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PHENOTYPIC CHARACTERIZATION OF STAPYLOCOCCI
STRAINS ISOLATED FROM DIFFERENT CATEGORIES OF
HORSES
BUCUR I.M., NICHITA I., GROS R.V., GAȘPAR C.M., MOZA A.C., GLIGOR A.,
TÎRZIU E.
Banat’s University of Agricultural Sciences and Veterinary Medicine ”King Michael I
of Romania” from Timișoara, Faculty of Veterinary Medicine, 300645,
Calea Aradului No. 119, Timișoara, Romania
E-mail: iulia.bucur@usab-tm.ro
Summary
During one year, a total of 144 staphylococci strains were isolated from the skin and nares of
160 healthy horses with different age categories (mares with foals, yearlings and adults) from
two farms. The 144 isolates were identified as staphylococci with the following frequency: S.
xylosus 43.75%, S. sciuri 27.08%, S. equorum 14.58%, S. aureus subsp. aureus 10.41% and
S. epidermidis 4.16%. For the identification of these species, the Chromatic Staph aureus
medium, as well as the glucidolytic activity to 15 carbohydrates and 3 polyalcohols were used.
The results showed that in horses, regardless of age, the highest frequency was at coagulasenegative staphylococci, with the dominant species S. xylosus. Of the coagulase-positive
species, S. aureus subsp. aureus was isolated only from three categories of horses, but with
a low frequency, fact which confirms that skin infections, as well as mastitis, are rare in horses
compared to other species.
Keywords: horses, phenotypic, staphylococci

Staphylococci are bacteria widespread in nature, considered ubiquitous and
commensal bacteria of the skin and mucous membranes, in both animals and
humans. They are also present on various inert substrates, especially in animal
shelters, but also in products of animal origin, intended for human consumption. In
animals, but also in humans, staphylococci produce various localized or generalized
infections and diseases that are well defined, presenting economic and health
importance (1, 4, 6, 12).
In recent years, the role of staphylococci in animal and human pathology has
increased, with several species having a pronounced zoonotic risk. The frequency
of localized infections in animals and humans caused by coagulase-negative
staphylococci has also increased. Over time, these bacteria, due to genetic
variability, have developed important phenotypic characters that, along with known
pathogenic factors, contribute to increasing the etiopathogenic role in both animals
and humans. Biofilm formation, multiple antibiotic resistance, and increased
frequency of methicillin-resistant strains contribute to the severity of general or
localized staphylococcal infections, as well as the spread of coagulase-positive and
coagulase-negative staphylococcal strains, which possess these phenotypic
characteristics. The results obtained by numerous research teams have highlighted
5
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a complex epidemiological circuit of these strains, both in farm and pet animals, and
from them in humans (5, 10, 11, 13, 19).
The aim of this research was to phenotypically characterize and identify
staphylococci strains isolated from different categories of horses.
Materials and methods
Samples of pathological materials were taken from clinically healthy animals
using sterile swabs. Thus, 160 samples were taken from horses, by age categories,
respectively mares (30) with foals (30), adult horses (60) and yearlings (30). From
these samples, 144 were identified as positive, and no staphylococcal strain was
isolated from the rest of 6 samples.
The primary inoculations were performed in peptone water, and the incubation,
in aerobiosis, lasted 18-20 hours, at 37°C. Pure staphylococcal cultures, were
performed on Chapman agar, which inhibits non-halotolerant bacteria (8).
For the preliminary identification of the isolates, the following cultural and
biochemical characteristics were made:
- pigmentogenesis and hemolysis on agar with 7% defibrinated sheep blood;
- production of free coagulase on Baird-Parker agar;
- susceptibility to novobiocin and furazolidone;
- cultivation on the chromogenic medium Chromatic Staph aureus (20).
Glucidolytic activity towards 15 carbohydrates and 3 polyalcohols were used
for the definitive identification of isolated staphylococcal strains (8).
Comparisons between the frequency of staphylococcal species isolated
from the four groups of horses were made using the Chi-square test of
independence, at a level of significance set at p< 0.05.
Results and discussions
The preliminary identification based on the tested phenotypic characters had
as objective both the classification of the isolates in the genus Staphylococcus, and
the differentiation of the S. aureus subsp. aureus versus staphylococci generically
called “non-S. aureus staphylococci”. Also, in the preliminary identification, based on
the presence of free coagulase, the strains were classified in the two groups,
coagulase-positive staphylococci (one species) and coagulase-negative
staphylococci (4 species).
Susceptibility testing for furazolidone and novobiocin is an important
phenotypic feature for discriminating pathogenic staphylococci against micrococci
and saprophytic staphylococci, even if there were isolates that were resistant or
moderately susceptible to these two antimicrobial substances.
Pigmentogenesis and hemolytic activity in isolated strains were only
indicative, as these two phenotypic characters have great variability within the
staphylococcal species.
6
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The use of the Chromatic Staph aureus medium was useful, because it
allowed the discrimination of S. aureus subsp. aureus that formed pink-purple
colonies compared to other species of staphylococci that formed blue colonies (S.
sciuri), green colonies (S. xylosus), and white colonies (other species). Thus, on this
chromogenic medium, were preliminarily identified 15 strains as S. aureus subsp.
aureus, 65 strains as S. xylosus, 40 strains as S. sciuri and 24 strains as other
staphylococcal species.
Based on the glucidolytic activity, from the four analyzed categories of
horses, 144 staphylococci strains were definitively included in 5 species (Table 1).
The frequency of these species was between 4.16% and 43.75% (Fig. 1).
Coagulase-negative staphylococci strains were included in 4 species: S.
xylosus 43.75%, S. sciuri 27.08%, S. equorum 14.58% and S. epidermidis 4.16%,
while coagulase-positive staphylococci strains were included in the species S.
aureus subsp. aureus, which had a frequency of 10.41%. These species of
staphylococci had a different frequency depending on the categories of horses
examined. Thus, coagulase-negative staphylococci, both S. xylosus and S. sciuri
were present in all age categories, S. equorum was present in three categories of
horses (mares, foals and yearlings) and S. epidermidis was present only in adults.
The only coagulase-positive staphylococcal species, S. aureus subsp. aureus was
isolated from mares, yearlings and adults.
Table 1
The staphylococcal species isolated from four categories of horses
Mares

Foals

Yearlings

30

27

30

Adults
P
57 strains

strains

strains

strains

value

no

%

no

%

no

%

no

%

3

10

0

0

9

30

3

5.26

S. epidermidis

0

0

0

0

0

0

6

10.52

Coagulase

S. equorum

6

30

12

44.4

0

0

3

5.26

0.00008*

negative

S. sciuri

9

30

3

11.1

15

50

12

27.08

0.005

S. xylosus
12
40
12 44.4
6
*the chi-squared tests were performed with 2 degrees of freedom

20

33

57.9

0.008

Coagulase

S. aureus subsp.

positive

aureus

7

0.003*

%
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Fig. 1. Frequency of staphylococci strains isolated from four categories of horses
After analyzing the data, the results showed that in horses, regardless of age
and physiological condition, the highest frequency was at coagulase-negative
staphylococci, with the dominant species S. xylosus (43.75%). Depending on the
age category of the horses, the majority of S. xylosus strains were isolated from
adults (p <0.05). S. sciuri, the second-best represented species, was isolated in foals
at a significantly lower proportion than in yearlings and other age categories (p
<0.05). Thus, these results demonstrate the role of horses as a reservoir of
coagulase-negative staphylococci, which are ubiquitous on the skin and mucous
membranes. For the species S. xylosus and S. Sciuri, that had the highest frequency,
it can be stated that from horses through a complex epidemiological circuit, in which
both primary and secondary sources intervene, the two species could reach the
bovines where they trigger intramammary infections, especially subclinical ones.
S. epidermidis, a species of human ubiquitous staphylococcus, had a low
frequency (4.16%) and was isolated only from adults, because in horses, the contact
with humans is lower, especially in mares, where milking is absent.
S. equorum considered as ubiquitous staphylococcus in horses, with less
known etiological role, had a frequency of 14.58%, being absent in yearlings. In adults
it was isolated in a significantly lower proportion than in mares and foals (p <0.05).
The coagulase positive staphylococcus S. aureus subsp. aureus had a low
frequency (10.41%) compared to coagulase-negative staphylococci, because in
horses both infections located on the skin, or mucous membranes and mastitis in
mares are extremely rare. Thus, this species was not isolated from foals, while in
adults it had a significantly lower frequency than in yearlings and mares (p <0.05).
The results obtained, regarding the frequency of staphylococcal species
isolated from horses, are in accordance with the data on the frequency of some
8
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staphylococci reported by other authors.
Martino et al. (16), in Italy, in 2010, determined the frequency of MRSA
strains, present in nasal secretions, in healthy horses and in caring staff. For this
purpose, they examined 159 samples of nasal secretions from horses and 29
samples of nasal secretions from humans. The isolated strains were coagulasenegative, except for two strains, which were coagulase-positive and included in the
species S. aureus and S. pseudintermedius. Based on these results, the authors
conclude that, in healthy horses, coagulase-negative staphylococci are predominant,
as ubiquitous bacteria on the skin and mucous membranes, and resistance to
methicillin is present in other species, not only S. aureus.
In 2010, in Poland, Gradzki and Boguta (14) studied phenotypically and
genotypically the strains of staphylococci isolated from horses, from nasal
secretions, identifying the following species: S. xylosus (25 strains), S. sciuri (25
strains) and S. lentus (15 strains). Based on these results, the authors consider that,
in the investigated horses, only species of coagulase-negative staphylococci were
present, whose genetic polymorphism, established by the RAPD technique, was
different.
Aslantaș et al. (3), in Turkey, in 2012, studied the frequency of methicillinresistant staphylococcal strains, isolated from hospitalized horses, veterinary staff,
and various hospital facilities. Following the bacteriological examination, 209 strains
of staphylococci from horses, 13 strains from veterinary staff and 14 strains from
different areas of the hospital were isolated. Methicillin resistance was present in 123
strains, which were classified in the following staphylococcal species: S. lentus (118
strains), S. sciuri (3 strains), S. intermedius (one strain), S. fleuretti (one strain).
Based on these results, the authors suggest that there is an epidemiological circuit
of staphylococci between horses, veterinary staff and the environment in horse
hospitals.
In France, Haenni et al. (15), conducted a bacteriological study in dead and
necropsied horses, in order to establish the potential etiological role of coagulasepositive staphylococci in triggering infections. The authors took samples for
bacteriological examination from 3457 bodies of necropsied horses and isolated and
typed 60 coagulase-positive staphylococcal strains, namely S. aureus (59 strains)
and S. pseudintermedius (one strain). Based on this study, the authors consider that
S. aureus, intervenes as the main etiological agent in various infections in horses.
In Switzerland, Panchaud et al. (18) performed a retrospective study on
bacterial infections in horses, while monitoring the frequency of MRSA strains and
antibiotic resistance phenotypes. From the samples, the authors isolated 557 strains
which, following the typing, were included in the species S. aureus, S. equi subsp.
zooepidemicus and various coliforms, and the frequency of MRSA strains was 2.2%.
The results presented by the cited authors confirm, in part, the data obtained
from own research, which indicate that coagulase-negative staphylococci have the
highest frequency in horses (2, 7, 9, 17).
9
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Conclusions
In horses, coagulase-negative staphylococci had the highest frequency,
regardless of age category.
The presence of S. epidermidis, a human ubiquitous species, only in adult
horses, which comes into contact more often with humans, indicates the potential
interspecific transmission (human-animal).
Of the coagulase-negative species, S. xylosus was most frequently isolated
(43.75%), present in all age categories.
The low frequency of coagulase-positive species S. aureus subsp. aureus
confirms that skin infections, as well as mastitis, are rare in horses compared to other
species.
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THE EUROPEAN BISON (BISON BONASUS) IN ȚARCU
MOUNTAINS: MOBILITY AND INTERACTION
WITH OTHER SPECIES
BULACU A.¹, TÎRZIU E.², MOZA A.C.²
¹Romanian Wilderness Society, 335500, Carpati Street, No. 5, Hateg, Romania
²Banat’s University of Agricultural Sciences and Veterinary Medicine ”King Michael
I of Romania” from Timisoara, Faculty of Veterinary Medicine, 300645,
Calea Aradului No. 119, Timisoara, Romania
E-mail: alex.moza@usab-tm.ro
Summary
The European bison (Bison bonasus) was extinct from the Romanian wilderness for almost
200 years, until its reintroduction in the natural environment of the Țarcu Mountains, seven
years ago, in 2014. This study’s objective was to analyse the movement of bison in Țarcu
Mountains, their activity, ethology and interaction with other species. This action was possible
through the partnership between the Romanian Wilderness Society, Parco Natura Viva and
ARCA Foundation, the former partners in the reintroduction project of the European bison in
the South-western Romanian Carpathians. The methods that were used in this study are
camera traps, direct observation and indirect observation. After almost one year of studying,
we are able to present a monitoring analysis of the area where the bison cross from Râul Alb
Valley, the area where the soft release enclosures are located, to Higeg Valley, an area
preferred by some specimens for wintering. Some of the conclusions of the study are worth
mentioning: the bison herds tend to prefer areas located at high altitudes (1400 meters), with
increasing temperatures during summer-time. At the beginning of the mating season (midAugust), some specimens take refuge in the Higeg Valley, a few kilometres away from the
area where the rest of the specimens were released. When temperatures start to drop, in late
October, one herd of approximately 28-35 specimens settles closer to the peak that separates
the Alb River Valley from the Higeg Valley. Meadows and pastures are not culturally
abandoned, the presence of sheep herds being reported here. The presence of wild animals
in the monitored area is closely related to the movement of the domestic animals.
Keywords: Bison bonasus, European bison, field monitoring, ethology

The today’s terrestrial landscape is the result of the recent centuries
transformation of the land, from mainly wild, into a anthropogenic state, due to
human expansion and agricultural land use. Thus, in nowadays human-occupied
territories many wildlife species’ survival depends on the connection between the
isolated local populations (4, 12).
The protection of large terrestrial mammals is challenging in these humanoccupied lands, for the reason that they require vast, peaceful habitats, but in return
they are often poached or in conflict with people who use that land (5). Moreover, all
species are important to the ecosystem, and their destruction might result in ecological
meltdown (12). Studies realised after the reintroduction of the bison in Țarcu Mountains
show how important and valuable their action is over the ecosystem (6).
12
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One species of such importance is the European bison (Bison bonasus),
which happens to be among the threatened species. The European bison is largest
terrestrial mammalian living on the European continent, reaching dimensions of up
to 3 meters long, 2 meters tall (height from withers to the ground) (2). There is a
noticeable sexual dimorphism between males and females, such as size and shape
of the head, size and placement of horns, length and colour of the fur covering the
head, withers and forelegs. Therefore, male specimens weigh up to 1000 kilograms,
while females weigh between 400 and 600 kilograms (2).
Not long ago, at the beginning of 20th century, two isolated herds were still
alive, managing to survive the landscape fragmentation and excessive poaching.
Unfortunately, in the year 1927 the last wild European bison was killed in Caucasia,
causing a population bottleneck that left the species with 56 remaining specimens,
out of which 54 were genetically pure. Furthermore, they were living either in zoos or
public and private reservations, and were descendants of only 12 ancestors (2, 7, 11).
Having noticed that the species could become extinct, systematic breeding
and reintroduction programs were established in order to save it. As result, since
2018 the Bison bonasus species become vulnerable, instead of endangered,
according to International Union for Conservation of Nature (IUCN) (13).
Each bison has a unique number in front of their names, which corresponds
to the number in European Bison Pedigree Book, allowing researchers to easily
identifying them (Fig. 1). By doing this, the reintroduction and breeding within herds
could be done with avoiding inbreeding.
229 PLISCH
(15.06.1933)
BIALOWIEZA

158 PLATEN (1926 1933)

49 PLAKETTE /
GERDA (25.10.1924)

542 PUZON / PAMIR
(21.05.1940)
257 PUSTOTA
(decedată
14.05.1944)
823 PULONKA
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România in
November 8, 1958

163 BORUSSE
(1927)

45 PLEBEJER / WODAN
(1919 - 1937)
42 PLANTA / FRICK(1904)
(d 13.02.1931)
45 PLEBEJER / WODAN
(1919 - 1937)
42 PLANTA / FRICK(1904)
(d 13.02.1931)
113 SCHATTEN (1922)
25 BETTINA (1922)
87 BILL (1913)

161 BISCAYA (1927)
89 BILMA (1913)
229 PLISCH (1933 1951)
542 PUZON
(21.05.1940)
257 PUSTOTA
(1936)
723 PULOMKA
(15.08.1947)
163 BORUSSE
(1927)

158 PLATEN (1926)
49 PLAKETTE (1924)
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Bison bonasus
Bison bonasus
Bison bonasus
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Bison bonasus
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101 HAGEN (1911)
96 GATCZYNA (1911)
19 BEGAS (1914)
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86 BILDUNG (1907)
Bison bonasus
Bison bonasus
45 PLEBEJER (1919)
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42 PLANTA (1904)
113 SCHATTEN (1922)
25 BETTINA (1922)
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19 BEGAS (1914)
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85 BIEBERSTEIN (1907)
86 BILDUNG (1907)
Bison bonasus
Bison bonasus

Legend:
Pedigree no.,
MALE NAME
(year of birth)
Pedigree no.,
FEMALE NAME
(year of birth)

Male
Female
Female crossed with father or son
Male crossed with mother or daughter
Defective male
Defective female
Common male in background
Common female in background

Date according to the European Bison Pedigree Book, 1947-1969

Fig. 1. Family tree 823 Pulonka
However, regardless of the bison population inflation, the safety of the large
herbivores remains uncertain. Their survival depends on connecting the small
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isolated local populations into a single large one, through natural or human assisted
relocation of the specimens (8, 11).
In Europe, the Carpathian Mountains offer all the appropriate conditions for
the European bison. Through its vast landscape it represents a suitable place for the
establishment of such large populations (3, 8, 9).
In order to help the rescuing action of the Bison bonasus, Romania
established the 46th reservation in 8th of November, 1958, thus giving birth to the SlivuțHațeg bison Reservation (10). Two sexually mature specimens were relocated into the
reservation, a male named 897 Podarek and a pregnant female, 823 Pulonka. Their
descendants represent the starting population of both, “Dragoș Vodă” Reservation, in
Vânători Neamț, in 1967, and Neagra-Bucșani Reservation in 1983 (2).
After the reintroduction of Bison bonasus in the Țarcu Mountains, monitoring
activities were necessary in order to observe their mobility, areal expansion and
more importantly their interaction with other wildlife species, that haven’t seen a
bison in the last centuries (1).
The goal of our research was to analyse the movement of bison in Țarcu
Mountains, their activity, ethology and interaction with other species using three
methods: camera traps, direct observation and indirect observation.
Materials and methods
The gadgets used for monitoring in our study are as follows: both regular
binoculars (Bresser BAK4) and recording binoculars (ATN BinoX HD 4-16x), four
camera traps and two photo cameras (Nikon D40 and Nikon Coolpix P1000).
Field trips in the monitoring area began almost five years ago, when the
presence of bison in this area was reported and photographic evidence was
obtained. That was the moment when the idea of carrying out monitoring actions in
the Țarcu Mountains was born.
In order to capture, both the presence and the natural behaviour of the bison,
in areas located at a considerable distance from the place in which they were
released into the wild, three established methods were used: camera traps
monitoring, direct observation and indirect observation.
For this monitoring action, four camera traps were used, and despite of the
fact that they were two different models (two Wildlife Ph IP66 and two Digital Trail
Camera 8722), their features were very similar. The cameras were set on
Photo/Video mode, in order to immortalise the subject, but also record for 30
seconds its behaviour or even interactions with other species. These models also
record the date, temperature and series on each photo or video. The cameras were
mounted on trees located at the Fulgu peak and in the meadows below the forest,
on the path to the Rusca reservoir. They were placed as follows: one camera (SRS8)
in Poiana Înaltă; the SRS9 camera trap was mounted in the upper part of the
meadows at the edge of the compact forest, in the first glade; the SRS10 camera
trap was mounted halfway between the compact forest and the Rusca Reservoir;
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and the SRS11 camera trap was mounted in the lower part of the meadows, next to
the reservoir. In order to validate the collected data, we used the Locus Map Pro
smartphone application, through which we were able to pin-point the position of the
camera (Fig. 2). From time to time, the cameras had to be checked in order to replace
the memory cards and batteries, but also to ensure their integrity. The disadvantage
of this method is the limited storage size, 32 GBs in this case, which could fill up
within a couple of weeks. Therefore, occasional field trips had to be organised in
order to ensure the continuous functionality of them.

Fig. 2. The map of the monitoring area
During these trips, indirect observations were done by discovering animal
tracks, droppings and other clues about their presence. We tried to keep the
frequency of the field trips as low as possible, in order to reduce the anthropogenic
impact of the area, and to avoid polluting the field around the cameras with human
footsteps and odor. Direct observations were also done, while collecting the
necessary data for monitoring, we were lucky enough to come across the bison and
other wildlife animals in the field (Fig. 4, 5).
In order to choose the most suitable areas to set up the camera traps,
several factors were taken into consideration, such as the direct and indirect
observation of the European bison in that area, especially in last four years, and the
favourable habitat type for the species. Between the two important valleys, the Alb
River Valley, where the bison release site is located, and the Higeg Valley, there are
several connecting valleys that allow the bison movement between these main
15
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valleys. The most important connecting valleys are Rătăcita, Cenușaru, Călina,
Larga and Deavoia. We have also selected this monitoring area for the reason that
there is little data on the movement of bison to the South from the releasing area.
Another important aspect to count for when selecting the monitoring area is
the feeding preferences of the large herbivore, which consists up to 50% in tree
branches, leaves, sprouts and tree bark from various tree species, depending of the
period of year, or their need of minerals and nutrients (2).
Results and discussions
The first stage of the monitoring was carried out between 28.05.2020 –
09.05.2021. During this period, the presence of the bison and other wildlife species
was confirmed through the following: tracks and droppings (indirect observation) and
direct observation of the present fauna (Fig. 3); analysis of camera traps images and
footages (Fig. 4).

Fig. 3. Direct/indirect observation of mammals in Rusca Teregova area
between 28.05.2020 and 03.05.2021
Camera trap monitoring sheets were implemented in order to highlight the
video recording time, the number of photos and videos, as well as their storage
dimensions for each camera (SRS8, SRS9, SRS10 and SRS11). Next we have
processed all the data collected by each camera trap into a single table. By analysing
the operating times of all camera traps, within a total of 1340 days of monitoring,
which represents the sum of days they were in the field, we could outline the following
numbers (Table 1): 4691 video footages, with a total of 2345.5 minutes (29.09 hours
of video recording), 4693 photos, accumulating over 383.85 GBs worth of material.
It should be mentioned that, after checking all the photos and video recordings, only
those recordings that capture the presence of animals, domestic animals or human
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presence were saved in the database.

