imported from Hungary, 
on day one and the first cycle is initiated in February, comprising 13.000 
individuals. The breed is a novel one, with valuable qualities, called Converter. The 
turkey house is of 12.000 m2, the permanent bedding being of straw. The inside 
temperature is 30-32ºC during the first two weeks, and heating is stopped after the 
first month of life. The temperature was regulated by four ventilators and 
automatically positioned windows. The chicks are fed with a started fodder the first 
12 days, then it is changed to started II and fatening fodder after 28 days of age.  

A very strict vaccination protocol is implemented to prevent infectious 
diseases, including Necastle disease and rinotracheitis (day 1), vitamin C for the 
first five days, a vitamin complex from day 9 onewards for 5 days in the drinking 
water and booster vaccinations against newcastle disease (days 14 and 28), 
rinotracheitis (day 35) and antibody checks on day 38 to monitor the immune status 
against Newcastle disease.  

At the end of the productive cycle the chicken house is thoroughly cleaned, 
all the ventilators, feeders and waterers are removed, the premises are desinfected 
with 7,5% formaline and it is closed for 24 h. The next day another disinfection with 
2,5% virocid is performed and the chickenhouse is closed for 10 days. Sanitation 
samples are taken before introduction of the new series of birds. The caretakers 
are only allowed to own dogs and cats and are checked periodically for E.coli and 
Salmonella.  

The study was carried out on 252 birds, diseased or dead. Clinical 
examination of the sick birds and necropsies were performed. Samples were taken 
to identify the causes of the disease, transfered to simple broth and incubated for 
24h at 37°C. Further, the samples were transfered to simple and to MacConkey, 
Brilliance, XLD agar. After 24 h of incubation and preliminary microscopy by Gram 
stain (6), API 20 Strep, API Staph, API 20 E I selective tests were applied to 
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isolated colonies, depending on their type, for identification by use of the specific 
software. 
 The PCR (polymerase chain reaction) was carried out to identify the 
bacteria involved in the etiology of the disease (7). The only enzyme used in this 
method is a DNA polimerase (8). 

Since the presence of E. coli was suspected based on the gross pathology, 
the specific primers for stx1 and sxt2 genes were: F CAG TTA ATG TGG TGG 
GGA AG/ stx1R CTG TCA CAG TTA CAA CCG T  and F TTC TTC GGT ATC CTA 
TTC CC/ stx2R ATG CAT CTC TGG TCA TTG TA, respectively. The device used 
was a PCR Bio-Rad C1000TM, and the test also involved a DNA extraction kit ( G-
Dex™ IIC kit). The protocol was applied according to the producers’ instructions.  

Method: During the first phase the primers were heated in the PCR 
machine at 95ºC - 3 min, after that at 95ºC for 30 s. This stage, called DNA 
denaturation, the H bonds are ruptured.  Further, the extracted DNA is added and 
heated to 65ºC for 30 s. Due to the decreased temperature, the primers bind with 
the extracted DNA. The mixture is kept at 72ºC for 7 min. The segments obtained 
by PCR were identified by electrophoresis and the specific segment was examined 
under UV light  (Bio-Red BioDoc-It™ imagine system). 
 

Results and discussions 
 

The clinical picture included: numbness, anorexia, ruffled feathers and 
diarrhoea. Salient clinical features include stunting and poor feed utilisation that 
result from enteritis. In the more severe forms, runting, immune dysfunction and 
mortality are reported (4, 5). 

The gross lesions included fibrine and puss deposits in the pericardium 
and abdominal air sacs (Fig. 1), phytobezoar in the glandular stomach, congestion 
in mesenteric blood vessels (Fig. 2), hemorhages in the intestine.  

Microbiological examinations:  
The results of the microbiological tests from the pericardium and bone 

marrow of the turkey poults indicated the presence of average size colonies, 
smooth and yellowish in color on simple agar, while on Brilliance agar the color was 
blue, and on XLD yellow. On MacConkey, the colonies had a red color, that stood 
for lactozo positive bacteria. This bacteria was sensitive to antibiotics, the 
pathogenicity being induced by the toxine synthesis. In the literature, gross and 
microscopic lesions of enteritis are present in all forms but tend to be non-specific, 
due to various microbial agents. Similarly, these agents could induce various other 
lesions, according to their pathogenic pattern. The basic pathogenesis leans on: a) 
destruction of the intestinal mucosa, initiated by viruses and then subject to 
secondary infections and b) inflammation; c) proliferation of secondary agents, 
usually bacteria (5).  

The results confirmed the presence of E. coli and the development of 
PEMS on the selected farm, the severe microbiological protection measures being 
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compulsory (evaluation of the chick source, desinfections, etc.) as well as the 
improvement of the parent fenotype, the disease being transmitted by eggs 
(vertically or in the incubation station). This study represented the first disease alert 
for PEMS in Romania.  

In the case of PEMS, the treatment is unefficient due to the complex 
etiology. Most of the agents are viruses (Astrovirus, Coronavirus) associated to 
bacteria (Escherichia coli, Salmonella) and eventually fungi, causing alltogether a 
very severe enteritis in poults (2, 3). The results of a study conducted to investigate 
the importance of Coronavirus of turkeys in inducing PEMS in chicks indicated that 
TCV can be associated with PEMS but is “neither necessary nor sufficient to cause 
PEMS” (5). 

 

 
 

Fig. 1. Fibrine deposits in the 
pericardium (original, Puho, 2016) 

 
Fig. 2. Oedema and congestion of the 

mesenteric blood vessels (original 
Puho, 2016) 

 
The actual requirements on bacterial isolation impose also the 

establishment of the pathogenicity. Since E. coli is an epiphitic bacteria,  in this 
case, it is possible that new environments transfer, by genetic material, new traits 
to such bacteria (2). Once it became obvious that the isolated E. coli is involved in 
PEMS on the farms, PCR, was performed as mentioned in Materials and methods 
to confirm its pathogenicity.  

The samples tested positive for Shiga2 positive E. coli, indicated by the 
literature as one of the agents in PEMS. All strains tested negative for sxt 1 but all 
were positive for sxt 2 (Fig. 3, as indicated by the arrows).  
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