Fig. 4. Presence of mammals on camera traps in Rusca Teregova area
between 28.05.2020 and 03.05.2021
Table 1
Camera traps total data collection in Rusca Teregova area
Station no.
Camera trap no.
SRS8
SRS9
SRS10
SRS11
TOTAL
No. of hours of
video recorded

Date
28.05.2020 - 03.05.2021
28.05.2020 - 03.05.2021
28.05.2020 - 03.05.2021
21.06.2020 - 03.05.2021
1340 days

No.
No.
Minutes GB
pictures movies
1454
1453
726.5
105.6
1386
1385
692.5
118.8
1359
1359
679.5
118.8
494
494
247
40.65
4693
4691 2345.5 383.85
39.0917

For a better understanding of the presence of both, wildlife species and
human activities in the area between 28th of May 2020 and 9th of May 2021, we
created tables, in which we mentioned the species, the place and time of the event
(Table 2, Table 3).
From the experience so far, the bison are attracted by salt licks, which
determines us to choose as future data collecting points the feeding points/salt licks
that are set up by the manager of the Higeg hunting ground, and are used for feeding
the local wildlife.
The researching team will continue monitoring the movement, behaviour and
interactions of the bison with the local fauna, and even though we managed to gather
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a good amount of data, there is always room for improvement. In order to aid further
studies, in the following we will point out the factors that have negatively influenced
both, quality and quantity of the gathered data so far. Insufficient human, financial
and time resources made it impossible to place a large number of camera traps, on
much larger terrain distribution. Such an approach can be achieved through a
financing dedicated project.
Table 2
Presence of mammals on camera traps – part of the main table

Table 3
Direct/indirect observation of mammals in Rusca Teregova area
– part of the main table
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A great influence on the local fauna is given by the presence of domestic
animals, especially sheepfold and stray/feral dogs, which disturb and/or predate
wildlife species. Moreover, the change of the national legislation on grazing, which
allows the presence of sheep herds in the field throughout the year, leads to the
avoidance on using the area by the bison and other wild animals. Analysing the
returning time of wild animals to the camera traps after the passage of domestic
animals shows a large interval of time in which wild animals reuse the same path,
the shortest interval being of 149 minutes, in the case of a fox, and the longest being
of 6 days (Fig. 5).
Also, frequent movement of the researching team in the field can create
visible paths for tourists or local people, which may result in the theft or destruction
of the camera traps. Later on, transition to the winter season made the terrain hardly
accessible, and, as a result the operator was forced to move the location of the SRS8
camera trap from Poiana Înaltă, in a lower and more accessible area, near the
reservoir.

Fig. 5. Graphical representation of the time it takes wildlife animals to return after
domestic animals were present in the area
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Conclusions
After analysing almost one year of collected data, regarding the movement
of bison in the field, their activity, ethology and interaction with other species, we
came to the following conclusions.
The bison herds tend to prefer areas located at high altitudes (1400 meters),
with increasing temperatures during summer-time. At the beginning of the mating
season (mid-August), some specimens take refuge in the Higeg Valley, a few
kilometres away from the area where the re-introduced individuals were released.
When temperatures start to drop, in late October, one herd of approximately 28-35
specimens settles closer to the peak that separates the Alb River Valley from the
Higeg Valley.
There are no reports of aggressive bison behaviour toward local wildlife,
domestic animals or humans.
Outside the herd, young males live solitarily or in small male groups until
they become fully mature, and are capable of challenging other herd leading males,
therefore getting a chance to mate with the females within the herd, or sometimes
winning a few females and starting a new herd.
Meadows and pastures are not culturally abandoned, the presence of sheep
herds being reported here.
The presence of wild animals in the monitored area is closely related to the
movement of the domestic animals and human presence.
Feral/stray dogs were seen roaming in packs, therefore having a negative
impact toward the local wildlife.
Students and volunteers interested in research, proved to be an efficient
human resource, due to their motivation and free time, therefore, attracting as many
of them could improve further research.
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Summary
Inducing parturition in the swine species by applying hormonal or non-medical protocols in
order to synchronize them to the work program of their caregivers, captures an interest among
those involved in this area of the field. Uses of both prostaglandin F2α and oxytocin in sows
close to parturition can increase the incidence of piglets mortality. The aim of this article was
to identify the efficiency between the protocol for inducing parturition by using prostaglandin
F2α in combination with oxytocin and the use of a paper bedding that is necessary to stimulate
the antepartum instinct of nesting in this species. The study results are relevant due to the
fact that the non-medical protocol was more efficient in terms of synchronizing farrowing with
the work schedule of caregivers, and the duration of parturition was shorter by 69.94 minutes
in the group where no hormonal protocol was used. At the same time, the piglets mortality
rate was lower for the sows where it was used paper to stimulate the nesting instinct. Although
only 31 sows were studied, the results are beneficial in using a substrate as bedding for sows
around parturition.
Keywords: induced parturition, oxytocin, prostaglandin F2α, sows

Over time, pig farming production has become highly intensive, making the
total number of alive piglets for each sow to increase rapidly. One of the most
important factors to succeed in the pig farming industry is to optimize the
management of farrowing, it is known that their duration is directly correlated with
the number of piglets (13). The key factors for a successful parturition are: the
supervision of the farrowing, the assistance of sows in need, the help of piglets and
the cross-fostering for the overnumbered piglets (4).
Intensive management of the farrowing requires proper training of the
caregivers that take care of the newborn piglets and postpartum piglets. The length
of the gestation period and the parturition varies from one sow to another, and most
of the sows farrow during the night, which makes it difficult to monitor the farrowing
in optimal conditions. Although gestation in pigs varies by breed and individual
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between 112 and 119 days (24), 10% of sows can farrow between 110 and 113 (6)
and up to 25% after this period (5), which may lead to an increased risk of stillbirth
(5-14%) (10) due to piglet hypoxia (7, 21), a weight loss to the bodyweight of the
piglets and a lower quality of the colostrum (16) nonetheless sufficient to provide
protection to the piglets until weaning (20). To decrease these shortcomings, there
is the possibility to resort to progesterone administration in the last days of pregnancy
in order to induce parturition and to be as merged as possible and with minimal
implications concerning the newborns. This goal can be achieved by administering
prostaglandin F2α (PgF2α) (dinoprost or cloprostenol) (14) no earlier than two days
after the expected date of farrowing (7, 8), single or double dose (8), in combination
or not with oxytocin (3) or carbetocin (2, 21). Although oxytocin is currently used as
a uterotonic agent in over 80% of USA pig farms, it can cause problems in farrowing
and increase the number of dead piglets (1), thus being used less and less in
comparison to carbetocin (13). Superchi et al. (17), obtained the reduction of the
incidence of stillborn piglets and the synchronization of farrows due to the effect of
caffeine to inconstantly stimulate the uterine muscles by oral administration of
caffeine, 27 mg/kg, one day before the presumed parturition. In the past, carazolol a
β-adrenergic blocking agent was also used to trigger and accelerate the parturition
in sow (8).
In addition to carnivores and rodents, pigs are also species that have a
strong instinct to nest around parturition time, which is triggered by the increased
prolactin levels (22). Preventing sows from exhibiting this antepartum behaviour may
increase endogenous opioid receptor dysfunction (19), leading to an endocrine
imbalance of farrowing (impairing prostaglandin, prolactin, progesterone, oxytocin
and somatostatin), lactation (23) and female welfare (19).
The lack of materials necessary for nest building and space intended for
isolation prior to farrowing, with 6 to 12 hours before the onset of farrowing (15), can
lead to changed behaviour (bar-biting, agitation, stereotyping) (23). European Union
law stipulates that sows and gilts must be provided with the optimal materials for
making the antepartum nest (18).
The present study aims to compare the time period for induced farrowing
with the drug protocol versus the one in which paper is the only one used as a
material necessary for the nesting of antepartum sows, the comparison for the two
protocols, and which is suitable for synchronized farrowing with the work schedule
of the caregivers and evaluating the number of obtained piglets (alive, dead and
mummified piglets).
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Materials and methods
The present study was conducted in August 2020, in a pig farm on the TN70
line located in the eastern region of Spain. This line is distinguished by a particularly
well-defined maternal character, by a rapid body development and by a distribution
of levelled body fat.
Animals included in the study: There were 31 total pregnant sows that were
included in the study, for 17 (batch P) of them it was opted for the application of the
drug induction protocol of farrowing, and the remaining 14 (batch H) received a
quantity of 2 kilograms of shredded paper as material for nesting.
The conditions that were needed for breeding that the sows in this study had
to meet were: at least 8 months of age, 120-140 kg body weight, offspring that have
developed normal, a minimum of 12 nipples, to come from prolific sow mothers
(minimum 13 piglets, farrowed at one year of age and with an interval between
farrowings of maximum 7 months). Once the above conditions were met, the sows
that were in estrus were inseminated with refrigerated semen only after they showed
the reflex of immobility from a human and the specific behaviour of heat for sows.
The diagnosis of certainty for gestation was done by ultrasound 23-35 days after
artificial insemination, and in the 106-110 days of gestation, the sows entered
individual bunks in the maternity ward, on a Friday. At this time, female deworming
with ivermectin 1% solution for injection (Ivomec®, Boehringer Ingelheim, Germany)
and the grooming of the udder with 0.5% chlorhexidine spray solution (Kenomint
SD®, CID LINES, France) took place.
The sows were individually fed with pelleted feed through the ball feeding
system belonging to the Nedap Velos® software (Netherlands), and the addition was
ad libitum. At the maternity level, the floor was covered with powder (Mistral®, Olmix
GROUP, France) duet the need of reducing the humidity of the newborn piglets, and
the ambient temperature was 22°C and at the level of the heating plates 38°C,
necessary to warm up the newborn piglets.
Working protocol - Taking into consideration the work schedule of the
caregivers, which was between 6:30 and 18:00, in the case of group P, a single dose
of 0.075 mg/ml d-chloprostenol was chosen intramuscularly (Veteglan®, CALIER,
Uruguay) on the 113th day of gestation, followed by intramuscular administration of
oxytocin 10 IU / ml (Falcipart®, Syva, Spain), the next day at 7:00.
On the day of the maternity ward movement, the sows in group H received
2 kilograms of shredded paper so that they show the innate nesting behaviour
around the parturition time.
It should be noted that both protocols were applied by farm staff, so there
was no external stressor that could have disturbed the sows breeding or the piglets
suckling. In the meantime, the caregiver assisted in farrowing, noted the beginning
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and end of farrowing, the number of piglets and their status and intervened where
needed, without the suffering of any animal included in this study.
The processing of statistical data related to this study has been done using
the Office Excel 2016 program.
Results and discussions
Of the total 17 sows belonging to group P, one was excluded from the study
due to the fact that the parturition was triggered earlier by the administration of the
dose of oxytocin, and at the same time, it was necessary to use manual examination
of the vagina so that the blocked piglets were extracted.
If we were to refer to the average number of piglets per gestation in the two
groups, we can state that the average number is significantly equal (4.06 for group
P and 3.86 for group H) and there is a moderate positive correlation between the
average number and the duration of farrowing in both groups (0.40 for lot P,
respectively 0.39 for lot H).
If we were to refer to the average gestation in the two groups, it can be stated
that it is significantly equal (4.06 for group P and 3.86 for group H) with a moderate
positive correlation between the average gestation and the duration of farrowing in
both groups (0.40 for lot P, respectively 0.39 for lot H).
Considering the duration of farrowing following the use of the two protocols,
it was observed that sows that received shredded paper as material to express the
nesting instinct have farrowed 69.94 minutes faster than those who had their
parturition induced by the drug protocol (245 minutes, respectively 314.94 minutes)
(Fig. 1). From this result, it can be hypothesized that the nesting instinct can lead to
the release of oxytocin from the first day when sows enter the maternity which leads
to eutocic farrowing.
In 2021, Mills et al. (11) reported that in the group to which the PgF2α protocol
was applied on the 114th day of gestation, followed by a dose of oxytocin 24 hours
later, that the parturition is longer than in the control group (285.6 minutes compared
to 213 minutes).
In a study by Zaremba et al. (24), they obtained an average farrowing in the
control group of 240 ± 84 minutes, and in the group in which PgF2α was associated,
an average of 209 ± 68 minutes, which contradicts the present study, but also the
average number of the piglet per sow was 12.0 ± 3.0. Nevertheless, Ward et al. (21),
by administering oxytocin and carbetocin after the first piglet expelled, obtained a
farrowing time of 179 minutes and respectively 156 minutes.
In the case of group P, parturition was initiated at an average of 308.50
minutes after intramuscular administration of oxytocin, emphasizing the importance
of this substance in the mechanism of parturition in this species.
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Fig. 1. Mean of farrowing duration for each of the two lots
Zaremba et al. (24), by applying different protocols for synchronization of
farrowing, obtained 2.4 ± 3.5 hours, using a protocol identical to the sows in group
P, where the average was 5.14 hours, within the values mentioned by the authors.
Also, these authors, by replacing oxytocin with carbetocin, reduced the onset of
parturition by half, compared to the group in which oxytocin was used.
At the same time, 4 of the sows in group P exceeded the work schedule of
the caregivers by an average of 81.25 minutes, compared to group H, where only 2
sows exceeded the work schedule by only 13 minutes, which was reported by the
video surveillance system installed in the maternity ward. This highlights the
effectiveness of the no-drug protocol for inducing farrowing during the work schedule
of the caregivers. In contradiction, Kirkwood (8) reported a 20% increase in the timing
of farrowing with the work schedule of the caregivers when hormonal farrowing was
induced in sows.
Of the total of 258 piglets farrowed by sows in group P, 224 were alive, 17
piglets were farrowed dead and 17 mummified, with an average of 14.00 alive piglets
per sow, while group H resulted in 215 piglets, of which 208 piglets alive, 7 dead
fetuses and none mummified, the average number of alive piglets was 14.86 (Table
1).
In 2015, Zaremba et al. (24) obtained a percentage of 8.9% of dead piglets
in the control group and 7.7% in the hormonally treated group, these values being
much higher than those reported in this study, the difference may occur due to the
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breed of pigs used (rotational crossbreeding German Large White x German
Landrace).
A more recent study reported an average of stillborn piglets of 0.5 ± 0.1 in
the group receiving oxytocin after the first piglet and 0.7 ± 2 in the group receiving
carbetocin in the same manner, while the mean alive piglets were 12.4 ± 0.4, the
results of this study were similar to those reported here (21).
Table 1
Distribution of categories of piglets from the two groups of sows
Group
Piglets
Total

Alive
224

Group P
Dead
Mummified
17
17
258

Alive
208

Group H
Dead
Mummified
7
0
215

In 2021, Mills et al. (11) obtained an average of 12.39 piglets in sows in
which the parturition was hormonally synchronized and an average of 11.90 in those
in the control group, while the average of stillborn piglets was 0.7 and those
mummified below 0.7, the data was similar to those of the present study.
In the case of both groups of sows, there is an increased positive correlation
between the number of dead piglets and the duration of parturition, its value being
significantly equal between these groups (0.60 for group P and 0.50 for group H),
hence the statement that Iatrogenic administration of oxytocin does not significantly
increase the number of stillborn piglets due to intrauterine asphyxia. At the same
time, the number of dead piglets was 50% lower in group H, compared to those
resulting from drug-induced sows. This statement is similar to the data published by
Mota-Rojas et al. (12) who claimed that the simple administration of oxytocin in order
to trigger uterine contractions can increase piglet mortality by more than 50%.
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Conclusions
Although this study was carried out on a small number of animals, its
originality consists in the line of pigs that were used, and that this protocol has not
been reported so far to be used.
Another novelty is the comparison of a hormonal protocol with one that
increases the natural release of oxytocin by manifesting the antepartum nesting
behaviour specific to pigs.
The application of the last presented protocol has led to surprisingly better
results in terms of the duration of parturition, synchronization of farrowing with the
work schedule of carers and the number of dead piglets.
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Summary
In the paper are presented the results obtained following the analysis of the evolution of bird
flu outbreak, in a laying hens farm, from Seini, Maramureș County – Romania, in 2020. The
disease appeared on January 6, 2020 in a hall where there were 22.932 laying hens. On
January 8, 2020, DSVSA Maramureș was notified, samples were taken and sent for
confirmation to LSVSA Maramureș and IDSA Bucharest. The disease was confirmed in
January 14, by highlighting the highly pathogenic H5N8 strain of avian influenza virus. Until
the time when the birds were killed (January 14), had been recorded a mortality rate of 67.3%
(15.423). Following the application of measures to combat the disease outbreak, it was
liquidated by euthanizing the entire herd (7.509) and applied the final disinfection, so that on
final of 21 February 2020, the disease was extinguished and quarantine measures were lifted.
Keywords: laying hens farm, bird flu, H5N8

Avian influenza is a highly contagious disease caused by RNA viruses,
belonging to the genus Influenzavirus (Myxovirus influenzae), family
Orthomyxoviridae, genus Orthomixoviruses. The membrane of the virus contains
two surface antigenic proteins: hemagglutinin (HA) and neuraminidase (NA), which
gives it specificity of subtype and of antigenic variant (2).
From the multitude of subtypes, highly pathogenic avian influenza viruses
(HPAIV) of the H5 subtype remain a serious concern for poultry and human health.
Although often human infection is limited to conjunctivitis and mild respiratory
disease, occasionally transmission of HPAIV from infected poultry to humans results
in a severe public health crisis (19).
The importance for public health is joined by the increased economic losses
when the disease evolves in the avian populations. However, the biggest problem is
the existence of the natural reservoir, respectively of the wild birds, which makes the
control measures more difficult. For example, in 2010 strains of HPAIV (H5N8) were
initially detected among wild birds from Asia and then the infection was spread to
domestic animals across South Korea, China and Japan (14, 19, 10). Later, a novel
reassortant virus of subtype H5N8 was reported in Russia and further spread to
many countries from Europe, Asia, America and the Middle East. The transmission
of this new subtype to various continents has been associated with the migration of
wild birds (10, 11, 12, 13). Other sources of influenza virus infection can be various
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species of domestic and wild animals (5, 20). Due to the fact that it is a zoonosis (7,
8, 9, 17), control measures are difficult to approach and must take into account all
species that are receptive to the flu virus (2).
Materials and methods
The present study was performed on laying hens farm from Seini,
Maramureș County. According to the exploitation register, the farm was populated
on June 6, 2019 with 6-week-old chicks, coming from Hungary. Respecting all the
biosecurity and immunoprophylaxis measures specific to the productive type, within
the farm, there was a technological mortality of only 0.31%.
At the beginning of 2020, the total population of laying hens was 22.932
birds. The appearance of clinical signs of disease and the increase of mortality rate
starting with 06.01.2021 over the technological limit, determined the owner to notify
DSVSA Maramureș. On 08.01.2020, were collected:
 28 blood samples for serological examination. The purpose of the
serological examination was to detect neutralizing antibodies against Newcastle
virus and avian influenza virus.
 10 corpses for bacteriological examination. The purpose of the
bacteriological examination was to isolate possible pathogens involved in laying hen
mortality.
On 10.01.2020, 20 blood samples and 5 corpses were taken and sent to
IDSA Bucharest to establish an etiological diagnosis. For identification of the
etiological agent, it was used RT-PCR technique.
The data presented in the paper were provided from DSVSA - Maramureș
County.
Results and discussions
The first clinical signs were observed in 06.06.2020, being represented by
loss of appetite, depression, greenish watery diarrhea. The daily mortality rate in the
following days is shown in Table 1.
According to the previous table, until the confirmation of the disease
(14.01.2020), the number of dead birds was 15 423, the cumulative mortality rate
being 67.3%. Daily, mortality has experienced an ascending trajectory (Fig. 1), with
a significant increase from one day to another.
As can be seen in the figure above, the mortality rate has started to increase
significantly since day 3, reaching the value of 6,4%, about 5 times higher compared
to the first day of the study. In the next two days, the increase of the mortality rate
was moderate. On days 6, 7 and 8 of the study the percentage of mortality value
increased significantly, thus reaching to 14.1% on the 6th day, 17.5% on the 7th day,
and 24.6% on the day before the slaughter of the birds.
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Table 1
Mortality at the beginning of clinical signs
Day

Number of deaths

The percentage of daily
mortality

06.01.2020
07.01.2020
08.01.2020
09.01.2020
10.01.2020
11.01.2020
12.01.2020
13.01.2020

300
500
1415
1970
2128
2675
2922
3513

1.3
2.2
6.4
8.9
10.1
14.1
17.5
24.6

Fig. 1. The daily mortality rate, until the day of the liquidation of the herd
The control measures established at the date of reporting the disease
consisted of:
 placing the exploitation under sanitary-veterinary surveillance,
 the epidemiological investigation,
 strict compliance of the biosecurity measures according to ANSVSA order
no. 21/2018 (23).
The serological examination of the samples collected in 08.01.2020 revealed
the presence of antibodies for Newcastle disease and the absence of antibodies for
the avian influenza virus.
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The result of the RT-PCR test, from the samples collected in 10.01.2020,
was positive for the genome of the avian influenza virus - Matrix protein by RT-PCR.
The H5 hemagglutin subtype of avian influenza virus was also identified by RT-PCR.
The disease was confirmed on 14.01.2020, the date when control measures were
instituted. To combat the spread of the infection a protection zone (3 km) and a
surveillance zone (10 km) has been set up around the outbreak. At the same time,
the entire remaining herd (7509 hens) was killed by CO2 gasification and the corpses
were neutralized by incineration at that place, using the mobile incineration unit.
The epidemiological investigation established that the origin of the disease
could be migratory birds. The theory was supported by the epidemiological situation
of the countries close to the North-West of Romania (Hungary, Poland and Slovakia)
and the fact that Maramures County is on the northern migration path of wild birds,
as well as the fact that as on the pond located near the Seini platform, numerous
wild birds were observed.
According to OIE data, avian influentza has been confirmed in many
countries from Europa in the first semester of 2020, including: Bulgaria, Czech
Republic, Germany, Hungary, Poland, Romania, Slovakia, Ukraine (21). The
outbreaks were mainly limited to domestic birds, with the exception of Slovakia
where the infection was confirmed also to wild birds (21). According to the same
data, in Romania, in the first semester of 2020, two outbreaks of disease were
identified, and in the second semester of the same year the infection was not
confirmed. However, in the following year, 2021, a new outbreak of infection was
identified in the first half of the year. Along with Romania, in 2021, many other
countries have reported H5N8 infection, both wild and farm poultry (22). Moreover,
in the same year, Russia confirmed the presence of infectious humans with this
serotype (3). This situation is especially worrying if the dynamic of the evolution of
the virus is followed (1, 3, 4, 6). If initially H5N1 infections were reported and
dominant in 2010, now through the repeated passages from one receptive/ sensitive
organism to another, there has been a genetic reassortment predominating H5N8
(15, 16). Moreover, control measures are difficult to apply due to the natural reservoir
of the disease. All of these are hypotheses that support a possible new epidemic,
even a pandemic, of the flu virus among humans (18), especially since in the last
two years there has been a rapid spread of the infection in various regions.
Currently, the only measure with a major role in reducing the spread of
infection is the early detection of possible sources of infection and the killing of
animals from the outbreak. This measure was also applied in this study, the
confirmation of the disease and the killing of infected birds being a process that
lasted 8 days, during which general control measures for infectious disease were
applied. The disease control measures were lifted on 21.02.2021, when the outbreak
was declared extinct.

34

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA

Conclusions
In January 6th, 2020, in Romania, a bird flu outbreak produced by serotype
H5N8 has affected a farm in which were around 23,000 laying hens.
For the fighting to disease, the farm was quarantined, and all the birds was
euthanized. The extinguishing of the outbreak lasted until February 21, 2020.
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Summary
The objective of the study was to describe the mature, senior, and geriatric population
presented in a veterinary private practice with regard to age, sex, body condition and weight,
reproductive status, and time of neuter as part of a larger study on aging in cats. All 429 cats
in the study were over 7 years old at the time of inclusion and 92.54% of them were neutered.
40% had a normal body condition and weight, 36% were overweight and 24% were
underweight, highlighting the need to educate veterinarians and owners alike on weight
management and maintenance to support health and quality of life for the companion cat.
Keywords: feline obesity, feline aging, hormonal status, body weight variation

Aging cats represent a significant part of the cat population in most
developed countries, as pet longevity continues to increase due to better care and
preventive medicine (3). Cats are considered mature when they reach 7 years,
senior at around 11 years, and geriatric at over 15 years of age (1, 14). Feline aging
is a natural process and not a pathological one (3). Cats tend to age slowly as
compared to dogs, and there is little breed-related variation (3, 14). However, old
age is often accompanied by chronic illness, which is responsible for the commonly
observed clinical signs such as reduced mobility, cognitive dysfunction, and weight
loss (3, 6). Aging also reduces the metabolic rate, muscle mass, and activity levels,
which might lead cats to become overweight or obese (6, 14). Monitoring body
weight and body condition by the owner and veterinarian can help prevent diseases
associated with obesity, and also enable early detection of disease in animals losing
weight.
Materials and methods
The study was conducted on 429 cats of 7 years old and over that were
presented at a private clinic in Bucharest, Romania over a period of five years (20142019). The owners were questioned regarding the animal’s weight over time, diet
and feeding habits and history, age at neutering, as part of a larger study on senior
and geriatric cats . Detailed information about the study population included animal
identification, breed, sex, neuter status and age at the time of neutering, date of birth,
date of death, cause of death, behavioral changes, activity levels, outdoor access,
geographic area of residence, body weight, body condition score, disease history
37

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA

and chronic health conditions. The selection criteria for the 429 cats were a complete
dataset and at least one subsequent follow-up visit (patients were evaluated at least
2 times at 6 months apart).
The patient population was divided into three categories according to the
animal’s weight, using a simplification of the WSAVA 9-point body condition score
(Fig. 1). In cats, the body condition score is a subjective assessment based on
palpation of subcutaneous adipose tissue and observation of superficial bony
prominences and waist (20).
The first category is comprised of thin cats (underweight, in correlation with
the size of the animal) weighing between 2.2 kg and 3.9 kg. The cats in this group
all had visible ribs, pelvic bones, and scapulas, as well as various degrees of
abdominal tuck.
The second category includes cats of normal weight (ideal weight according
to size), weighing between 2.5 kg and 5 kg. These animals had palpable last ribs
and visible waist (the pelvic contour was identifiable), and the layer of subcutaneous
adipose tissue was under 1 cm.

Fig. 1. WSAVA Body Condition Score in Cats (23)
The third category included overweight or obese cats, weighing between 4.5
kg and 12 kg (overweight in correlation with the animal’s size). These animals had
no visible ribs and waist, undefined curves, no palpable pelvic bones, and the layer
of subcutaneous fat was well represented (occasionally well over 3 cm), with a
significant abdominal fat pad.
The cats in the study were also grouped according to age. Group 1 includes
cats aged between 7 and 9 years old, Group 2 comprises cats aged 10-14 years,
and Group 3, cats over 15 years. Finally, regarding hormonal status, the animals
were described as intact or neutered (before or after one year of age).
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Results and discussions
The average age of small animal pets is increasing: ‘in Europe the number
of dogs considered to be ‘‘senior’’ (>7 years of age) increased by approximately 50%,
whereas the number of cats older than 7 years of age increased by over 100%
between 1983 and 1995’ (9). In 2011, it was estimated that around 20% of pet cats
in the USA were 11 years or older (3), a percentage that has increased over the
years (24). Mature cats between 7-12 years tend to become overweight or obese,
whereas geriatric cats (of over 12 years) commonly begin to lose weight (10). This
study identified a similar pattern: the highest percentage of obese cats was 10 to 14
years old (43.67% of obese cats are in Group 2), whereas most thin cats (56.48%)
are over 15 years old (Group 3).
Of the 429 cats over 7 years of age in this study, 32 are intact (12 males and
20 females) and 397 neutered (190 males and 207 females). Neutering of cats is a
risk factor for obesity and it is often done in the first year of life (2, 7, 11).
As in most studies on aging and obesity in cats (15, 20, 21), most of the
patients in the study population were neutered (92.54% of 429 cats). Of the 12 intact
males, 7 were included in Group 1 (age between 7-9 years): 6 have normal weight
and 1 is thin; 3 in Group 2 (age between 10-14 years), and all three are thin; 2 were
classified into Group 3 (age over 15 years), and both are thin. Of the 20 intact
females, 10 are part of Group 1 (2 are obese, 2 are thin, 6 have normal weight); 4
are in Group 2 (3 are thin, and one is normal); 6 are in Group 3, and all 6 are thin. A
study evaluating body weight and body condition score in feral cats one year after
neuter found that they gained significant weight and body fat after neutering (16),
despite not being subjected to the most common risk factors for weight gain (being
physically inactive, fed mostly dry food, and indoor only) (7, 13, 17, 19).
Of the 190 neutered males, 66 are 7-9 years old (Group 1), 71 cats are 1014 years (Group 2), and 53 cats are 15 years or older (Group 3). Of the 66 mature
neutered males, 20 are obese (12 neutered before age 1 year old and 8 neutered
over the age of 1 year old); 45 have a normal weight (of which 35 were sterilized
before the age of 1 year old and 10 over the age of 1 year; only one is thin and
sterilized at over one year of age. Of the 71 cats Group 2, 28 are obese – 17 sterilized
before the age of 1 year old, and 11 sterilized over the age of 1 year old; 28 are of
normal weight (20 sterilized below the age of 1 year old, 8 sterilized over 1 year old),
and 15 are thin (10 sterilized before the age of 1 year old, and 5 sterilized over the
age of 1 year old). From the 53 cats over 15 years, 21 are obese (16 sterilized below
the age of 1 year old and 5 over 1 year old); 7 are of normal weight (5 sterilized
below the age of 1 year old, 2 over 1 year old), and 25 are thin (17 sterilized below
1 year old, 8 over the age of 1 year old).
Of the 207 neutered females, 36 are 7-9 years old (Group 1), 115 cats are
10-14 years (Group 2), and 56 cats are over 15 (Group 3). Of the 36 cats in Group
1, 12 are obese (7 sterilized before the age of 1 year old, 5 sterilized over the age of
1 year old), and 24 of normal weight (20 sterilized under the age of 1 year old and 4
after the age of 1 year old). From 115 cats in Group 2, 41 are obese (28 sterilized
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before the age of 1 year old and 13 after the age of 1 year old), 51 are of normal
weight (37 sterilized before the age of 1 year old, 14 after the age of 1 year old), and
23 are thin (13 sterilized before the age of 1 year old, 10 sterilized after the age 1
year old). Finally, of the 56 cats in Group 3, 34 are obese (22 sterilized before the
age of 1 year old, 12 sterilized after the age of 1 year old), 2 are of normal weight
(both of them sterilized before the age of 1 year old), and 20 are thin (13 sterilized
before the age of 1 year old, 7 sterilized after the age of 1 year old).
This study found that by the age of 7, obesity is more prevalent in neutered
cats than intact animals, regardless of age at the time of neuter. Studies have shown
that food intake and weight gain significantly increase in the 2-3 months immediately
post-castration, after which they plateau (2, 11). 36.31% of neutered males and
42.02% of neutered females over the age of 7 in this study were obese. Of the 32
intact cats of both sexes in the study population, only two were overweight or obese.
Differences determined by sex are also described in the literature: calorie intake to
maintain body weight decreased in females after spay whereas in males there was
no significant change (2, 11). Energy restriction and prevention of weight gain postneuter are more easily achieved in adult cats than kittens, due to less complex
nutritional requirements once growth has ended. Early neuter kittens (castrated at 45 weeks of age) did not manifest an increased food intake or rate of body weight
gain as compared to cats castrated at 7-8 months of age in one study (11), however,
in another study, cats neutered up to 12 weeks had significantly higher body
condition scores than those neutered at 12-24 weeks of age (19). Owners should be
taught to adjust feeding and monitor body condition in their cats from the first stage
of life (4, 7), irrespective of age at the time of neuter.
The weight and body condition score of senior and geriatric cats is highly
significant in both wellness and sick veterinary consultations. It must be taken into
account that body weight moderately correlates with the percentage of body fat and
that aging cats sometimes lose lean body mass and not adipose tissue (10, 13). In
developed nations, owners and pets often share a similar living environment and
lifestyle, and the obesity epidemic can now be considered a common denominator
for both humans and their pets. Overweight and obesity are defined by the World
Health Organization as ‘abnormal or excessive fat accumulation that presents a risk
to health’ (25) and obesity is now considered ‘the most common multifactorial
nutritional disorder of pet cats’ and ‘the most common form of malnutrition in small
animal practice (12, 17). A cat is considered overweight when it exceeds 10% of the
ideal body weight, and obese, respectively, when 20% greater than ideal (7). In cats,
due to breed and age variation, measurement and diagnosis of excessive weight are
complex (5). A 2019 report published by the North American Veterinary Community
and Banfield Pet Hospital estimated that 1/3 cats in the USA is overweight (23). The
2017 report from the same source described a 169% increase in the number of
overweight cats over the past 10 years (24). In other countries, studies have
identified that between 11.5-63% of cats are overweight or obese (17).
This is similar to the study population, where 36.83% of cats were found to
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be obese (56.33% female and 43.67% male; 1.27% intact females and 98.73%
neutered cats of both sexes). Obese cats represent 20,25% of Group 1 (62.5% male
and 37.5% female), 43.67% of Group 2 (40.58% male and 59.42% female) and
34.81% of Group 3 (38.18% male and 61.82% female). In relation to the moment of
sterilization, 64.55% of obese cats were neutered before one year of age (44.12%
male and 55.88% female) and 35.44% were neutered after the age of 1 year (42.86%
male and 57.14% female). Excessive body weight in cats reduces longevity and
quality of life and is commonly associated with osteoarthritis, diabetes mellitus,
respiratory and heart disease, among other conditions (4, 8, 13, 22).
Veterinary care and proper nutrition are essential to ensure optimal health
and longevity in the pet cat. Nutrient requirements for cats must be respected in
order to ensure a healthy body weight and maintain lean body mass. Of the 429 cats
in this study, 39.63% had an ideal weight: 36.5% of the study population were
neutered cats of normal weight and 3.03% were intact cats of normal weight. Of the
intact cats of normal weight, 53.84% are female, and 46.16% are male. In neutered
cats of normal weight, 49.04% are female, and 50.96% are male, of which 75.8%
(50.42% male and 49.58% female) were sterilized before the age of 1 year old and
24.2% were sterilized after the age of 1 year old (52.63% male and 47.37% female).
Cats of normal weight comprised 18.4% of Group 1 (62.5% male and 37.5% female),
18.88% of Group 2 (35.8% male and 64.2% female) and 2.09% of Group 3 (77.77%
male and 22.23% female). Maintaining an ideal weight in pets can reduce the risk of
metabolic, endocrine, and orthopedic disease (4, 8).
Cats over 12 years of age are more commonly underweight than other age
groups, regardless of appetite (9). Loss of body weight in aging cats is more
significant for this age group and can be an early sign of disease, whereas loss of
lean body mass is associated with increased mortality (10), In this population of 429
cats, 23.54% were considered underweight, of which 53.46% female and 46.54%
male. Of those 23.54% underweight cats, 16.83% are intact (64.70% female and
35.3% male), and 83.17% are neutered (51.19% female and 48.81% male). Of the
83.17% thin neutered cats, 63.09% were neutered before the age of 1 year old
(49.06% female and 50.94% male), and 36.91% were neutered after one year
(63.09% female and 36.91% male). Thin cats comprised 4.95% of Group 1 of age
(40% female and 60% male); 42.57% of Group 2 (60.47% female and 39.53% male),
and 56.48% of Group 3 (49.06% female and 50.94% male).
In this study, 95.5% of thin cats were over 10 years of age (age groups 2
and 3). Cats of all ages have high protein requirements, therefore weight loss
(particularly of lean body mass) may partly be due to insufficient dietary protein (adult
cats require > 5g protein/kilogram to maintain lean body mass) in the otherwise
healthy cat (9). Dietary protein is also essential for cats to avoid loss of lean body
mass when losing weight (8). It must be emphasized that ‘chronologic age does not
always match physiologic age’ (10), thus, each cat should be assessed regularly and
fed according to their individual needs to maintain body weight and muscle mass. A
study on cats in metropolitan Sydney whose body condition score (BCS) was
41

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA

regularly monitored using a 9-point body condition score identified that a maximum
BCS < 5 was negatively associated with both lifespan and survival, as well as a BCS
of 9 (20).
Weight changes are often unrecognized by the owner and disregarded by
the veterinarian, particularly weight gain. Owner perception of body condition varies
across regions and with education. One study observed that owner evaluation of
body condition was enhanced by being shown a visual scale as compared to a verbal
description (13). In a study on cats from the Northeastern United States, owners
estimated 29% of cats were overweight, whereas veterinarians only reported 24%
(15). A 2020 study from Brazil identified that when cat owners disagreed with the
veterinarian about the body condition of the animal, they tend to underestimate the
BCS of their pet (18). This highlights the importance of veterinary staff knowledge
about weight management and the education of the cat owner (4) to ensure both
quality of life and longevity for the pet. Weight should be discussed from the first
veterinary consultations to reduce the incidence of this easily preventable disease,
as both being under- and overweight are associated with increased morbidity and
mortality in cats (20, 21, 22).
Conclusions
60% of the study population of senior and geriatric cats were either
underweight (24%) or overweight (36%), both situations which should be addressed.
Similar to other studies, there was a high prevalence of overweight and obese cats,
probably because most cats were neutered indoor inactive pets predominantly fed
dry food.
In the study population, neutered cats were predominant (92.54%). Obesity
was more prevalent in neutered cats in this study by the age of 7 years, regardless
of age at the time of neuter; of the 32 intact cats in the population, only two were
obese. Current recommendations to neuter before the age of 5 months are highly
advisable, and all owners should be educated on feeding and monitoring their cats
post-neuter. Weight loss through increased activity and dietary intervention is more
easily achieved in younger animals and prevention of weight gain after neutering is
even more salutary, therefore veterinarians should take proactive steps to prevent
nutritional disorders. If weight changes are observed between consecutive visits, the
veterinarian should recommend modifications to the diet, feeding habits, and/or
activity levels, if medical causes are not discovered during the consultation.
Being underweight is more prevalent in cats aged 15 years or older in this
study, irrespective of reproductive status. Weight loss and particularly loss of muscle
mass in senior cats should be investigated as it more often than not is caused by
disease or dietary deficiencies and not aging.
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CLINICAL AND IMAGING ASPECTS IN FRENCH BULLDOGS
WITH THORACIC CONGENITAL VERTEBRAL MALFORMATIONS
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University of Agronomic Sciences and Veterinary Medicine of Bucharest,
Faculty of Veterinary Medicine, 050097, Splaiul Independenței No 105,
Bucharest, Romania
E-mail: nghtudor@yahoo.com
Summary
French Bulldogs are one of the most popular small-dog breeds among pet owners
everywhere, despite their increased risk of developing complex pathologies, especially related
to hereditary diseases. Congenital vertebral malformations are one of the common problems
in this breed, leading to kyphosis and/or scoliosis. Although many dogs with congenital
malformations are asymptomatic, sometimes they may exhibit neurological deficits due to
vertebral instability and spinal stenosis. This study highlights the link between the presence
of congenital vertebral malformations and the clinical signs of medullary lesions in the T3-L3
segment in French bulldogs. The study included 24 dogs aged between 1 and 10 years, both
males and females, who presented with neurological signs at the Clinic of the Faculty of
Veterinary Medicine Bucharest during 2020. For all cases, clinical, neurological and imaging
examination was performed (radiographic and/or MRI) for the T3-L3 segment. The dominant
neurological signs were kyphosis, scoliosis, paraparesis and sensory ataxia. In 23 patients
(95.83%), congenital malformations were detected radiographically in the thoracic vertebrae,
and 14 patients (58.33%) showed angulation of the spine (kyphosis/scoliosis) with different
degrees of severity. MRI examination revealed spinal cord compressions of varying degrees
in the T3-L3 segment, due to misalignment and narrowing of the spinal canal, so the
neurological deficit expressed by the animals enrolled in this study may be associated with
the presence of vertebral abnormalities. MRI examination is the main tool for diagnosing spinal
cord compression in the case of French Bulldog with congenital anomalies.
Keywords: congenital malformation, French bulldogs, imaging exam, T3-L3

Congenital vertebral malformations affect both humans and dogs, and
among breeds, brachycephalic dogs are most affected (3). The cause that leads to
this abnormality is not fully known, but it is suspected that would be the result of
genetic defects, teratogenic insults or abnormal vertebral vascularity (13). These
congenital vertebral malformations are present in various aspects and can affect one
or more vertebrae in the same patient (7), being generally encountered in the
thoracic segment (6, 12), although there have been cases in which the cervical and
lumbar vertebrae have been altered (4, 13). In most cases, lesions are detected
accidentally (3, 13) in patients without clinical signs. However, congenital vertebral
malformations, respectively, hemivertebrae can cause the angulation of the spine in
varying degrees (6), favouring the evolution of intervertebral instability and,
secondary, the development of neurological dysfunctions (2, 17). Additionally, the
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presence of these congenital anomalies increases the incidence of other disorders
of the spine (3).
This study emphasises the link between the presence of congenital vertebral
malformations and clinical signs of spinal cord injuries in the T 3-L3 segment in French
bulldog.
Materials and methods
This retrospective study assessed the presence of congenital vertebral
malformations and angulation of the thoracic spine in correlation with neurological
signs in French bulldogs with gait disorders consulted in the Clinic of the Faculty of
Veterinary Medicine Bucharest during 2020. Using the clinic database, patients who
benefited from a clinical and neurological consultation, and who were subsequently
examined with imaging techniques (radiography and MRI) on the T3-L3 segment
were identified. According to medical records, data on the age and sex of patients,
the reason for presentation, expressed symptoms and the results of clinical,
neurological and imaging examinations were collected. Spinal radiographs (lateral
and ventrodorsal views) were obtained on awake or sedated animals, using a digital
radiographic system (DuraDiagnost F30, Philips, China). For each patient, the
affected vertebral segment was evaluated and the number and type of vertebral
malformation was highlighted (16). A PACS Workstation DICOM viewer (Pixeldata,
Romania) was used to analyse the images and evaluate the degree of angulation of
the spine (kyphosis, scoliosis), in which cases the Cobb angle was automatically
measured. Cobb angle measurement was performed according to the previously
published data (6). MRI examination was performed on animals under general
anaesthesia, and MR T1-SE and T2-FSE images were acquired using a 0.25-T
magnet (Vet_MR Grande ESAOTE, Italy).
Results and discussions
The study enrolled 24 dogs with locomotors deficiency belonging to French
Bulldog breed, 17 males and 7 females, aged between 1 year and 10 years (with an
average age of 4 years and 3 months). The clinical signs were mainly related to the
general reluctance to walk associated with spinal pain, and the dominant
neurological signs were kyphosis, scoliosis, paraparesis and sensory ataxia.
Following imaging examination, congenital vertebral malformations were
diagnosed in 23 patients (95.83%) and they were represented by ventral vertebral
body hypoplasia (ventral wedge-shape) (Fig. 1) in 16 patients (16/23; 69.56%),
butterfly vertebra (ventral and median aplasia) (Fig. 2) in 9 patients (9/23; 39.13%),
ventral vertebral aplasia in 4 patients (4/23; 17.39%) (Fig. 3), lateral hypoplasia
(lateral wedge-shape) in 4 patients (4/23; 17.39%), fusion of spinous process in 6
patients (6/23; 26.08%) (Fig. 3), symmetrical hypoplasia of the vertebral body (or
“short” vertebra) in 3 patients (3/23; 13.04%), hypoplasia/hypertrophy of the spinous
process in 2 patients (2/23; 8.69%). Additionally, in the thoracic segment, other
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anomalies like spondylosis deformans of different degrees were observed in 8
patients (8/23; 34.78%) and kissing lesions in 4 patients (4/23; 17.39%), as well as
disc mineralisation in 2 patients (2/23; 8.69%). Congenital vertebral malformations
affected one (4/23; 17.39%) or more thoracic vertebrae (19/23; 82.61%) in the same
patient (Fig. 4).

Fig. 1. Lateral view of the thoracal vertebral column of a 9-year-old female
French bulldog with ventral hypoplasia of T7 vertebral body (ventral wedge shape
vertebra)

Fig. 2. Ventro-dorsal view of the thoracal vertebral column of a 4-year-old male
French bulldog with ventral and median aplasia of the vertebral bodies (butterfly
vertebrae) (arrows)
47

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA

Fig. 3. Lateral view of the thoracal vertebral column of a 3-year-old male French
bulldog with ventral aplasia of T 9 vertebral body and secondary kyphosis; the
fusion of spinous processes to T 8-T9 is also observed

17.39%

17.39%

8.69%
21.74%
26.08%
8.69%

1 vertebra

2 vertebrae

3 ver

4 vertebre

5 vertebre

>6 vertebre

Fig. 4. Distribution of the number of affected thoracic vertebrae in studied
patients
The most affected vertebra was T7 (in 19 patients / 23; 82.61%), followed by
T9 (in 16 patients; 69.56%), T8 (in 14 patients; 60.87%), T5 (in 11 patients; 47.82%),
T10 (in 9 patients; 39.13%), T6 and T11 (in 7 patients; 30.43% for each), T 12 (in 4
patients; 17.39%), T4 and T13 (in 3 patients each; 13.04% for each) and T 3 (in 2
patients; 8.69%).
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Out of the total number of evaluated dogs, 14 (58.33%) showed kyphosis,
with a Cobb angle with values between 12 and 68 degrees (with an average of 34.64
degrees), and in 3 patients (8.33%) scoliosis was also observed, with values
between 19 and 36 degrees (with an average of 28.33 degrees). Kyphosis was most
reported in the T7-T9 segment (4 patients; 17.39%), followed by T10- L1, T11-T13 and
T12-L2 segments (3 patients each; 13.04%), while scoliosis was observed in the T9T13 segment. The images obtained by MRI showed changes in the continuity of the
signal in the meninges in the segments in which congenital vertebral malformations
were present (Fig. 5), but especially adjacent to them, possibly due to poor alignment
of the modified vertebrae and intervertebral instability.

Fig. 5. Magnetic resonace imaging of a 5 years old French bulldog with multiple
congenital vertebral malformation
a) sagittal T2 FSE sequence at the toraco-lombar spine level, where the interruption of the
hyperintense T2 signal from the meniges in the ventral part of the vertebral canal can be
observed; b) transerval T1 SE sequence at the level of the T6 vertebral body, a mild
narrowing of the vertebral canal located right dorso-lateral can be observed; c) transverse
T1 SE sequence and respectively and d) T2 transversal FSE at the level of the T12 vertebral
body, a moderate narrowing of the vertebral canal can be observed right lateral medullary
compressive effect
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Generally, congenital vertebral malformations are a common condition in
brachycephalic breeds worldwide, including in French Bulldog, and our results are
in accordance with previous studies, which also reported a high prevalence of these
diseases, respectively 64%-85% (1) or even 93.5% (14). Although it is recognised
that this breed has many medical problems, its popularity has increased significantly
in recent times (1, 12).
Changes in the shape of the vertebrae generate curvature of different
degrees of the spine that can be accompanied by stenosis of the spine, vertebral
instability and neurological signs with different intensities (7, 11, 13). Hemivertebra
was the main change in this study, which is consistent with previous studies (2, 14,
15), and according to the classification previously proposed by Gutierres-Quintana
et al. (7), ventral wedge-shape subtype predominated (69.56%), followed by ventral
and median aplasia subtype (39.13%), ventral aplasia and lateral wedge-shape
subtypes (17.39% each), respectively symmetrical vertebral body hypoplasia (or
“short” vertebra) (13.04%).
Usually, in brachycephalic breeds, the thoracic vertebral segment is most
frequently affected by congenital vertebral malformations (11), and our results
showed that the T7-T9 segment was most affected and especially the T 7 vertebra,
which is similar to the previously published reports (2, 5). Also, this segment was the
area where the angulation of the spine was most frequently observed, registering a
higher value of the Cobb angle, probably caused by the subtype ventral aplasia
which was frequently associated with the presence of neurological signs (2).
Recently, it has been shown that spinal kyphosis with a Cobb angle greater than 35
degrees increases the occurrence of neurological dysfunction (6). Additionally,
previous studies have suggested that the presence of hemivertebrae, under different
subtypes, but especially those that cause kyphosis, leads to altered biomechanics
of the spine (17), and the development of neurological signs may be correlated with
the severity of the degree of kyphosis produced by the presence of congenital
vertebral malformations (6).
Brachycephalic patient screening implies an early evaluation of each dog, at
the age of 6 months, regardless of the presence or absence of neurological signs,
as vertebral alterations may be present from birth, even if the clinical manifestations,
mainly caused by intervertebral instability, occurs later (13). Often, congenital
vertebral malformations are accidentally diagnosed, as they are not accompanied by
clinical signs. However, there are situations in which they can cause spinal cord
dysfunction and consequently the clinical signs are compatible with myelopathy
located in the T3-L3 segments of the spinal cord (9). In our study, the most common
neurological signs observed were kyphosis/scoliosis as a posture modification of the
thoracic spine; an abnormal gait, with hyperextension on the hind limbs (paraparesis)
and sensory ataxia; delayed or absent proprioception in various proprioceptive tests
on the pelvic limbs depending on the degree of spinal lesion. Sagittal and transverse
MRI images confirmed vertebral abnormalities, but especially showed compression
on the spinal cord, commonly produced by vertebral subluxation, vertebral instability
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and spinal canal stenosis (3, 17). Additionally, in some cases, different degrees of
dehydration of the nucleus pulposus were observed, as well as intervertebral disc
extrusions, but most often located at a distance from the segment of the kyphosis,
while on radiographic images were also observed signs of spondylosis deformans,
1 and 2 degrees (10), probably associated with vertebral instability caused by the
increased prevalence of congenital vertebral malformations. Recent studies have
suggested that biomechanical changes in the spine may be associated with
secondary degenerative disorders but especially in the thoracolumbar segment (8).
Conclusions
In order to establish a correct diagnosis, a complete clinical, neurological
and imaging evaluation is necessary, in order to determine a correlation between the
presence of congenital vertebral malformations, the degree of angulation of the spine
and the neurological symptomatology expressed by the patient. Although the
radiographic examination offers the possibility of identifying hemivertebrae or other
congenital vertebral abnormalities, it cannot provide details on possible lesions in
the spinal cord. Instead, MRI is the method by which the degree and location of
spinal cord compression can be established, as well as identification of potential
spinal cord alterations (3). Future studies are needed to assess the real prevalence
of congenital vertebral malformations in French bulldog population registered in our
country and also in other brachycephalic breeds, and their impact on the degree of
spinal angulation and vertebral instability.
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of Romania” from Timișoara, Faculty of Veterinary Medicine, 300645,
Calea Aradului No. 119, Timișoara, Romania
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Summary
Subclinical mastitis in bovine represents a very costly and a hard to identify disorder. Most
frequently the somatic cell count (SCC) is used to differentiate clinical and subclinical mastitis,
but without other milk quality indicators it may not be used to establish a proper diagnosis.
Flow cytometry represents a reliable alternative for generating data which can be helpful in
the evaluation of udder health. We analysed a total number of 60 milk samples (48 from
individual cows and 12 representing some individuals reassessed after two month). From the
leukocyte population examined, we found elevated number of neutrophils, from 18% in
healthy cows to 40% or even 80% in cows with SCC greater than 1,000,000 cells/ml.
Lymphocytes, representing 92% in healthy cows, decreased to 50% in cows with mastitis. In
12 cows, we additionally used blood samples for leucocyte phenotyping (with anti-CD14 and
anti-CD11b antibodies, analysed similarly to milk samples). There was no statistically
significant correlation between leukocytes populations in milk and blood. The SCC value was
not correlated with the percentage of lymphocytes or polymorphonuclear cell frequency. We
conclude that the immune status, as established through the blood profile analysis, is not
relevant in the assessment of udder health. However, a larger number of samples would need
to be further investigated to fully support this statement.
Keywords: bovine mastitis, SCC, flow cytometry

Subclinical mastitis is an expensive and a difficult to diagnose condition (1,
6, 7, 15). Along with somatic cell count (SCC) and bacteriological examination,
differential inflammatory cell count (DICC) can be a useful technique in detecting
mastitis (9, 11, 12, 14).
The use of flow cytometry allows for the rapid identification of the stage of
inflammation even in the mammary quarters characterised by a low SCC (10).
In 2015, Blagitz et al. (2) using flow cytometry, demonstrated the influence
of infection on breast quarters by looking at the percentage of B cells and on the
expression of milk neutrophil-fixing molecules in unaffected neighbouring quarters.
Flow cytometry is a routine method for SCC analysis as well as for identifying
leukocytes in cow's milk. The expression of CD11b, an immunological marker of the
degree of cell activation, can also be quantified by FC. Conventional FC analysis
allows the investigation of individual milk samples in order to characterise the
immunological parameters as potential indicators of the udder health.
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At the same time, the combination of data generated by milk leukocytes with
the parameters recorded at the farm level can be useful in assessing the health of
the udder at the herd level. In addition to the use of FC in the determination of SCC,
in recent years, the characterisation of the relative proportion of lymphocytes,
macrophages and polymorphonuclear leukocytes (PMN), constituting the differential
cell count (DCC), has begun to be used. The combination of DSCC (differential
somatic cell count) with SCC may increase the accuracy of mastitis monitoring (3,
4)., While using the FC in the analysis of milk samples from healthy breast quarters
(with the SCC level below 100,000 cells/ml), Schwarz et al. (2011) identified the
presence of inflammatory reactions based on the number of DCC.
The objective of this study was to compare FC data with haematological
parameters to identify a point of convergence between the two variables that allows
the establishment of differential diagnoses, reported at the SCC level.
Materials and methods
Isolation of somatic cells from milk samples was done by cold centrifugation
within a maximum of 4 hours after harvest. Milk fat was removed from the samples
by 3 washes, centrifugation at 400 x g for 10 min, followed by the removal of the
supernatant and resuspension in PBS by own patented technique (5). The final
solution, obtained by resuspending the sediment in 500 μl of PBS, was filtered
through a 40 μM pore membrane to obtain a unicellular suspension, required for cell
labelling using flow cytometry.
Immunophenotyping of leukocyte populations was performed by labelling
with bovine cell-specific monoclonal primary antibodies, anti-CD14 murine IgG1
isotype, and anti-CD11b murine IgG2b isotype (BioRad), according to the
manufacturer's instructions (1mg/mL antibody stock solutions were diluted 1/10 to
create working solutions resulting in a concentration of 2.5 ug / mL antibody per
sample. To visualize the binding of antibodies to cells, fluorochrome-conjugated
secondary polyclonal antibodies (BD) were used specific to the isotype of each
primary antibody: murine conjugated anti-IgG1 APC antibody that binds to anti-CD14
antibody and murine conjugated anti-IgG2b FITC antibody that binds to anti-CD11b
antibody. The concentration of secondary antibodies used for labelling was 2-5 ug /
mL per sample.
The acquisition of the samples was done with the help of the flow cytometer,
and the analysis of the cytometry data was performed with the help of the FloJo 10
(BD) program, according to the gating strategy presented in Fig.1.
In total, 60 milk samples were analysed by Beckman Coulter Gallios® flow
cytometer to identify leukocyte populations, of which, 48 samples were from
individual animals and 12 were measurements repeated at 2-month intervals in
samples collected from the same animal.
Gating strategy for the identification of leukocytes in milk samples is show in
figure 1. From all somatic cells selected, based on the size and granularity
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characteristics in the forward scatter (FSC) vs. side scatter (SSC - A),
polymorphonuclear neutrophils (PMN) were identified as CD11b+ cells, doublepositive (Macro) CD14+ CD11b+ macrophages, and lymphocytes (Ly -B).

Fig. 1. Gating strategy for the identification of leukocytes in milk samples
Results and discussions
The summary of the differential analysis of leukocyte populations is
presented in Table 1, and the data for each animal separately, for each cytometric
collection and event analysis in Tables 2-4.
Table 1
Value and variability of SCC and the proportion of leukocyte cell
populations (DCC) from milk samples analysed by flow cytometry (n = 60)
Statistical
parameter
Average
SD
Min
Max

SCC
(x1000 cells/mL)
380.5
706.7
28
4424

55

Ly
63.8
26.2
2.9
94.7

DCC (%)
Macro
7.6
5.6
1.4
31

PMN
25.7
23.7
2.2
87.6
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Table 2
Results of differential flow cytometry analysis for lot 1 (1.07.2020)
Animal ID
0047
7200
7206
0048
3925
9696
0075
7724
8034
9242
6196
9630
8457
7225
7880
7881
9022
0049
0048
0073
5825
9000
9699
0907
0804
9246
7872
1070
9244
1064
0908
1407
0802
9241
8696
9400

SCC (/ul)
175
356
35
109
1538
76
125
873
64
111
223
47
53
42
36
64
57
129
28
48
36
134
189
39
272
214
101
88
137
82
63
197
370
31
75
116

Ly (%)
77.8
87.9
86.9
61.8
37.4
84.9
88.1
38.8
92.7
89.7
91.7
72.9
88.6
80.1
92.9
75.8
66.8
57.2
92.4
76.8
92.9
94.7
78.1
76.9
87.8
61.9
66.3
86.2
48.7
90.7
91.6
88.8
38.2
83
82.6
32.5

Macro (%)
9.6
6.69
4.85
31
11.9
2.58
4.72
8.15
1.58
3.55
1.38
5.11
5.86
7.48
2.06
12.7
10.1
6.37
1.89
7.08
3.35
1.72
2.67
6.29
4.23
8.69
10.4
1.82
12.3
4.44
3.04
6.19
7.97
10.9
6.03
7.33

PMN (%)
8.6
3.67
6.36
2.5
47.5
11.1
4.86
48.7
3.45
4.9
5.6
18.9
4.3
10.6
2.96
8.21
20.7
33.2
5.15
14.2
2.72
2.77
17.9
14.5
7.29
27.4
19.4
9.2
34.3
3.26
3.88
2.9
52
3.4
6.8
58.6

In the 60 milk samples analysed (Table 1), the proportion of lymphocytes
varied between 2.9 and 94.7%, with an average of 63.8% and a standard deviation
of 26.2%. The macrophages varied between 1.4 and 31%, with an average of 7.6%
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and standard deviation of 5.6%, and the polymorphonuclear neutrophils ranged from
2.2 to 87.6%, with an average of 25.7% and a standard deviation of 23.7%.
Table 3
Results of differential cytometry analysis for lot 2 (7.07.2020)
ID
8817
6662
6032
5062
4075
3559
3480
3381
2616
392
0001
0002

SCC (/ul)
355
180
1364
53
115
854
529
117
154
4424
2795
138

Ly (%)
13.8
8.4
5.56
53.3
57.7
10.6
14.5
42.8
55.5
2.9
23.2
61.5

Macro (%)
4.52
16.3
5.14
5
5.92
9.79
13.2
29.4
3.94
10.1
16.6
5.36

PMN (%)
80.1
70.1
87.6
38.6
30.2
77.8
69.5
18.6
34.1
80.6
56.4
28

Table 4
Results of differential cytometry analysis for lot 3 (4.09.2020)
ID
8817
6662
6032
5062
4075
3559
3480
3381
2616
392
0001
0002

SCC (/ul)
143
105
471
255
388
470
588
232
411
258
664
1436

Ly (%)
52.7
39.5
49.8
84
52.3
64.9
41.9
81
76.1
53.5
88.4
53.3

Macro (%)
7.62
7.85
8.34
3.55
13.4
2.72
9.34
5.62
4.46
10.3
4.52
10.1

PMN (%)
33
50.6
39.3
11
30.8
28.9
46.1
11.3
17.7
33.8
2.22
33.8

Due to high variation within the percentages in each leukocyte population,
we statistically tested the correlation between differential counts for each leukocyte
population and the somatic cell count obtained from the same samples, using De
Laval Cell counter equipment. Statistical analysis indicated a significant negative
correlation between the percentage of lymphocytes and SCC in the samples (r = 0.550 at p < 0.000), while the percentage of polymorphonuclear cells followed an
opposite trend of positive correlation with SCC (r = +0.546 at p < 0.000 see also
Fig.2). We did not find a correlation between the percentage of macrophages and
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SCC (r = +0.189 at p = 0.148). The lymphocytes were negatively correlated with
macrophages (r = -0.459 at p < 0.000), and polymorphonuclear cells (r = -0.969 at p
< 0.000). Most likely due to the low number of samples, statistically significant
correlation between polymorphonuclear cells and macrophages was not reached (r
= +0.234 at p <= 0.076).
The regression analysis between the differential lymphocyte count with
polymorphonuclear neutrophils and with somatic cell count was performed (Fig. 2)
but the R square remained at lower values (R2=0.303 and respectively R2 = 0.298).

B

100

Y = 0.01829*X + 18.74

100
Y = -0.02036*X + 71.57
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1000
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SCC (x1000 cells /mL)

Fig. 2. Regressions between the differential lymphocyte count with
polymorphonuclear neutrophils from milk samples (PMN; A) and with somatic
cell count (SCC; B), respectively, presented together with the calculated linear
regression
In the comparison of normal and samples considered pathological (with
SCC> 200,000 cells / mL) the value of polymorphonuclear neutrophils increased
significantly (17.37±2.79 to 39.09± 5.62 with t = 3.129 and p < 0.004) and the value
of lymphocytes decreased (72.16±3.34 to 50.41± 6.09 with t = - 3.832 and p < 0.000).
No significant variations were found in macrophages (7.42±1.07 to 8.85± 0.79 with t
= - 0.295 and p = 0.769). In samples considered pathological, with SCC> 200,000
cells / mL, neutrophils increased from an average value of 18% in healthy samples
to an average value of 40%, reaching the value of over 80% for some of the samples
with SCC> 1,000 000 cells / mL.
Lymphocytes were the major population in over 92% of samples considered
non-pathological collected from healthy mammary glands, with their average
frequency of 72%, but lymphocyte decrease to the value below 50% was observed
in pathological samples. Next, we statistically analysed whether the immunological
profile differs significantly between groups of animals established on the basis of
SCC values, to identify a cut-off point between a healthy and a sick animal. When
the cut-off limit was 100 000 cells/mL and the cut-off value was 200 000 cells/mL,
there was a significant difference between the frequency of lymphocytes and the
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frequency of PMN cells in the 2 groups, but not for macrophages (Fig. 3, A and B).
When we classified the samples into 3 groups, SCC <100 000 cells/mL, SCC
between 100-200 000 cells/mL and SCC> 200 000 cells/mL, we did not obtain
significant differences between the groups.
For the better classification of healthy animals and the establishment of a
prognostic marker of health, we acknowledge that more samples are needed,
especially with a smaller SCC count value since in this case a flow cytometric
analysis is a lot more challenging due to the small number of cells. However, in 2008,
Koess and Hamann (10) showed that it is possible to identify the stage of the
inflammatory process even in the breast quarters with low SCC.
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Fig. 3. Comparison between differential leukocyte counts with samples divided
into 2 (A, B) or 3 groups (C) depending on the SCC values. Values for each
population and group are represented as mean and S.E.M. **** p <0.0001; ** p <
0.01; ns P> 0.05
For a group of 12 animals, we performed differential assessment by SCC
and flow cytometry at an interval of two months, with classifying them into two
groups, depending on the trend of SCC changes: (I) in which SCC increased n = 6;
(II) in which SCC decreased, n = 6. The SCC between July and September was
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923.16±319.75 vs. 451.75±102.21 (t = 1.115 at p = 0.274), the lymphocyte count
was 29.15±6.64 vs. 61.45±4.87 (t = -5.075 at p < 0.000), the macrophage was
10.43±2.16 vs. 7.32±0.92 (t = 1.243 at p = 0.240) and the neutrophil was 55.96±7.10
vs. 28.21±4.26 (t = 4.570 at p < 0.001) (Fig. 4A).
In the group where we registered a positive evolution of the SCC, statistically
significant changes between the lymphocyte and neutrophil frequency values were
observed (Fig.4B).

Fig. 4. Time evolution of SCC and DCC parameters in 12 animals, from which
milk samples were collected at an interval of 2 months. A. SCC Modification. B.
Change in leukocyte frequency in the group of animals that had a positive
change in SCC
For a group of 12 animals, in addition to the milk samples collected, we also
obtained peripheral blood samples (in EDTA), for which leukocyte
immunophenotyping with anti-CD14 and anti-CD11b antibodies was performed,
similarly to the protocol applied for the milk samples. In addition, we introduced an
erythrocyte lysis step, to avoid their interference with the cytometric analysis due to
the large number of elements.
The analysis and identification of leukocytes was performed according to the
gating strategy (Fig. 1). Gating strategy for the identification of leukocytes in
peripheral blood samples. From all somatic cells selected based on the size and
granularity characteristics in the FSC vs. SSC (A), polymorphonuclear neutrophils
(PMN) were identified as CD11b + cells, double-positive (Macro) CD14 + CD11b +
macrophages, and lymphocytes (Ly) (B).
In 2015, Blagitz et al. (2) showed that the expression of CD11b, CD62L and
CD44 adhesion molecules in milk neutrophils differed between healthy and affected
breast quarters. In our analysis, the statistical analysis did not indicate a correlation
between the frequency of leukocyte populations in peripheral blood and their
frequency in milk samples. Additionally, we have not observed correlation between
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the SCC value and the lymphocyte frequency or the PMN frequency. Based on these
results, we can conclude that the immune status determined at the level of blood
samples is not relevant for the health status of the animal. However, due to the small
number of samples characterised (n = 12), further investigation is necessary before
the final conclusion can be reached.
Conclusions
In milk samples, the study indicated a significant negative correlation
between the percentage of lymphocytes and SCC, while the percentage of
polymorphonuclear cells followed an opposite trend of positive correlation with SCC.
The study did not find a correlation between the percentage of macrophages
and SCC.
The lymphocytes were negatively correlated with macrophages and
polymorphonuclear cells.
The immune status, as established through the blood profile analysis, is not
relevant in the assessment of udder health by flow cytometry.
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Summary
Oligodendrogliomas are one of the most common primary tumours of the nervous system in
dogs, accounting for up to 15%. These are tumours that tend to be relatively well delimited
from the nervous substance, but they can also be discreetly infiltrative. We examined the
cadavers of two dogs that had manifested clinical symptoms such as epilepsy.Imagistic exams
suggested the presence of a mass in various part of the brain in both cases (thalamus, the
base of the cerebral hemispheres). The patients were a Yorkshire male of 12 years and a
French Bulldog female of 8 years. Both tumoral masses were well delimited, with a grey
colour, low, almost gelatinous consistency. Histopathological examination revealed that both
neoplasms were oligodendrogliomas with cells that manifested homogenous cytological
features, an arrangement in cords or sometimes clusters. Perinuclear halos imprinted a
honeycomb appearance that characterized some areas.
Keywords: oligodendroglioma, dog, brain

Intracranial tumours account for 2-5% of all neoplasms in dogs (12). The
oligodendroglioma is a type of glioma where the tumoral cells are very similar to
oligodendrocytes. It is commonly seen in dogs (up to 15% of all nervous tissue
tumours), especially in brachycephalic breeds, and rarely in other species of animals,
although there was a recent report of such a tumour in a sheep (4, 6, 11, 12).
Some tumours have a rapid growth rate, but even so, the macroscopical
aspect makes for easy identification. The formations are usually large, greyish, very
soft, gelatinous, mucoid or sometimes even fluctuant (1, 3, 11, 15).
Histologically, the neoplasms are abundant in cells and have little stroma.
The cells are arranged in sheets, have homogenous cytological characteristics with
a common perinuclear halo effect that gives a general honeycomb pattern (11).
Grading is done based on nuclear atypia and mitotic index, but may also
include the number of necrotic foci and the intensity of the micro vascularization (9,
11). Generally, it is considered that the more cellular polymorphism and necrotic
areas are present the more malignant the tumour is (10).
Dogs are considered to be the only mammalian species, other than humans,
that frequently develop primary brain tumors in a naturally occurring manner (12).
The foreign literature is presently focusing on validating the canine glioma as a model
for the study of the same tumour in humans making every piece of knowledge
regarding this subject important (9).
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Materials and methods
We examined the cadavers of two dogs, a Yorkshire male of 12 years and a
French Bulldog female of 8 years that had manifested clinical symptoms
corresponding to epileptic seizures. CT images suggested the presence of a mass
occupying the base of the left cerebral hemisphere, adjacent to the hypophysis in
one patient and the right cerebral hemisphere in the other.
Both patients received symptomatic, anticonvulsant, treatment for several
months with no result before euthanasia was considered an option. The procedure
was performed using the following protocol: atropine IM injection (0.044 mg/kg),
xylazine IM injection 15 minutes after (1.1 mg/kg), ketamine IM injection 5 minutes
after (22 mg/kg) and T-61 solution slowly administered intravenously (0.3-0.5 ml/kg).
The histopathological examination was done on slides obtained through
fixation of the tissue fragments in 10% formaldehyde solution, paraffin embedding,
5 µm sectioning and Masson trichrome staining.
All the slides were examined using a Leica DM750 optical microscope with
an embedded camera.
Results and discussions
Oligodendrogliomas are mostly seen in dogs older than 6 years (up to 70%)
and rarely in dogs under 3 years of age (8). Also, the literature is consistent in
considering that oligodendrogliomas are the third most common brain tumours in
dogs, after meningiomas and astrocytomas (8, 11). Our patients were both within
the targeted age group and also brachycephalic.
The symptoms associated with this condition may vary depending on the
location of the neoplasm but generally consist of loss of proprioception, abnormal
behaviour, impaired vision, epileptic seizures (8). The cases that we analyzed were
first presented for a consult with epileptic seizures and convulsions that did not
respond to symptomatic treatment.
The few treatment options mentioned by the literature that showed results
(survival time of up to two and a half years) involved mainly the use of megavoltage
radiation therapy which unfortunately was not available for these patients (7). The
humane ending was chosen, following the procedure described above.
On necropsy, both patients presented with a non-encapsulated, greyish,
gelatinous, almost fluctuant mass with hemorrhagic areas, located at the base of the
cerebral hemispheres, infiltrating the thalamus and the surrounding structures (Fig.
1, 2). The peripheral nervous tissue showed signs of compression and the ventricles
of the less affected hemisphere were dilated due to the accumulation of
cerebrospinal fluid.
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Fig. 1. Sections of the cerebral hemispheres showing a large, reddish-grey mass
infiltrating almost half of the brain (dog)

Fig. 2. Oligodendroglioma and compression atrophy following the stagnation of
the cerebrospinal fluid inside the ventricles
The lateral ventricle of the affected hemisphere was completely obliterated
by the tumoral development and most likely this was also the cause for the
accumulation and stagnation of the cerebrospinal fluid. Similar cases, but with a less
developed tumour inside a lateral ventricle were reported by Rissi (15) as a
diagnostic curiosity because could it have easily been considered an intraventricular
neoplasia (8) and by Oszoy (14) as part of a study that included 13 cases of
intracranial tumours in dogs (14).
Hydrocephalus following tumoral extension through the cerebrospinal
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pathway has also been mentioned in other studies (13).
Histologically, in both cases, the main population of cells were polygonal,
with small, round, heterochromatic nuclei and a perinuclear space (Fig. 3, 4). The
”honeycomb” appearance or ”fried egg” texture, mentioned by the literature, was
evident (3, 5).

Fig. 3. Oligodendroglioma. Case 1. Cords and sheets of cells resembling
oligodendrocytes. Masson trichrome stain

Fig. 4. Oligodendroglioma. Case 2. Cords of tumoral cells with a general
appearance of a honeycomb due to the perinuclear halo. Masson trichrome stain
The histological aspect of the two tumours differed slightly, meaning that the
first one was more compact and the cells were distributed in sheets, whilst the
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second one had a more loose cellular pattern and was also more infiltrative into the
adjacent nervous tissue (Fig. 4).
However, the structure of the tumour removed from Case 2 also had another
population of larger cells, with large, round, eccentrically placed nuclei and evident
nucleolus (Fig. 5) very similar to what some authors consider to be a neuronal or
neurocytic differentiation (2).
The vascularization of this formation was more abundant than that from
Case 1 and displayed both the ”chicken wire” type capillaries and the glomeruloid
structures (Fig. 5). These characteristics are also consistent with what other authors
found in some oligodendrogliomas and constitutes an indicative for a high-grade
neoplasm (5).

Fig. 5. Oligodendroglioma with neurolytic differentiation. Islands of cells with
abundant cytoplasm, around, excentric nucleus and prominent nucleolus along
with vascular proliferation with a tendency towards glomeruloid type. Masson
trichrome stain
Another aspect that is characteristic of a rapidly growing tumour is the
presence of multiple necrotic foci (Fig. 6), indicating that the neoangiogenesis cannot
keep up with the rhythm of cellular multiplication (6, 11).
For Case 1 the mitotic index was about 15 mitotic figures per 10 HPF, and
for Case 2 above 9-10 mitotic figures per 10 HPF (high power fields), some fields
displaying 3-5 mitotic figures at once (Fig. 7).
The gelatinous consistency of oligodendrogliomas was caused by the
presence of necrotic areas, the general oedema of the nervous tissue and the high
level of mucin production (5, 12), mucus-filled spaces being present in some areas
of the tumours.
Besides the two different types of cells observed in the tumour from Case 2,
the predominant cellular population of both formations also displayed various
67

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA

degrees of anisokaryosis and anisonucleoliosis.
All the described characteristics (constant cellular population, honeycomb
appearance, micro vascularization, high mitotic index, necrotic areas) are consistent
with a diagnosis of grade II (Case 1) and grade III (Case 2) oligodendroglioma.

Fig. 6. Multiple necrotic foci were observed within the structure of the tumour
originating from Case 1. Masson trichrome stain

Fig. 7. Mitotic figures were observed in both cases (mitotic index above 9 for
Case 1 and above 20 in Case 2). Masson trichrome stain
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Conclusions
This study presented two cases of dogs with oligodendrogliomas affecting
the lateral ventricles, the thalamus and the base of the cerebral hemispheres, that
showed a tendency towards rapid growth and various degrees of invasiveness.
These types of tumours can be easily diagnosed through histopathological
examination.
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Summary
In order to highlight the seroprevalence of Salmonella spp. infection in the western Romania,
277 serum samples from 3 categories of pigs (45-90 days, 91-140 days, 141-180 days) were
subjected to ELISA technique. All samples were collected from 8 pig farms located in 3
counties: Arad, Timiș and Caraș-Severin. The results showed the presence of infection in all
studied farms, with a seroprevalence value between 18.5 and 100%.The average value of
seropositivity varied from one age category to another, following an ascending trajectory with
a minimum value at the age of 45-90 days (41.6%) and a maximum value at the age category
of 91-180 days.
Keywords: salmonella, weaned pigs, enteritis, diarrhea

Salmonella genus represents one of the most common foodborne
pathogens frequently isolated from food-producing animals that is responsible for
infections in humans and different animal species. Some Salmonella serovars are
restricted to one specific (host-restricted serovars), whereas others have broad host
spectrum (host-adapted serovars). For example S. typhy is adapted to humans, S.
choleraesuis is restricted to pigs, while S. typhimurium and S. dublin are two of the
serovars known which can infect any vertebrate (2, 3, 19).
As previously mentioned, S. choleraesuis is a serotype adapted to swine,
which causes the appearance of the systemic disease, with an increased percentage
of mortality and low morbidity in young swine, but not in adults. Experimentally it has
been shown that S. typhimurium infections cause the appearance of enteric
syndromes, while S. dublin does not trigger any symptoms. Infection with other
serovars are responsible by the appearance of the asymptomatic carriers, whose
epidemiological role in the transmission of infection on the farm is well known.
Moreover, such animals can develop serious enteritis when they are subjected to
stress (1, 2, 3). If in the past, antibiotics were used in pig feed to prevent the
appearance of enteric syndromes, this practice should be abandoned due to the
appearance of strains with multiple antibiotic resistance (14), so the evolution of the
disease causes increased economic damage. Of course, also other causal agents
involved in the etiology of enteric syndromes are responsible for the economic losses
into farms (13), but salmonellosis is of particular importance due to the fact that it is
a zoonosis.
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The impact of salmonella on public health, for which swine are asymptomatic
carriers, cannot be ignored. Salmonellosis is the second most commonly reported
gastrointestinal infection in humans after campylobacteriosis (4, 5, 6, 7). From the
total number of foodborne illness caused by salmonella, between 14%-22% are
caused by the consumption of pork preparations (7, 8).
Under these conditions, due to the zoonotic impact, it have been
implemented control programs, applied both at farm level and in slaughterhouses,
programs that vary from one country to another (4, 5, 6). Currently, at the farm level,
control programs consist of bacteriological or serological examinations, or a
combination of these two diagnostic methods.
Materials and methods
To determinate the antibodies against Salmonella spp., 277 blood samples
from pigs aged between 45 and 180 days were collected by venipuncture method
(auricular or jugular vein puncture).
All samples were collected from 8 pig farms located in 3 counties in western
Romania: Arad (2 farms), Timiș (5 farms) and Caraș-Severin (1 farm). The sanitaryveterinary records of these farms shows that there have been frequent clinical cases
of diarrhea, associated with enteritis lesions.
The samples were marked according to their origin, as is followed:
 the samples from Arad farms were marked with the A1 and A2,
 the samples from Timiș farms were marked with T1, T2, T3, T4, T5,
 the samples from Caraș-Severin farm were marked with C1.
Within each farm, the samples were grouped according to the age category
of the pigs, in three categories:
 the group of 45-90 days pigs ,
 the group of 91-140 days pigs
 the group of 141-180 days pigs.
The serum samples were processed by ELISA technique, using the Idexx
Swine Salmonella Ab Test kit, capable of detecting antibodies from serum, plasma
or meat juice. The samples were read with the TECAN Sunrise reader (MagellanAustria) (measurement and reading of the absorption values was performed at 650
nm), and the Xcheck Software v.3.3 program was used to interpret the results.
(IDEXX Laboratories Switzerland).
For interpretation of results, the cut-off values applied consisted of:
 Samples with OD values less than 10% were considered negative.
 Samples with OD values equal or greater than 10% were considered positive
(20).
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Results and discussions
The present research allowed the identification of Salmonella spp. infection
in all studied farms, belonging to the Timiș, Arad and Caraș-Severin Counties.
Seroprevalence had different values for each farm, ranging from 18.5 to 100%.
As can be seen in the Fig. 1, for the farms located in Arad County, the values
of seroprevalence was 18.5% for farm A1 and 53.8% for farm A2. For three farms
from Timiș County, of the 5 studied, the seroprevalence values were less than 50%.
These correspond to farms T1, T4 and T5. For farms T2 and T3, the seroprevalence
values were more than 70%, reaching to 100% for farm T3. Seroprevalence values
were also increased for the Caraș-Severin farm, where 91.7% of pigs had antibodies
against Salmonella spp.

Fig. 1. Seroprevalence of Salmonella spp. infections, for each studied farm
Similar results have been published by other authors (9, 11, 15, 16, 17).
Thus, in a study involving 19 pig farms in Alberta - Canada, Salmonella infection was
recorded in all studied farms; with values ranging from 13.2 to 83.3% (15). In
Catalonia - Spain, only 66% of the studied farms were positive to Salmonella
infection; into infected farms seroprevalence varied from 26% to 50% (11). In
northeastern Spain, more than 70% of the 217 studied farms, were positive for
infection, with an average seroprevalence of 19.7% (18). In the Czech Republic, only
8.7% of 680 examined serum samples were positive for Salmonella infection (14).
Analyzing by farms and age categories of pigs (Fig. 2), in Arad County, for
the category of 45-90 days, the seroprevalence had values of 23.1% for farm A1 and
almost double for farm A2. For the same category of age, in Timiș County, the
seroprevalence for Salmonella spp. infection varied widely, from 0% for T4 farm to
100% for T3 farm. In Caraș-Severin County, for the first age category, the
seroprevalence was 87.5%.
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For the category of 91-140 days, the seroprevalence was variable from one
farm to another, having values, at farm level, between 8.3% and 100%. The
maximum values of seroprevalence were recorded in C1 farms from Caraș-Severin
County and in T2 and T3 farms from Timiș County. The lowest seroprevalence
values were recorded in T4 farm (8.3%) and in A1 farm (14.3%). With the exception
of farm A1, for the category of 91-140 day, all farms presented values of
seroprevalence higher than the previous age category.

Fig. 2. Seropositivity percentage of Salmonella spp. infection in pigs, on farms
and age categories
For the age group of 141-180 days, the seropositivity varied from one farm
to another, with values between 14.3% and 100%. In three farms (A2, T4, T5) of the
eight studied farms, increased seropositive values were recorded from one age
category to another. In other farms, such as A1, there has been a decline of
seropositivity in older age groups compared to the 45-90 day age group. For farms
T1, T2 and C1, for the age category of 141-180 days, the seroprevalence values
were lower than the one identified at the first age category. In T3 farm the value of
seropositivity was constant 100% for all age. The decrease of seroprevalence
percentage, observed to the group of 141-190 days, in four of the studied farms,
could be attributed to a previously distant contact with the causative agent, so the
presence of antibodies around the age of slaughter was observed to a smaller
number of animal.
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Fig. 3. The average values of seropositivity percentage for Salmonella spp. by
age categories
The average values of seropositivity percentage for Salmonella spp. by age
categories (Fig. 3) demonstrated an increase from one category to another, being
lower (41.6%) at the age of 41-90 days and reaching to 64.6% at the age of 141-180
days.
As it results from the present research, in the finishing-slaughter period the
average value of seropozitivity was above the one recorded in the other age
categories, a fact also observed by other researchers (10, 12, 15, 17). For example,
the study carried out by Merialdi and col. (12) in sows, demonstrated an increased
seroprevalence of Salmonella spp. infection, with values being between 93.8 and
100%. The same study characterized the serological profile by age categories,
highlighting the decline of maternal antibodies at the age of 60 days and an obvious
seroconversion at the age of 90-150 days, so that at the age of slaughter
seroprevalence ranged from 66 to 100% (12). Similarly, it was shown that in Santa
Cantarina (Brazil), the dynamics of seroprevalence increased towards the slaughter
age; 23% of the examined swine were positive at the age of 70 days, seroprevalence
reaching to 92% at the age of slaughter (10).
Conclusions
Using the enzyme-linked immunosorbent assay, it was identified the
presence of Salmonella infection in all studied pig farms.
The seroprevalence values of Salmonella infection varied from farm to farm,
between 18.5% - 100%.
The dynamics of seroprevalence regarding Salmonella infection was
ascending from one age category to another, with values of 41.6% at the age of 4590 days, of 58.8% at the age category of 91-140 days and increased to 66.5% at the
age category of 141-180 days.
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Summary
This paper presents the histological aspects of acupuncture points, commonly used in
locomotor disorders. The study was performed by taking tissue samples from acupuncture
points BL52-2, BL21, BL2C, BL50, BL40, BL60, Di10, 3E08, GB29, GB30, GB31, GB34,
HE03, LU2, MA35, MA36, PC03. Permanent histological slides by H&E staining were
performed from the collected samples. The results show that acupuncture points do not
differ structurally one from each other, but only the weight of each component differs from
one acupuncture point to another. All acupuncture points have a rich vascularisation and
innervation.
Keyword: acupuncture, alternative medicine, locomotor disorders

Acupuncture, as an integrated part of traditional Chinese medicine, is an old
method of diagnosis and treatment (over 3000 years) based on the stimulation of
acupuncture points, arranged along some meridians, which according to the theories
determines therapeutic effects (1, 2, 4, 6).
Although, in the present it has been accepted as a complementary and
alternative method of treatment (12, 13), therapeutic efficacy and the mechanism of
action remain an enigma. In this sense, a number of theories have been developed
from both the Asian and Western perspectives, but none of them have been able to
elucidate the mechanisms by which the healing of various diseases occurs (8, 13,
14).
The characterization of acupuncture points from the biophysical point of
view, as well as histologically, could represent a first step in understanding the
mechanisms of action of acupuncture. Over the years, the study of acupuncture
points has allowed the highlighting of some of their histological and biophysical
characteristics, different from the neighbouring areas (3, 5, 17, 19). In order to
produce a therapeutic response, the receptors at the acupuncture points have an
important role, so the description of the structural aspect plays a primary role to
understanding the secrets of acupuncture. Unfortunately, in the literature, few
studies histologically characterize acupuncture points in humans and animals (3, 9,
19).
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Materials and methods
The study was performed on 17 dogs diagnosed with hip dysplasia
(unilateral or bilateral, varying degrees) and osteoarthritis, following the radiographic
examination. Most of the studied dogs received daily non-steroidal anti-inflammatory
drug as a treatment to reduce the clinical signs of the disease (10, 16). From each
subject, tissue was collected by biopsy from a different acupuncture point. The
studied acupuncture points were the one frequently used in the treatment of
locomotor disorders in dogs, respectively BL52-2, BL21, BL2C, BL50, BL40, BL60,
Di10, 3E08, GB29, GB30, GB31, GB34, HE03, LU2, MA35, MA36, PC03. The
fragments collected from these acupuncture points were then subjected to
histological technique.
Protocol for slides stained (H&E) (Fig. 1) (15) includes:
 Samples were paraffined, after keeping them for 5-7 days in 5%formol
solution, dehydration (3 successive ethanol baths in increase concentration - for 15
minutes each bath) and
 The paraffin block was cut at 5 µm.
 Dewaxing involved 3 successive baths of toluene, 3-5 minutes each one.
 Dehydration in decrease concentration of alcohol (absolutely, 96%and 80%)
was followed by hydration with distilled water for one minute.
 Stained with H&E (Haematoxylin solution - 1 min., Eosin solution – 1 min.)
 Before clearing with toluene (1 bath) and mounting, the samples were
dehydrated with increase concentration of alcohol (80, 90, absolutely).

Fig. 1. Working stages within the histological technique
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All samples were taken with the consent of the owner. The processing of the
samples and the interpretation of the cyto-histological results were performed in
Department of Histology – Embryology from the USAMVB, King Michael I of
Romania” Timişoara.
Results and discussions
Located on the surface of the skin, acupuncture points, although
characterized histologically, in general, by the existence of the muscular layer, blood
and lymph vessels, as well as peripheral nerves, they are unique not only by
disposition but also by biophysiological effects (11, 18).
From an anatomical point of view, it was concluded that there are 3 types of
acupuncture points, namely: cleft, tunnel and terminal type (7). The split and tunnel
type are represented by most of the acupuncture points located on the 12 meridians,
being made up of the core and the periphery. The terminal type is those acupuncture
points located on the vessel Governor (GV) and Conception (CV) or at the auricle,
in areas where the superficial fascia converges with the terminal branch of the
cerebrospinal nerve and adjacent blood vessels (18).
Histological examination of the acupuncture points studied revealed the
existence of a similar plan of structural organization, all presenting, from the outside
to the inside: epidermis, dermis, hypodermis (subcutaneous adipose connective
tissue) and muscle fibres.
The height of the epidermis varies slightly, being lower for acupuncture
points BL-2C, BL60, GB29, GB34, HE03, LU2, MA35, MA36, higher for acupuncture
points BL21, BL50, Di10 compared to that of acupuncture points BL52 -2, BL40,
3E08, GB30, GB31 and PC03.
The dermis of the skin is the connective tissue composes by two parts, which
are not separated, namely the papillary dermis (the superficial portion of the dermis,
consists by loose connective tissue, blood vessels, fibroblasts, macrophages, mast
cells and other connective cells) and the reticular dermis (the deep portion of the
dermis which is characterized by the presence of dense, undirected connective
tissue with thick collagen fibres, especially type I). In general, the connective tissue
of the dermis is richly vascularized, containing numerous blood vessels, lymph
vessels and arteriovenous anastomoses (necessary in thermoregulatory processes),
thus ensuring the nourishment of epidermal cells. Also, the dermis is richly
innervated, containing numerous free or encapsulated nerve endings (sensitive
corpuscles), which respond to stimuli generated by temperature (heat or cold), touch,
pain, or pressure. Meissner corpuscles are located in the papillary dermis, being
easily adaptable tactile mechanoreceptors, and Vater-Pacini corpuscles are placed
in the reticular dermis, being mechanoreceptors for high pressures and vibrations.
Smooth muscle fibres are also found in the dermis. The glandular productions of the
skin (sebaceous and sweat glands) and the horny productions (hair) are formed in
the epidermis and are located in the dermis. Although it is present in all histological
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sections performed, with a normal structural appearance, the sebaceous gland is
very well represented in the acupuncture points BL21, BL50, Di10, GB30 and GB31.
The sweet gland is also present in all acupuncture points, with the secretory portion
located deep in the dermis. In large numbers, the secretory units of this gland are
evident in the acupuncture points BL40, Di10 and GB29. In canids, the hairs are
arranged in groups, which contain a thicker main hair with all three layers (medulla,
cortex and cuticle), accompanied by three to nine secondary hairs without medulla.
This histological aspect is especially evident in the case of acupuncture points GB29,
GB30, GB31, GB34, MA35, MA36 and PC03.
The hypodermis, located below the dermis, is made up of loose connective
tissue, rich in adipocytes. Frequently, adipocytes clump together, forming adipose
panic surrounded by nerve threads, which continue with the densely oriented
connective tissue of the fascia. The hypodermis is well represented, well
vascularized with large blood vessels, in the acupuncture points BL 52-2, BL-21, BL50, BL-40, GB 20, GB 30 and GB 31.
An average weight of hypodermis was observed for acupuncture points BL
20, BL 60, DI 10, 3E08, GB 34, HE3, LU2, MA 46 and BC 03, and for acupuncture
point MA 35 hypodermis was poorly represented.
The Figures 2-18 present some the differences and similarities between the
main acupuncture points frequently used in locomotor disorders in dogs.

A

B
Fig. 2. A, B Histological section performed from acupuncture point
BL52-2, Hematoxylin Eosin stain, 100X
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A

B
Fig. 3. A, B Histological section performed from acupuncture point
BL21, Hematoxylin Eosin stain, 100X

B

A

Fig. 4. A, B Histological section performed from acupuncture point
BL2C, Hematoxylin Eosin stain, 100X

Fig. 5. Histological section performed
from acupuncture point BL50,
Hematoxylin Eosin stain, 40X

Fig. 6. Histological section performed
from acupuncture point BL60,
Hematoxylin Eosin stain, 100
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Fig. 7. Histological section performed
from acupuncture point BL40,
Hematoxylin Eosin stain, 100X

Fig. 8. Histological section performed
from acupuncture point Di 10,
Hematoxylin Eosin stain, 100X

Fig. 9. Histological section performed
from acupuncture point 3E08,
Hematoxylin Eosin stain, 40X

Fig. 10. Histological section performed
from acupuncture point GB 29,
Hematoxylin Eosin stain, 100X
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Fig. 11. Histological section performed
from acupuncture point GB 30,
Hematoxylin Eosin stain, 40X

Fig. 12. Histological section performed
from acupuncture point GB 31,
Hematoxylin Eosin stain, 100X

Fig. 13. Histological section performed
from acupuncture point GB 34,
Hematoxylin Eosin stain, 40X

Fig. 14. Histological section performed
from acupuncture point HE03,
Hematoxylin Eosin stain, 40X
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Fig. 15. Histological section performed
from acupuncture point LU2,
Hematoxylin Eosin stain, 40X

Fig. 16. Histological section performed
from acupuncture point MA 35,
Hematoxylin Eosin stain, 100X

Fig. 17. Histological section performed
from acupuncture point MA 36,
Hematoxylin Eosin stain, 40X

Fig. 18. Histological section performed
from acupuncture point PC 03,
Hematoxylin Eosin stain, 40X

Conclusions
Histological examination showed similarities of the structure between the
studied acupuncture points, being composed by epidermis, dermis, hypodermis
(subcutaneous adipose connective tissue) and muscle fibres. The difference
between these refers to the weight held by each component of the acupuncture point,
some acupuncture points having better represented the epidermis, others different
components of the dermis (sebaceous glands, sweat glands, hair follicle), and others
hypodermis.
The characterization of acupuncture points made by the present study, by
histological point of view, could be a first step for understanding the mechanisms of
action of dry acupuncture.
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1

Summary
Eimeriosis is a protozoal disease, frequently present in rabbitries, caused by unicellular
parasites belonging to the Coccidia subclass, genus Eimeria. They especially affect young
animals, clinically manifesting through intestinal, hepatic and oto-pharyngeal signs. The study
aimed to determine the typical levels of Eimeria spp. infestations in rabbits bred as pets and
for meat production and to evaluate the therapeutic effect of toltrazuril on the production of
oocysts eliminated through faeces. The present study was conducted on 99 rabbits (39
purebred and 60 mix-breed rabbits) aged between one month and 24 months, bred in cages
or on the ground, on permanent bedding. Twenty-four faecal samples were collected for
coproscopy (14 from pure-breed rabbits and 10 from mix-breed rabbits). The samples were
labelled, transported at cold temperatures and examined using flotation and McMaster
methods. After establishing the parasitic spectrum and the level of infestation, we decided
upon therapy using toltrazuril (Baycox – Bayer Animal Health) at a dose of 5mg/kg body
weight, administered two days in a row. We identified Eimeria spp. oocysts and
Trichostrongylus spp. eggs. The overall rate of Eimeria spp. infestations, recorded for the
examined rabbits was 45.8%, with variations depending on the breeding system, reaching
100% in ground bred rabbits, on permanent bedding and 7.14% in the case of animals bred
individually in cages. The results of the antiparasitic therapy using toltrazuril highlighted an
efficacy rate of 99% and 100% against rabbit coccidian during the first 21 days post-therapy.
Keywords: rabbit, Eimeria spp., natural infection, toltrazuril

Eimeriosis is a condition frequently seen in rabbitries, especially affecting
young animals. Rabbit eimeriosis is a hepatic or enteric disorder caused by parasitic
protozoa from the subclass Coccidia, Eimeria genus. It has three clinical forms:
intestinal, hepatic and oto-rhino-pharyngeal (2, 3, 12).
The transmission of coccidia occurs when rabbits are kept in large groups,
due to the rapid and direct life cycle of the Eimeria species. Coccidiosis/eimeriosis
is seen as a major health issue in rabbits raised in an intensive system, but not
exclusively.
Rabbits, during the past years, have seen a rapid raise in their popularity as
pets, making them the third most common species of pets, after dogs and cats (9,
15).
Up to 16 species of Eimeria have been described in rabbits, of which Eimeria
stiedae is considered the most pathogenic due to its effects on the liver. Other
species of Eimeria have intestinal localisation and they were associated with clinical
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manifestations as well as sub-clinical signs, included in the digestive syndrome.
Coccidiosis is limited through prophylactic measures, based on various anti-coccidial
drugs such as sulfadiazine, trimethoprim, salinomycin or robendine, mixed with food
pellets or in drinking water if possible (beneficial for bunnies), associated with goodhygiene (7, 8, 10).
The present study aimed to determine the typical levels of infestation with
Eimeria spp., in rabbits bred as pets and for meat, as well as to evaluate the
therapeutic effect of toltrazuril on the production of oocysts eliminated through faces.
Materials and methods
Animals subjected to study and coproparasitic exam
The present study was based on samples from 99 rabbits, coming from 2
breeders from Corcova, Mhedinti County and Uricani, Hunedoara County.
Thirty-nine were pure-bred rabbits, aged from one month to 24 months 39
from 5 different breeds, namely: two German rabbit rams, two German butterfly
rabbits, four Californian breeds, a giant yellow German rabbit, 30 grey giant German
rabbits.
Sixty mix-breed rabbits were also included in the study, aged from 2 months
to 24 months.
The breeding system of rabbits is either in cages or on the ground, on
permanent bedding.
Twenty-four faecal samples were collected for coproscopy from these 99
rabbits from the above-mentioned breeds or from mixed-breeds (14 from pure-bred
rabbits, 10 from mix-breeds).
The methodology was based on the following steps: sample collection,
labelling, transportation at cold-temperatures until examination through coproscopy,
using the Willis flotation method and the quantitative McMaster method. After
establishing the parasitic spectrum and the level of infestation, we have decided for
toltrazuril based-therapy (Baycox – Bayer Animal Health).
The identification of parasitic elements was based on specific determination
keys, described in specialty literature (2, 3).
Testing the efficacy of the anticoccidial drugs
The rabbits that were identified as positive for Eimeria received therapy with
toltrazuril (Baycox®) according to recommendations from specialty literature that
specify the efficacious dose against rabbit eimeriosis to be around 2.5 mg/kg body
weight and 5 mg/kg body weight.
The design of the therapeutic study consisted in quantifying the oocysts on
day 0 of the experiment, followed by the application of the treatment and reevaluation of the number of oocycts present in rabbits after 7, 14 and 21 days post
therapy. We have decided upon an intervention dose of 5 mg/kg bw administered
two days in a row.
The efficacy calculus was performed using the FECRT (Faecal eggs count
89

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA

reduction test) (14):
Efficacy = (average pre-therapeutic oocyst count – average post-therapeutic
oocyst count) / average pre-therapeutic oocyst count) X 100
Results and discussions
The results for the 39 pure-breed rabbits were negative from a parasitic point
of view, except for a single sample that came from an individual bred separately,
which presented 250 oocysts per gram of faeces. The prevalence rate in this
category of rabbits was 7.14% (1/14).
The parasitic exams for the 60 mix-breed rabbits were positive for all
samples, without exceptions, with a prevalence rate of 100% (10/10) (Fig. 1), with
OPG values that varied between 1600 and 64600.
The overall prevalence of Eimeria spp. infestation, recorded from the
investigated rabbits was 45.8%.
The values of the OPG were not influenced by the age of rabbits, as noticed
from data obtained for bunnies and adult rabbits (Table 1, Fig. 2).

A

B

Fig. 1. A, B Positive coproscopic exam (Willis) for Eimeria spp. and Trichostrongylus spp.

In pure-breed rabbits, due to housing conditions (separate cages) that were
different from those for mix-breed rabbits (on the ground, on permanent bedding),
the evolution of eimeriosis was mild.
The data analysis highlights that the oocyst count decreased from an
average of 19305 on day 0 to zero on day 7 after administration of toltrazuril, followed
by a mild increase (55) on day 14, only to slightly increase again on post-therapeutic
day 21 to the value of 190 (Fig. 3).
The efficacy of toltrazuril, within 7 days, calculated according to the FECRT
formula was 100, while within 14 and 21 days it was 99.7, respectively 99.
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Table 1
The evolution of OPG in examined rabbits
Crt.
no.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Animals/age

Doe-rabbit 1 mix-breed
Doe-rabbit 2 mix-breed
bunny 3 months mix-breed
Doe-rabbit 3 mix breed
bunny 5 months mix breed
Doe-rabbit 4 mix-breed
bunny 8 months mix breed
Doe-rabbit 5 mix-breed
Buck-rabbit, 1 year, mixbreed
10.
Doe-rabbit 6 mix-breed
11. Giant yellow German rabbit

OPG z0

OPG z7

OPG z14

OPG z21

23050
8150
19150
4250
22800
64600
15000
1600

0
0
0
0
0
0
0
0

150
0
0
0
250
0
0
0

500
0
150
0
0
750
0
0

32500

0

150

500

1950
250

0
0

0
0

0
0

Fig. 2. Graphical distribution of the
OPG evolution in the studied mixbreed rabbits

Fig. 3. Graphical representation of
toltrazuril efficacy in the studied mixbreed rabbits

It must be noted that the mix-breed rabbits that were taken into study have
maintained a low, post-therapeutic level also due to the fact that prevention
measures were also undertaken. Thus, the owner changed their housing and
received recommendations regarding how to avoid the transportation of the infesting
elements from one group to another.
The prevalence of infestation with Eimeria is different, depending on the
geographical areas and on the housing system of rabbits. Numerous recent or older
studies highlight the presence of intestinal or hepatic Eimeria in rabbits underlining
the economic importance of these entities in cuniculture but also in pet-rabbits.
A study conducted by Yin et al. (13) evaluated the prevalence of coccidian
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infections in eight regions from the Sichuan province in China. Based on the analysis
of 110 faecal samples, collected from 11 rabbit farms, the overall infection rate
reached 56.4%.
Maziz-Bettahar et al. (6) researched three regions from Algeria and
established a rabbit coccidian prevalence of 90%. The parasite was present in 36/40
inspected farms. When evaluating the rates according to region, the prevalence
varied from 100% (10/10) in the highlands, to 92.9% (13/14) in East Tell Atlas and
to 81.3% (13/16) in Central Tell Atlas.
The parasitic exams conducted by Szkucik et al. (11), have led to the
recognition of mixed infections in 79.56% of the studied animals. The parasitic
evaluation of rabbits has led to the identification of coccidian parasitism (78.83%),
nematodes (16.42%), cestodes (0.72%). The coccidian invasion discovered in the
intestines were dominant reaching a frequency rate of 56.48%, while the hepatic
coccidian infestation was significantly lower, reaching merely 3.34% of examined
rabbits. Parasitism is thus described as low intensity (11).
The results of the study conducted by Hamid et al. (5) shows that the
prevalence of Eimeria spp. varied according to their origin: Kulonprogo 68.6%
(172/251), Bantul 78.38% (184/234) and Sleman 63.79% (171/265). The prevalence
of rabbit coccidiosis in all investigated areas was 70.26% (527/750). Hepatic and
intestinal coccidiosis was observed in this study conducted on rabbits from Indonesia
(5).
A study conducted by Redrobe et al. (10) on rabbits suffering from intestinal
coccidiosis, which have received toltrazuril in concentrations of 5 mg/kg. bw once
and sulfadimethoxine 9 zile consecutively, in drinking water, obtained an efficacy
rate of 99.6 for toltrazuril and 92.1 for sulfadimethoxine. Breeding systems were also
a factor for reinfestation in this study as well, with a recurrency of the number of
oocysts within 5 days post-therapy (10).
The results of a study conducted by El-Ghoneimy and El-Shahawy (4), have
indicated that toltrazuril and amprolium as well their simultaneous use have lowered
the EPG and have efficiently controlled coccidian-linked mortality, as well as
completely abolishing clinical signs improving food intake, facilitated weight gain and
feed conversion rate. It can be concluded from the observations drawn from the
study that oral administration of both drugs and their combined use have improved
the adverse impact of intestinal coccidiosis in rabbits, however, their simultaneous
use has had superior effects (4).
A group of rabbits with Eimeriosis were given the drug "Gelliprim orale,"
which comprises sulfadiazine (20g) and trimethoprim (4g). When coproscopically
checked at the end of the trial, 20 of the 22 eimeriosis patients tested negative, with
oocysts present in only two rabbits. There was no liver damage discovered in any of
the victims after they were slaughtered. In the treatment of rabbit intestinal
coccidiosis, we prescribe Gelliprim orale (7).
Cam et al. (1) have proposed a clinical study regarding hematology,
biochemistry, lipid peroxidation, ultrasonography and pathological changes in
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hepatic coccidiosis induced by Eimeria stiedae in rabbits, as well as to compare the
therapeutic effects of toltrazuril and ivermectin separately or combined. In the end, it
was noticed that the treatment with toltrazuril and the drug combination toltrazuril +
ivermectine were highly efficient in decreasing the production of oocysts from rabbit
faeces (1).
Conclusions
The overall prevalence of Eimeria spp. infection, recorded for the examined
rabbits was 45.8%.
The prevalence of Eimeria spp. infections differed, according to the breeding
system, reaching even 100% in rabbits housed on the ground, on permanent
bedding and merely 7.14% in rabbits housed individually in cages.
The results of the antiparasitic therapy with toltrazuril have highlighted an
efficacy between 99% and 100% against rabbit coccidian during the first 21 days
post-therapy.
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THE EFFECT OF CRANIAL CRUCIATE LIGAMENTS RUPTURE
ON THE RADIOLOGICAL MEASUREMENT OF THE TIBIAL
PLATEAU ANGLE IN SMALL DOG BREEDS
LUCACI F.D., DRAGOMIR M.F., COSTIN A., ARDELEAN A.I., PURDOIU R.C.,
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Summary
The aim of this study is to measure the tibial plateau angle in small dog breeds and compare
the results between those with cranial cruciate ligaments rupture, and those without ligaments
injuries. Ninety dogs divided into two groups were included in this study. For the measurement
of the tibial plateau angle, the dogs were in latero-lateral position, and the radiographs were
taken with the stifle joint in mediolateral projection, in a 90⁰ angle, the X-ray beam was
centered at the level of the proximal tibial diaphysis. The tibial plateau angle was measured
between the medial tibial plateau line and the reference line. The values for these two groups
were found to be between 18.1⁰±2,06⁰ and 35.7⁰±1,60⁰, mean of the tibial plateau angle for
healthy dogs was around 22.67⁰±2.06⁰ and for dogs with cranial cruciate ligament rupture was
around 32.24⁰±1.60⁰. The dogs with cranial cruciate ligament rupture had statistically greater
values of tibial plateau angle compared to dogs without ligament injuries.
Keywords: tibial plateau, radiology, stifle joint, cranial cruciate ligaments, dogs

Cranial cruciate ligament rupture is one of the most problematic orthopedic
diseases in dogs (12). The pathogenesis of cranial cruciate ligament disease is still
an enigma for the veterinary medical field, some authors believe that it is a
degeneration of the cranial cruciate ligament extracellular matrix that leads to partial
or complete ligament rupture, then instability and degenerative joint disease (5, 10,
21). Comerford et al. (5) presented in their study that a ruptured cranial cruciate
ligament has higher amounts of immature collagen cross-links, total and sulphated
glycosaminoglycans, water content, and concentration of matrix metalloproteinase2 compared with a normal ligament. Although in human medicine the principal cause
of cranial cruciate ligament is trauma, in veterinary medicine, especially in dogs,
trauma injuries do not occur so often as an etiology for cranial cruciate ligament
rupture (17). Cranial cruciate ligament rupture seems to have also a genetic
component, in Newfoundlands four microsatellite markers associated with the
disease were found on chromosomes 3, 5, 13, and 24 (5).
This pathology occurs more often in large dog breeds but has been reported
also to small dog breeds. This disease affects 2.6% of dogs, regardless of the breed
(2). Witsberger et al. (22) have demonstrated that dogs over four years old were
more likely to develop cranial cruciate ligament rupture. The prevalence of CCL
rupture is higher in males than females of small breed dogs even when the authors
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included some other risk factors such as age, breed, or body weight (18). The TPA
is higher in neutered females, this shows increased body fat composition and weight
gain and it is hypothesized that the adipose tissue may be involved in the etiology of
the disease through the elaboration of pro-inflammatory adipokines (5). Duerr et al.
(6) presented in their study that neutering before six months of age was a risk factor
for an excessive tibial plateau angle in large breeds because a prepubertal
gonadectomy changes the histological aspect of the growth plate which will lead to
the widening of the growth plate and the longitudinal growth of the bone and Seo et
al. (18) suggested in their study that an early gonadectomy is a risk factor for the
development of cranial cruciate ligament rupture as a result of an increased tibial
plateau angle in small breeds.
The cruciate ligaments are made of cells, extracellular matrix, and water
(approximately 60-80%). The dry weight contains 90% collagen and smaller
amounts of elastin, proteoglycans, glycoproteins, and lipoproteins (9).
The cranial cruciate ligament is intended to limit the knee hyperextension,
respectively to control the rotation movement of the knee (13). This ligament is made
of two bands, one of them is cranio-medial which is more reduce and another one is
caudolateral which is more developed. The craniomedial band is under tension both
in flexion and extension, while the caudolateral band is under the tension just
extension, due to this repetition cranial cruciate ligament rupture can occur (7) Even
though this disease has created a lot of controversies, some authors believe that the
slope of the tibial plateau may be a predisposing factor for cranial cruciate ligament
rupture (1). The tibial plateau angle has an important part in force distribution during
walking (18).
It is difficult to compare the tibial plateau angle of normal dogs because the
tibial plateau angle varies between breeds, overestimation or underestimation
relative to the anatomic tibial plateau angle due to imprecise radiographic
positioning, the tibial plateau angle measurement can be influenced by different
observers (interobserver variation) or measurement error (intraobserver variation)
(16).
For correct measurement of tibial plateau angle, this one need to be made
at about 108 days of age (14). The tibial plateau angle is higher for castrated males
comparing to intact males (21). The mean of tibial plateau angle according to the
following authors is between 23.5⁰ - 27⁰ ± 5⁰ (11, 21).
As we said before the relationship between the tibial plateau angle and the
cranial cruciate ligament rupture is controversial, Reif and Probst (16), in their study
found no significance between the tibial plateau angle of Labradors with and without
cranial crucial ligament rupture, Fauron et al. (8), Przeworski et al. (14), made the
same observation, while Arruda et al. (1), and Seo et al. (18), found out that the dogs
with cranial cruciate ligament rupture had a greater tibial plateau angle value.
It is very important to make a proper measurement of the tibial plateau angle,
and avoid over-rotation or insufficient rotation of the tibial plateau especially before
a tibial plateau leveling osteotomy (TPLO) surgery (15).
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The aim of this study is to measure the tibial plateau angle in small dog
breeds and compare the results between those with cranial cruciate ligaments
rupture, and those without ligaments injuries.
Materials and methods
Dogs with patellar instability, cranial cruciate ligament rupture, or normal
stifles were included and age, breed, weight, and gender were noted. All dogs
recognized as small breeds with a bodyweight under 13 kg with radiographic images
of the stifle joint were eligible for inclusion in our study.
Radiographs were excluded if the patient was skeletally immature, if the
radiographic beam was not centered properly over the stifle or if the image was not
properly for measurement.
A total of 97 radiographic images of the stifle joints of the dog were selected
and divided into 2 groups. Were excluded 7 images due to improper radiological
position.
Group 1 had 45 images of stifle joints without ligament rupture and group 2
was composed of 45 images of stifle joints with cranial cruciate ligament rupture.
Radiographic images were obtained into the Radiology and Diagnostic
Imaging Department from the Faculty of Veterinary Medicine from Cluj-Napoca with
a TEMCO GRx machine, and the dogs were sedated with Medetomidine (Domitor™)
0,1 mL/Kg, intramuscular administration.

Fig. 1. Radiographic image of the stifle joint in medio-lateral projection of a
healthy dog. The tibial plateau angle is measure between the medial tibial
plateau line (black arrow) and the reference line (yellow arrow)
Radiographs were obtained with dogs into later-lateral position and the stifle
joint was in mediolateral projection, at 90 ͦ angles. X-ray beam was centered at the
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level of the proximal tibial diaphysis. Radiographic measurements were performed
manually on the radiographic images.
The tibial plateau angle was measured between the medial tibial plateau line
and the reference line (Fig. 1). The medial tibial plateau line is a line that connects
the cranial aspect of the medial tibial plateau line to the caudal aspect of the medial
tibial plateau line and the reference line is a perpendicular line on the tibial axis line
(20, 24).
Results and discussions
Ninety stifle joints from 45 dogs were included in this study. The dogs were
from the following breeds: Yorkshire Terrier (15), Pekingese (5), Bichon Friese (5),
Pinscher (1), Cocker Spaniel (4), French Bulldog (7), Jack Russell Terrier (5). The
mean age of the dogs was 6.5 years (± 0.5 months) and the mean body weight was
7.4 kg (± 1.3 kg).
The values of tibial plateau angle were processed in IBM SPSS STATISTICS
19™ and MEDCALC®.
The measured values of the tibial plateau angle are shown in Table 1 and
Table 2.
Table 1
Values for dogs without cranial cruciate ligament rupture. Values are
expressed in degrees
Dogs without CCL rupture

Valid

18.1ᵒ

Frequency
1

Percent
2.2

Valid Percent
2.2

Cumulative
Percent
2.2

18.7ᵒ

1

2.2

2.2

4.4

19.5ᵒ

1

2.2

2.2

6.7

19.6ᵒ

1

2.2

2.2

8.9

19.8ᵒ

2

4.4

4.4

13.3

19.9ᵒ

1

2.2

2.2

15.6

20.1ᵒ

1

2.2

2.2

17.8

20.6ᵒ

1

2.2

2.2

20.0

21.3ᵒ

1

2.2

2.2

22.2

21.4ᵒ

1

2.2

2.2

24.4

21.5ᵒ

1

2.2

2.2

26.7
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21.8ᵒ

1

2.2

2.2

28.9

21.9ᵒ

2

4.4

4.4

33.3

22.2ᵒ

1

2.2

2.2

35.6

22.3ᵒ

3

6.7

6.7

42.2

22.5ᵒ

2

4.4

4.4

46.7

22.6ᵒ

2

4.4

4.4

51.1

22.7ᵒ

3

6.7

6.7

57.8

22.8ᵒ

2

4.4

4.4

62.2

23.1ᵒ

1

2.2

2.2

64.4

23.4ᵒ

1

2.2

2.2

66.7

23.5ᵒ

1

2.2

2.2

68.9

24.1ᵒ

3

6.7

6.7

75.6

24.6ᵒ

1

2.2

2.2

77.8

24.8ᵒ

3

6.7

6.7

84.4

25.2ᵒ

1

2.2

2.2

86.7

25.4ᵒ

1

2.2

2.2

88.9

25.5ᵒ

1

2.2

2.2

91.1

25.6ᵒ

1

2.2

2.2

93.3

25.9ᵒ

2

4.4

4.4

97.8

26.5ᵒ

1

2.2

2.2

100.0

Total

45

100.0

100.0

For the dogs, without cranial cruciate ligament rupture, the values are
between 18.1⁰-26.5⁰ with the mean of 22.6⁰ and the standard deviation of 2.07⁰
(Table 1) and for the dogs, with cranial cruciate ligament rupture, the values are
between 29.2⁰-35.7⁰, the mean of 32.2⁰ and the standard deviation of 1.60⁰ (Table
2).
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Table 2
Values for dogs with cranial cruciate ligament rupture. Values are expressed
in degrees
Dogs with CCL Rupture
Valid

29.2ᵒ
29.8ᵒ
30.0ᵒ
30.1ᵒ
30.5ᵒ
30.7ᵒ
31.0ᵒ
31.1ᵒ
31.2ᵒ
31.3ᵒ
31.4ᵒ
31.5ᵒ
31.8ᵒ
32.0ᵒ
32.1ᵒ
32.3ᵒ
32.6ᵒ
32.7ᵒ
32.9ᵒ
33.0ᵒ
33.1ᵒ
33.3ᵒ
33.5ᵒ
33.7ᵒ
34.3ᵒ
34.4ᵒ
34.7ᵒ
35.1ᵒ
35.4ᵒ
35.7ᵒ
Total

Frequency
1
1
1
3
1
1
1
2
2
2
2
2
1
1
2
4
1
1
1
1
3
1
1
1
1
3
1
1
1
1
45

Percent
2.2
2.2
2.2
6.7
2.2
2.2
2.2
4.4
4.4
4.4
4.4
4.4
2.2
2.2
4.4
8.9
2.2
2.2
2.2
2.2
6.7
2.2
2.2
2.2
2.2
6.7
2.2
2.2
2.2
2.2
100.0

100

Valid Percent
2.2
2.2
2.2
6.7
2.2
2.2
2.2
4.4
4.4
4.4
4.4
4.4
2.2
2.2
4.4
8.9
2.2
2.2
2.2
2.2
6.7
2.2
2.2
2.2
2.2
6.7
2.2
2.2
2.2
2.2
100.0

Cumulative
Percent
2.2
4.4
6.7
13.3
15.6
17.8
20.0
24.4
28.9
33.3
37.8
42.2
44.4
46.7
51.1
60.0
62.2
64.4
66.7
68.9
75.6
77.8
80.0
82.2
84.4
91.1
93.3
95.6
97.8
100.0
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Table 3
Values obtained by the measurement of the tibial plateau angle in healthy
dogs and in dogs with cranial cruciate ligament rupture
Descriptive Statistics
N
Dogs without CCL rupture

45

Dogs with CCL rupture

45

Valid N (listwise)

45

Minimum Maximum
18.1
26.5
29.2

35.7

Mean
Std. Deviation
22.671
2.0756
32.247

1.6031

The difference between the mean TPA values in these two groups was
significant (P < 0.0001). The dogs with cranial crucial ligament rupture had
statistically greater tibial plateau angle compared with healthy dogs. As we said
before, the mean value of the healthy dogs was 22.67⁰ and for those with cranial
cruciate ligament rupture was 32.27⁰.
Table 4
Values obtained by calculating the mean of the two groups
Difference

9.576

Standard error

0.391

95% CI

8.7991 to 10.3529

t-statistic

24.494

DF

88

Significance level

P < 0.0001

With a P-value < 0.001 the null hypothesis is rejected, and there is a
significant relationship between group 1 and group 2, which means that the higher
the degree is, the higher the chances are that there is a rupture of the cranial cruciate
ligament.
In our study, the highest tibial plateau angle value was 35.7⁰, according to
Przeworski et al. (14) the mean of the tibial plateau angles was between 16.9⁰ and
34⁰ while values over 35⁰ are considered excessive. One of the dogs had an
excessive tibial plateau angle according to the literature, a Yorkshire Terrier. This
fact is similar to other reports when terriers show excessive tibial plateau angles (21,
23).
As we said before positioning of the tibia during the radiography can
seriously influence the tibial plateau angle determination and that can lead to
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overestimation or underestimation of the angles, this is important to realize during
the radiography a perfect superimposition of the femoral condyles (16).
There are several reasons why the tibial plateau angle varies between small
dog breeds, including breed variation in proximal tibial morphology, caudal
angulation of the proximal tibia, lack of sedation during the radiographs acquisition,
or improper positioning of the stifle joint (3, 21).
Tibial plateau angle measurement is highly important for proceeding with
tibial plateau leveling osteotomy, due to needing for determining the tibial plateau
rotation (19).
Our objective was to measure the tibial plateau angle and compare the
results between small breed dogs with cranial cruciate ligament rupture and those
without ligament injuries. We found out a significant difference between our groups.
Conclusions
In conclusion, in our study, the dogs with cranial cruciate ligament rupture
had statistically greater values of tibial plateau angle compared to dogs without
ligament injuries.
Further investigation on a higher number of small breed dogs following the
influence of tibial plateau angle on the cranial cruciate ligament is needed.
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Summary
Dental disease is commonly diagnosed in pet chinchillas as it is in other small herbivorous
mammals with elodont (continuously growing) incisors and cheek teeth. However, periodontal
disease, caries, and tooth resorption have a high prevalence in chinchillas, although they are
frequently missed during routine intraoral examination, even if the examination is performed
under general anesthesia. Unfortunately, there are few data on the prevalence of dental
disorders affecting the pet chinchilla population in Romania. The aim of this study was to
establish the prevalence of dental disease in pet chinchillas presented for clinical evaluation
in a private practice in Bucharest. In total, 107 family-owned pet chinchillas were assessed
radiologically and by physical examination for the presence of dental disease. Chinchillas
were presented in a private veterinary clinic for regular check-ups or various complaints. The
survey was conducted from February 2019 to March 2021. Abnormalities were detected in 45
chinchillas (42.0%) either during physical or radiographic findings. In total, 32 chinchillas
(29.9%) were diagnosed with dental malocclusion, 22 chinchillas (20.5%) had dental
resorption, 14 chinchillas (13%) had caries and 8 chinchillas (7.47%) had osteomyelitis. In
conclusion, dental disease in pet chinchillas recorded a high prevalence (42.0%) and the
radiographic examination coupled with endoscopy-guided intraoral examination represents a
useful tool in diagnosing this pathology.
Keywords: chinchilla, dental disease, lanigera, radiology

Originating from South America, chinchillas were domesticated in the early
20th century. Their natural diet, based on fibrous plants, is optimally digested thanks
to a well-developed cecum and coprophagy (5). Nowadays they have entered our
households as pets and gradually became part of the veterinarian’s clientele. While
field veterinarians will generally state that oral pathology is widespread in pet
chinchillas, prevalence research on the issue is very limited (11). The most extensive
study known so far was carried out by Crossley et al. in 1997 and 1999 in the United
Kingdom, where chinchillas are commonly kept as pets (7, 8, 9). The results of the
study are stunning: of the 651 presumed healthy chinchillas subjected to
examination, 35% showed external evidence of dental abnormalities. Conscious
clinical examination identified a variety of conditions, including palpable deformity of
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the ventral side of the mandible (39% of the patients), incisor overgrowth (31%) and
palpable abnormal cheek teeth occlusion (28%). On radiological examination, incisor
elongation, cheek teeth root elongation and coronal cheek teeth overgrowth were
found in 100, 94 and 69% of the cases, respectively (10).The aim of this study was
to establish the prevalence of dental disease in pet chinchillas presented for clinical
evaluation in a private practice in Bucharest.
Materials and methods
Medical records of 107 chinchillas from two private veterinary clinics
(SpeedVet Veterinary Clinic - Bucharest and Link-Vet Veterinary Clinic - Bucharest)
were included in this study. Only those cases in which skull radiographs were
performed and complete medical records were available were included in the study.
A complete medical and dietary history, physical examination findings, treatment and
outcome of the case were considered mandatory for a complete medical record, in
addition to skull radiographs and endoscopy-guided intraoral examination photos.
Additional testing such as plasma biochemistry profiles, complete blood count,
abdominal and chest radiographs and urinalysis were considered facultative data,
which was not mandatory for inclusion in the study.
Results and discussions
Signalment and history
55 (51.4%) of the 107 chinchillas included in the study were male. The
median body weight was 0.52kg (range: 0.46 to 1.1 kg). The median age at time of
diagnosis was 60 months (range: 16 to 180 months). Housing information was
obtained in 98/107 cases. Of these 98 chinchillas, 62 were housed alone and 36
were housed in groups. The majority of the animals received commercial chinchilla
pellets and grass hay as part of their regular diet. 20 chinchillas have access to a
mineral stone as a dietary supplement and 42 of them were fed commercial chinchilla
pellets exclusively. Information on how water was provided (open dish vs bottle) was
not recorded in the medical records reviewed.
Presenting complaints
Duration of clinical signs prior to presentation ranged from 1 to 120 days.
Presenting complaints included anorexia, constipation, selective appetite,
sialorrhea, fur chewing, facial masses and ophthalmologic conditions. Anorexia,
constipation and selective appetite were each reported in 65/107 animals. 25/107
chinchillas were presented for regular check-ups and had no clinical signs.
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Clinical presentation
25 chinchillas had abnormal findings upon palpation of the maxilla and
mandible and intraoral examination using and endoscope, that included deformation
of the mandible or maxillary bone, cheek teeth elongation, formation of dental spurs
(Fig.1 and 2), lingual or buccal lesions (Fig. 3), tooth fractures. Other abnormal
physical exam findings included reduced fur condition, fur chewing, dehydration,
abdominal discomfort.

Fig. 1. Cheek teeth from
a chinchilla with dental
spurs

Fig. 2. Cheek teeth spurs
in a chinchilla

Fig. 3. Palatal lesion in a
chinchilla with dental
disease

Diagnostic testing
Radiographs were performed to all 107 presented chinchillas. All of them
were sedated with Isoflurane in order to perform the radiographic examination and
stomatoscopy. At least five radiographic views were performed in each chinchilla (2)
(one latero-lateral, one dorso-ventral, one rostro-caudal and two lateral obliques).
Radiographs were assessed using the references lines described for this species
(1). Based on radiographic findings 45 chinchillas (42%) had dental disease. Of
those, 32 chinchillas had dental malocclusion, 22 had dental resorption and 8
chinchillas had osteomyelitis (Table 1).
Dental disease in pet chinchillas from our study was reported at a similar
prevalence as in the United Kingdom by Crossley et al. (9). In captivity, chinchillas
are fed a range of foods grown in more favourable conditions (thus having lower
fibers and silicate levels and higher energy content). These are often preprocessed,
minimising the need for chewing, and presented in the form of pellets, requiring an
abnormal dorsoventral crushing jaw action rather than a normal horizontal grinding
motion (20). Additionally, dicotyledonous plants, such as alfalfa, are used in many
commercial chinchilla diets. These have a low silicate phytolith content and are
poorly abrasive compared with foods eaten in the wild.
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Table 1
Patient characteristics, clinical and radiological abnormalities in 45
chinchillas diagnosed with dental disease
Case

Age
(months)

Body
weight
(kg)

Clinical
abnormalities

Radiologic
dental
malocclusion

Radiologic
crown
elongation

Radiologic
dental
resorbtion

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

46
86
56
34
102
74
32
16
45
78
49
30
28
68
83
146
54
60
94
52
39
68
93
89
180
44
32
76
59
48
97
50
48
86
94
64
76
46
56
87
54
75
54
88
84

0.48
0.67
0.46
0.54
0.58
0.53
0.84
0.55
0.6
0.98
1.1
0.54
0.53
0.59
0.55
0.48
0.52
0.47
0.55
0.5
0.5
0.52
0.46
0.55
0.61
0.52
0.58
1.01
0.54
0.6
0.48
0.52
0.95
0.59
0.47
0.47
0.48
0.47
0.52
0.5
0.49
0.52
0.48
0.46
0.48

Present
Present
Absent
Absent
Present
Present
Present
Absent
Absent
Present
Absent
Present
Absent
Present
Present
Present
Absent
Absent
Absent
Present
Present
Absent
Absent
Present
Absent
Present
Absent
Absent
Present
Present
Present
Present
Absent
Present
Absent
Present
Present
Absent
Present
Absent
Absent
Present
Absent
Present
Present

Present
Present
Present

Present

Present

Present
Present

Present
Present

Present
Present

Present
Present

Present
Present
Present
Present
Present
Present

Present
Present

Present

Present

Present
Present

Present

Present

Present
Present

Present
Present

Present
Present
Present
Present

Present

Present
Present

Present

Present
Present

Present
Present

Radiologic
osteomyelitis

Present

Present
Present

Present

Present
Present
Present

Present

Present

Present
Present
Present

Present
Present

Present
Present
Present
Present
Present

Present
Present
Present

Present
Present
Present

Present
Present

Present
Present
Present

Present

Present
Present

Present
Present

Present

Present

Present

Present
Present
Present
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The overall effect is to dramatically reduce tooth wear, although provision of
grass hay may partially compensate for this.
Eruption of continuously growing teeth continues despite the lack of attrition,
forcing the mouth open until occlusal loading from resting masseter muscle tension
matches the force of eruption (14).The rate of eruption is reduced and eventually
arrested by the opposing force. Although tooth growth rate is reduced in these
circumstances, the reduction is not in proportion to the decreased eruption rate (4),
so, as the root apex grows, it moves closer to the surrounding bone. When this
happens slowly, remodelling of the periapical tissues occurs to accommodate the
intruding, elongating apical tissues. If apical intrusion is rapid, bone resorption
outstrips deposition and the apex perforates the bone.
Conclusions
The Romanian chinchilla population suffers from a wide range of dental
pathology - not the single condition ‘malocclusion’ assumed by many authors. Tooth
elongation affected many of the animals studied, irrespective of the reason for
examination (17). It appears that lack of attrition is probably the most important factor
in development of this problem, possible cofactors being stress and nutritional
imbalances (16). While a primary genetic aetiology is possible in some dental
conditions, such as congenitally missing cheek teeth, it cannot be assumed for other
forms of disease (12, 18). If the above conclusion is correct, provision of a diet
matching that of wild animals in consistency, form and nutritional content will reduce
or prevent many of the dental problems encountered in captive chinchillas (14, 15).
This requires future investigation.
Dental disease in pet chinchillas recorded a high prevalence (42.0%) and
the radiographic examination coupled with endoscopy-guided intraoral examination
represents a useful tool in diagnosing this pathology (3, 13, 19). Computed
tomography (CT) can represent a superior modality to diagnose dental pathologies
that otherwise might be missed on conventional radiology (6, 21, 22).
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Summary
Bovine mastitis is one of the most significant bacterial diseases present in dairy cattle. Recent
genome-wide association studies (GWAS), based on the association between single
nucleotide polymorphisms (SNPs) and various traits, have revealed the presence of genes or
genetic variants associated with resistance to mastitis. GWAS highlights genomic regions that
have a quantitative impact on a particular trait of interest. GWAS was successfully used to
identify loci of genes associated with somatic cell score (SCS) as an indicator of the degree
of inflammation of the mammary gland. We used the GWAS function from rrBLUP R package
and ran 7 GWAS assays – one for all the available lactations per breed, and then separately
for each lactation rank in the Romanian Brown (Brună de Maramureș – BM) and Romanian
Spotted (Bălțată Românească – BR) breeds (lactations 1 and 2 for BM and 1-3 for BR). There
were significant associations identified in the BM and BR breeds using GWAS. The results
obtained in the BR breed indicate that a significant portion of SNPs associated with mastitis
are on chromosomes already reported for their association with mastitis in various other
breeds. In both breeds, the significant association signals were detected on different
chromosomal locations, as found (1) for all lactations and (2) separately for each lactation,
which suggests that genetic determinants of mastitis may depend on the lactation rank. This
is the first study reporting the association of SNP markers with mastitis in the BM and BR
Romanian cattle breeds.
Keywords: GWAS, mastitis, SCS, Bălțată Românească, Brună de Maramureș

The GWAS (genome-wide association study) methodology enables the
identification of genomic markers (SNPs – single nucleotide polymorphisms) that
have a quantitative impact on phenotypes of interest. GWAS is successfully used to
identify loci of genes (8, 11) associated with the somatic cell score (SCS) and as an
indicator of the trait represented by the degree of inflammation of the mammary
gland (2, 7, 9). In 2017, Welderufael et al. (16) proposed the use of a new selection
trait represented by the post-mastitis recovery capacity. Resistance to mastitis can
be considered a complex trait (3, 4, 5, 14) and is controlled by several genes with
much less intense expression rather than a small number of genes that are strongly
expressed (16). In the present study, GWAS (genome-wide association study)
analysis was used to investigate the contribution of several genes to mastitis
resistance variability. As a result, multiple significant SNPs determined at the
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significance level of p < 0.001 were identified. The locations of the associated SNPs
were different for lactations 1-3, suggesting that the effect of markers depends on
the lactation rank.
Materials and methods
Sample collection. For the GWAS analysis, milk samples and DNA
sampleswere collected from BM and BR cows, in lactations 1-3. All studied animals
were included in the Official Control of Milk Production (COP) and followed the rules
of COP (4, 6).
The collection of samples from related animals was avoided as much as
possible following the information in their pedigree. After collection, all samples were
transferred to the laboratory and stored at 4°C until processing. The biological
material consisted of hair follicle samples that were subsequently used for DNA
extraction and 50K SNP genotyping.
Phenotypic data processing. Data quality control and formatting were
applied in processing of the phenotypic data (number of somatic cells). Through this
approach, extreme values were eliminated and only data corresponding to rank 1, 2
or 3 lactations were retained for each animal. For the calculation of the SCS value
(somatic cell score), the following formula was used:
SCS = log2 (SCC / 100) + 3
with SCC was the somatic cell count, expressed in units of 1,000 cells / ml.
This formula is also used to compute the SCS in several other countries, including
Canada, New Zealand, France and Germany.
SNP genotyping
A 50K SNP microarray chip (Axiom BovMDv3) was used for SNP
genotyping, which includes a total of 63,988 SNPs. The 50K SNP chip includes a
high percentage of SNP markers that are found distributed on all chromosomes (Fig.
1). SNPs selected for the chip originated from two sources. The average call rate
that refers to the number of usable SNP markers is over 99%. The SNP locations for
the 50K chip used were based on the entire UMD3.1 genome (17) or downloaded
from Ensembl and contained gene information, gene ID and symbol, start position,
stop position, chromosome orientation and gene description.
Analysis of SNP markers. To perform the GWAS analysis, the database
produced from this project (50K SNP for 96 animals) was concatenated with a preexisting database. A preliminary study was performed on a total number of 412 cows
from the BR (N = 335) and BM breeds (N = 77) from the farm belonging to SCDCB
Arad. Results obtained after genotyping with Axiom BovMDv3 were analysed with
several specialised software packages, such as: VCFtools v0.1.16, BCFtools v1.9,
PLINK v1.90b6.16 and fastSTRUCTURE v1.0.
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Fig. 1. Distribution of SNPs on chromosomes. (Axiom Bovine Genotyping v3
Array, ThermoFisher)
The first stage of the analysis was to perform the quality control of SNP
genotype data to generate a report on the individual and each SNP marker in order
to eliminate individuals and SNPs with insufficient genotyping quality. As a result of
the quality control, individuals with a call-rate of less than 90% and SNP markers
with a call-rate of less than 95% or minor allele frequency (MAF) of less than 95%
(MAF <0.05) were eliminated. Markers that did not pass the quality control were
removed, leaving a number of 41737 markers used in this study.
Next, we proceeded to detect the population structure represented by
genotyped individuals of both breeds. For this purpose, the fastSTRUCTURE
software package was used, which requires the choice of a number of
subpopulations in which individuals are analysed. Therefore, a range of values for
the number of subpopulations (denoted by K) between 1 and 20 was tested, with the
most probable real number of subpopulations within the analysed individuals to be
between 2 and 8. The corresponding subpopulations were represented graphically
with K = 4, with individuals grouped according to the breed, in Fig. 2. The population
structure was also analysed by Principal Component Analysis (PCA) of genotyping
data. The results obtained using PCA showed clear structure division in the analysis
of animals from the two breeds of cattle that made up the study population. In the
dispersion diagrams of PC1 / PC2 and PC1 / PC3 the animals are colored according
to breed (Fig. 3).
Analysis of SNP polymorphisms associated with SCS. Studies to date
have shown the existence of several genes / genetic variants that are associated
with mastitis resistance in cattle. Numerous candidate functional genes could be
involved in directions of the disease and in susceptibility and mastitis resistance. In
2012, Meredith et al. (9) reported localised SNPs on Bos taurus autosome (BTA)
chromosomes 6, 10, 15, and 20 as being significantly associated with SCS in
Holstein breed cows. Associations of SNPs with clinical mastitis and SCS have been
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reported in cattle on BTA 6, 13, 14, and 20 by Sahana et al. (12). Recently, GWAS
studies conducted by Welderufael et al. (16) identified significant SNPs on BTA 3, 7
and 15 and studies performed in Holstein breed cows showed that genetic variants
of SNPs located on BTA 2, 14 and 20 have an influence on clinical mastitis (13).

Fig. 2. Population structure grouped into newly assigned populations. Graphics
obtained with the fast STRUCTURE program

Fig. 3. Population structure from PCA analysis. The population structure is
presented in the form of paired graphs of the first three main components (PC)
with coloured dots that define the breed of the animals
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Results and discussions
The genome-wide association study (GWAS) focuses on the associations
between SNPs and different characters (1). In the present analysis, the study was
implemented using the GWAS function from the rrBLUP v4.6.1 software package for
the R language. Seven GWAS studies: one for all lactations / breed and separately
for each available lactation rank (lactations 1 and 2 in BM breed, lactations 1-3 in
BR breed). For the BM breed, a relatively small number of animals was analysed,
and only lactations 1 and 2 were available with lactation 3 having too little data to be
considered. The following fixed effects were also included in the statistical model:
the year of birth of the cow, the combination of the year and the calving season
(summer / winter, corresponding to April-September and October-March,
respectively), the rank of lactation (1 - 3) and the number of days in milk with the
following thresholds: 1-100; 101-200; 201-300; > 300. The genome-wide association
study was performed for a significance threshold set at P < 0.001 and the genes
closest to each significant SNP were identified. Manhattan plots for SCS are shown
in Figures 4 – 10, where the X-axis represents chromosomes and the positions (in
bp) of SNPs inside the chromosome, and the Y axis represents −log10 (P value) for
each SNP.

Fig. 4. Manhattan chart of the Genome Association Study (GWAS) for SCS
using Axiom BovMD v3 in BM cows / all lactations
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Fig. 5. Manhattan chart of the Genome Association Study (GWAS) for SCS
using Axiom BovMD v3 in BM cows / lactation 1

Lactation 1+2

Table 1
Significant SNPs identified by GWAS and the closest candidate genes
in BM animals
SNP

Chr.

Position
(bp)

AX-115102491
AX-106759939
AX-115099474
AX-185121908
AX-117085353
AX-106728922
AX-171452576
AX-106736985
AX-106732566
AX-171455147
AX-124381854
AX-115115419
AX-106739492
AX-124381066
AX-106729835
AX-124380836
AX-124387590
AX-106760319
AX-106747925
AX-106746563

3
3
3
7
4
7
20
7
3
28
3
17
7
7
3
7
9
3
24
7

64559579
84910227
84938304
35889204
27509584
34633456
39946433
98680293
64772318
37551351
85429665
5627803
105987605
105963598
67632435
36526130
103671451
84764797
55980406
66254499

P val. OverAnterior
Posterior
ID SNP
X.
lapped
gene
gene
log10 gene
4.28
--3.63
rs43356825
3.63
rs43348336
3.59
LOC540403 rs208291839
3.5
TWIST1
HDAC9
rs41590313
3.46
--3.39
rs110148091
3.37
ERAP2
CAST
rs109212458
3.34
--3.29
rs42146133
3.25
LOC530929 NFIA
--3.24
FBXW7
rs110166763
3.23
LOC101906022 --3.23
LOC101906022 --3.22
PIGK
NEXN
rs109629603
3.21
DTWD2
--3.18
LOC788572 SFT2D1
rs110139854
3.16
--3.15
TXNL1
TCF4
--3.14
NMUR2
rs41628126
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AX-115110667
AX-106740347
AX-106744159
AX-115113619
AX-124381852
AX-124382417
AX-106748236
AX-106733653
AX-106725976
AX-106725689
AX-115116460
AX-115119181
AX-106748433
AX-115102491
AX-124380236
AX-106755339
AX-185117864
AX-106754284
AX-171438781
AX-106728313
AX-106748672
AX-106744117

14
7
16
1
1
1
10
20
26
2
19
7
17
3
15
7
28
15
10
7
24
20

5299449
107837688
47741821
40495849
40589118
40656841
64419396
20090288
24446490
37156818
60407194
19827852
5394041
64559579
48628725
90080630
16234816
47494237
97842171
39110034
42762598
5392124

3.13
3.11
3.09
3.09
3.09
EPHA6
3.09
3.08
MIR147
3.07
3.04
3.03
RBMS1
3.03
3.03 LONP1
3.01
FBXW7
3.37
3.3
LOC613909
3.25
RASA1
3.13
CCDC6
3.11
LOC511570 TAF10
3.1
FLRT2
3.04
3.03
TWSG1
3.01
STC2

----rs109663098
rs41567591
rs42587534
rs41664126
--rs41638374
--rs109187445
--rs41656925
rs41828267
------rs132833794
rs41632734
rs383071656
rs42485846
rs110567707
---

Table 2a
Significant SNPs identified by GWAS and the closest candidate genes
in BR animals – Lactations 1-3

Lactation 1-3

SNP
AX-106740386
AX-124378376
AX-106733966
AX-106745640
AX-168291892
AX-117082687
AX-106748906
AX-115102495
AX-115111284
AX-115102747
AX-106749115
AX-171469526
AX-106747924
AX-124376092
AX-106722320
AX-124375825
AX-115099107
AX-106733419

Chr.

Position
(bp)

12
19
12
23
18
25
18
2
2
1
23
19
15
12
2
15
2
16

26883203
43998116
35638450
50971212
13882444
24545460
13857900
41332471
41304807
98602410
41700829
7299198
24328172
78694446
11597319
9
48534829
12014877
6
51769893

P val.
X.log10
4.5
4.3
4.28
4.1
4
3.99
3.96
3.91
3.91
3.85
3.83
3.67
3.66
3.55
3.52
3.52
3.52
3.46
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Anterior
gene
STARD
13
PYY

Posterior
gene
SAO
NQO2

C25H16
orf82
IL17C
KCNJ3
KCNJ3
RNF182

CHRNG

FBXO31

PRKCI
MYLIP
PCTP
NCAM1
MBNL2

ID SNP
rs41575969
--rs109436996
--rs135459791
rs110729266
----------rs133623891
rs41581320
rs110643661
--rs41576192
rs110833987
---

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA
SNP
AX-106760672
AX-106728793
AX-106720979
AX-106735885
AX-115120561
AX-185112615
AX-106736966
AX-106724230
AX-168296562
AX-117115717
AX-117081511
AX-117081959
AX-106738968
AX-106730168
AX-124349339
AX-106758772
AX-185118172
AX-106739668
AX-106741325
AX-124375484
AX-169466099
AX-185116691
AX-117087532
AX-115107516
AX-124377143
AX-106727437

Chr.

Position
(bp)

24
8
21
4
29
15
25
24
18
24
15
19
22
18
21
7
29
18
12
12
12
24
16
28
17
4

27475390
91852447
19658065
11088420
7
19837339
44080354
24565008
27601646
13907495
53636536
24157816
7682826
35385782
12988265
48778636
19084659
19778453
13839646
29562851
78728978
29867499
19405836
51118732
37624697
20455179
98016975

P val.
X.log10
3.44
3.41
3.36
3.36
3.32
3.29
3.26
3.26
3.24
3.18
3.17
3.15
3.14
3.12
3.1
3.07
3.06
3.06
3.05
3.04
3.03
3.03
3.03
3.01
3
3

Anterior
gene

Posterior
gene

LOC524642
C25H16
orf82

LOC527335
LRIG1

IL17C
MIR229
9

PAK1
FBXO31
BRCA2
MBNL2

LRRC47
PCDH1
8

SLC7A11

ID SNP
rs41614164
--------rs208615914
--rs41577023
rs110006092
rs135987193
rs41747334
rs109134073
rs109363525
--rs42721237
rs41629274
rs137431441
rs110754697
--rs109644978
rs211353486
rs109479000
rs43720246
--rs109580107
rs110275975

Table 2b
Significant SNPs identified by GWAS and the closest candidate genes in BR
purebred animals – Lactations 1 and 3

Lactation 1

SNP
AX-106764695
AX-106747924
AX-106734889
AX-106745770
AX-169413304
AX-106754126
AX-117079484
AX-185120727
AX-115102031
AX-106755462
AX-106728872
AX-117115717
AX-106736706
AX-115104641
AX-185117972

Chr.
1
15
7
12
18
27
18
5
11
24
7
24
16
24
28

Position
(bp)
56294040
24328172
64199993
77315938
17383886
17759823
17380989
4062377
43385446
28425789
82510435
53636536
60527452
28400451
3128793

P val.
X.log10
4,01
3.9
3.69
3.66
3.65
3.64
3.6
3.34
3.31
3.29
3.25
3.24
3.19
3.19
3.17
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Anterior
gene

FAT2
ZNF423
MIR239
8
ZNF423
GLIPR1
L2

LOC100
299281

Posterior
gene
NCAM1
SLC6A7
CLDN10
ABCC11
ABCC11
ATXN7L3B

ASTN1

ID SNP
--rs41581320
----rs41867692
rs41645677
rs41867687
rs383824503
rs29014004
rs42045775
rs43527554
rs135987193
----rs385917782

Lactation 3
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AX-115103843
AX-106758772
AX-106745640
AX-106738164
AX-171448256
AX-115119795
AX-185113232
AX-185119177
AX-115111284
AX-106764923
AX-115109852
AX-106733966
AX-117079536
AX-124344212
AX-171452866
AX-106745124
AX-106740386
AX-106745154
AX-106757849
AX-106734288
AX-106734346
AX-117087363
AX-106740191
AX-185114043
AX-106722243
AX-106738824
AX-124381568
AX-171471886
AX-117085621
AX-115116922
AX-106748611
AX-185119690
AX-168428627
AX-185119679
AX-106764334
AX-106751756

18
7
23
24
17
1
16
3
2
5
19
12
16
21
3
2
12
2
2
8
6
16
16
19
7
13
19
3
16
28
16
3
24
3
27
7

18145718
19084659
50971212
60432726
8653303
74253662
72136367
10775504
3
41304807
10045264
7
8363016
35638450
12130589
49849644
50536532
10590061
9
26883203
61527377
12542603
6
7383352
85527109
26054300
4305200
12833445
81254927
78238893
18054584
50420787
25689363
32629221
21613370
82659017
20846459
81079545
29650426
22114622

3.17
3.13
3.09
3.09
3.05
3.05
3.02
3.02
4.42
4.08
4.03
3.68
3.67
3.66
3.57
3.49
3.39
3.36
3.34
3.28
3.27
3.27
3.21
3.21
3.17
3.17
3.16
3.14
3.14
3.1
3.09
3.07
3.06
3.03
3.03
3.02

MANEA
L
KCNJ3
KLRF2

NQO2
LOC529488
DCLK2
HES1
PROX1
NT5C1A
LOC618565
DGKE

SEC23A
SMARCAL1
STARD
13
SNHG1
2
LOC100
138004
LOC515
150
LOC101
905951

LOC785761
GMEB1
FBXO8
GNRHR
DUSP10
SLC26A9

C16H1orf11
5
ESRRG
EFCAB7
JAK1
DUSP26

--rs41629274
--rs110445166
rs382126664
rs110228411
rs110030731
rs43364600
--rs110140725
--rs109436996
rs41623175
rs109951137
rs208008626
rs109564752
rs41575969
--rs109771802
rs43539417
--rs110714775
rs41789137
rs379390561
----rs41909219
rs379814155
rs111029343
----rs42643349
--rs109401320
rs41596564
---

Table 2c
Significant SNPs identified by GWAS and the closest candidate genes in BR
animals – Lactation 2

Lactation 2

SNP
AX-106736966
AX-124385680
AX-28520527
AX-106730168
AX-106734126
AX-168296638
AX-169481483

Chr.
25
1
19
18
4
24
10

Position
(bp)
24565008
14023603
6
23798617
12988265
16514414
61209926
11311372

P val.
X.log10
3.96
3.85
3.8
3.75
3.74
3.71
3.61

120

Anterior
gene
C25H16
orf82

PHLPP
1
STYX

Posterior
gene

RPA3
CDH20
SERINC5

ID SNP
--rs110933106
----rs43709382
rs133599605
rs43613168
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AX-106728583
AX-185116426
AX-117082687
AX-124379149
AX-106729948
AX-185117093
AX-106735346
AX-106761923
AX-106744035
AX-115099030
AX-106764053
AX-124382396
AX-106742448
AX-106771463
AX-124347702
AX-115104062
AX-106728149
AX-106728653
AX-106729526
AX-106721240
AX-117085143
AX-185112904
AX-124380060
AX-106745640
AX-168428627
AX-106725205
AX-185116676
AX-106757713
AX-106737119
AX-106758043
AX-185117471
AX-115112102
AX-106724630
AX-117081597
AX-115119836
AX-106731882
AX-106749563
AX-117079800
AX-106738326
AX-124382677
AX-106739517
AX-124381381
AX-106751558
AX-106763173

24
23
25
16
24
25
10
25
20
19
24
2
24
14
2
12
17
2
22
2
16
16
25
23
24
8
24
4
17
26
26
2
5
24
25
12
22
11
24
16
6
22
17
24

22300490
23074591
24545460
15710360
4608171
22737527
8842386
22320002
62150836
35253851
18248989
12122982
4
48284745
19089297
12119709
6
63529009
67271374
10765767
5
7077833
12112516
9
15972455
15969587
12359174
50971212
20846459
71825576
17199709
10018347
2
67345189
43981400
43974817
10768170
0
66577741
17179801
35713510
7660934
5579646
14250458
20823403
19376488
10651712
2
61069286
8439080
58983505

3.61
3.61
3.59
3.56
3.56
3.54
3.53
3.49
3.48
3.4
3.39
3.38
3.38
3.34
3.32
3.28
3.27
3.27
3.26
3.25
3.22
3.22
3.22
3.21
3.2
3.18
3.16
3.14
3.12
3.11
3.11
3.07
3.05
3.05
3.05
3.03
3.03
3.03
3.03
3.02
3.01
3.01
3
3
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TFAP2
B
C25H16
orf82
NETO1

CRISP2

DIPK1C
IQGAP2
CACNG3

PTMA
ATAD2

KIAA16
71

CORO1C

PTMA

MIR193
B

CPPED1
NQO2
NKX3-1

ABRAX
AS2
ABRAX
AS2

HMX3
HMX3

DTX2
GADL1

MC4R

SEC61A1
DCLK2
GRP

--rs109103533
rs110729266
rs41635384
--rs207780975
----rs110091118
rs109182853
--rs29022958
rs110603682
--rs110564292
--rs109615755
rs43317360
rs29023397
--rs137704888
rs109239782
rs110542322
------rs132716200
--rs109873530
rs109412361
rs110489517
rs41644229
rs109297640
rs41644360
--rs41617236
rs41993977
rs110529172
rs109488489
rs41627669
--rs43505889
--rs109160974
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Fig. 6. Manhattan chart of the Genome Association Study (GWAS) for SCS
using Axiom BovMD v3 in BM cows / lactation 2

Fig. 7. Manhattan chart of the Genome Association Study (GWAS) for SCS
using Axiom BovMD v3 in BR breed cows / all lactations
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Fig. 8. Manhattan chart of the genome-wide association study (GWAS) for SCS
using Axiom BovMD v3 in BR breed cows / lactation 1

Fig. 9. Manhattan chart of the genome-wide association study (GWAS) for SCS
using Axiom BovMD v3 in BR breed cows / lactation 2
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Fig. 10. Manhattan chart of the genome-wide association study (GWAS) for SCS
using Axiom BovMD v3 in BR breed cows / lactation 3
Following the GWAS analysis, the significant SNPs associated with mastitis
in the BM (Table 1) and BR (Table 2) breeds were identified. Candidate genes were
identified by checking the positions of significantly associated SNPs. The location of
SNPs within a gene or at 1Mb upstream or downstream around another gene was
checked using the Ensembl database. The positions of SNP markers were based on
the whole Bos taurus UMD3.1 genome.
The significance level of p < 0.001 was applied to determine the significant
genome association of SNP markers with mastitis. For the BM breed, with a small
number of animals analysed, no significant SNPs were detected for lactation 2.
Significant associations of several SNP markers with BTA3 (7 SNPs) and BTA7 (9
SNPs) for mastitis were detected in this breed for all lactations. Significant
associations of SNP markers on BTA3 (one SNP) and 7 (2 SNPs) was also detected
for lactation 1 separately, where a total of 9 significantly associated SNPs were
observed. The results obtained in the BR breed showed that some of the SNPs
significantly associated with mastitis were found in the chromosomes that are
frequently reported in the literature for their association with mastitis in various
breeds of cows. In both breeds studied, most significant association signals obtained
in all lactations and separately in each lactation, detected on the same chromosome,
did not overlap, suggesting that the genetic determination of mastitis could also
depend on the rank of lactation.
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Conclusions
This study reports some associations of SNP markers with mastitis in BM
and BR cows in Romania.
The locations of the associated SNPs were different for all studied lactations
suggesting that the effect of markers depends on the lactation rank.
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BIOCHEMICAL COMPOSITION OF INDIGENOUS AND IMPORTED
TROUT (ONCORHYNCHUS MYKISS) AND
SALMON (SALMO SALAR)
MOCANU E., SAVIN V., POPA D.M., STROE D.
Institute of Research and Development for Aquatic Ecology, Fishing and Aquaculture
of Galati, 800211, 54 Portului St.,Galați, Romania
E-mail: icpmocelena@yahoo.com
Summary
As wild fish are a finite resource, the role of aquaculture in providing the necessary fish per capita
is becoming increasingly important. Atlantic salmon (Salmo salar) and rainbow trout
(Oncorhynchus mykiss) are species of interest to Romanians, rich in omega-3 polyunsaturated
fats and a good source of protein, while being low in calories and saturated fats. The purpose of
this study was to examine and compare the biochemical composition, respectively the nutritional
value, of Atlantic salmon and rainbow trout obtained from Romanian aquaculture and from import,
that can be found on the Romanian market. The results of this study confirm similarities regarding
the biochemical composition of salmon obtained in Romanian aquaculture with wild Atlantic
salmon. Rainbow trout bred in trout farms in different areas in our country, can be considered a
valuable food source for human consumption.
Keywords: Salmo salar, Oncorhynchus mykiss, biochemical composition

Consumer interest in foods with health benefits has increased. As wild fish are
a finite resource, the role of aquaculture in providing the necessary fish per capita is
becoming increasingly important.
Atlantic salmon (Salmo salar) and rainbow trout (Oncorhynchus mykiss) are
species of interest to Romanians, rich in omega-3 polyunsaturated fats and a good
source of protein, while being low in calories and saturated fats.
Salmon (Salmo salar) and rainbow trout (Oncorhynchus mykiss) are part of the
salmonid family (Salmonidae) and are fish of great economic value.
Trout is a fresh water fish, while salmon is anadromous (which lives in the sea,
but during reproduction migrates in fresh waters).
The purpose of this study was to examine and compare the biochemical
composition, respectively the nutritional value, of Atlantic salmon and rainbow trout
obtained from Romanian aquaculture and from import, that can be found on the
Romanian market.
This study provides valuable information about the biochemical composition,
respectively the nutritional value of the fish for consumption, enabling the consumer to
make informed choices, and producers to improve technologies in order to obtain quality
and safe products for the consumer.
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Materials and methods
Depending on the origin, indigenous or import, two batches of salmon (Salmo
salar) and two batches of rainbow trout (Oncorhynchus mykiss) were analyzed.
Farmer H 111, NT 167, ST 423 type import salmon, was delivered refrigerated
from Norway. It was transported in heat-sealed bags and stored in thermal insulation
boxes filled with ice.
Indigenous salmon was obtained from an embryonic spawning sturgeon fish
farm purchased from Norway. Norway being one of the largest producers of salmon has
regulations regarding the use of antibiotics in sturgeon breeding in aquaculture (15), this
being a matter of interest.
Frozen imported trout was selected from the options available in grocery stores,
the supplier being a farm in Turkey.
The analyzed indigenous trout was represented by trout grown in recirculating
system in a lowland area of SE Romania and trout grown in land basins in a trout farm
located in NE Romania, in the Bistrița River Basin, fed by its tributaries.
The water analysis was carried out according to the work protocols established
in the standard methods of surface water analysis (12).
The analysis of meat samples was performed using the procedures indicated
by the standard methods of analysis of fish meat.
To control the concentration of ABVT (nitrogen content of volatile nitrogenous
bases), the distillation of deproteinized extract by perchloric acid was used as a
reference method.
The moisture was determined by Standard Official Methods of the AOAC
(1990). The total ash was determined by Furnace Incineration described by AOAC
(1990). The crude proteins content of the samples was determined using the Kjeldahl
method of AOAC 17th edition, 2000, Official Method 928.08 Nitrogen in Meat
(Alternative II), which involved protein digestion and distillation, where F (conversion
factor), is equivalent to 6.25 (16).
The total fats were determined using the Soxhlet method, equipped with
Gerhardt Brand Multistate Controller, with modified ether extraction methods AOAC
960.39.
Statistical analysis
All analyses were performed in triplicate from the average sample. Data are
presented as mean ± standard deviation (SD). Comparison of several samples was
done using the ANOVA test - Single factor followed by T test. Significance was defined
as p<0.05.
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Results and discussions
Physico-chemical analyses of water
Water quality is an important factor affecting the health and performance of fish
in aquaculture production systems.
The power supply for the recirculating salmon and trout farming system is a
drilled well. The analysis of water physico-chemical parameters in the supply source
can be found in Table 1 and demonstrates much higher values than the allowed values
for hardness, alkalinity but especially of chlorides which are approximately 20 times
higher than the allowed limits. These values are explained by the presence of a saline
and alkaline soil, characteristic of the area where the farm is located. These exceeded
values were favorable to the growth of salmon, being an anadromous fish.
From a physico-chemical point of view, the water source for trout reared in soil
basins supplied with river water, corresponds to the physiological needs of the species
(Table 1) (10).
Table 1
The values of the physico-chemical parameters of the water in the supply
source for the growth of salmon and trout

Analyzed
parameters

Dissolved
oxygen
Ph
Ammonia
Amonium,
(N-NH4+)
Nitrites,
(N-NO2)
Nitrates,
(N-NO3)
Total hardness
Alkalinity
Bicarbonates
(HCO3-)
Carbonates
(CO32-)
Calcium
(Ca 2+)
Magnesium
(Mg 2+)
Ca 2+/Mg2+
Chloride
(Cl -)

U.M.

Water source
Water
for salmon
source
and trout
for trout
reared in
reared in
recirculating
soil ponds
system

Acording Bud.
I., 2007 for
salmonids

Maximum values
Maximum
allowed
values
according to
allowed by
Order no.
the
161/2006 for the
specialized
Average Limits
second quality
literature
class

mg/l

6.63±0.85

7.45±1.65

11

3–20

uPh
mg/l

7.50±1.11
0.01±0.002

7.34±1.30
0.005±0.002

7.5
<0.5

7–8
-

mg/l

0.35±0.12

0.15±0.08

10

15
6.5-8.5

-

0.2

2

-

-

0.03

-

mg/l

0.015±0.002 0.022±0.003

<1

mg/l

0.25±0.025

0.10±0.025

<0.5

-

3

-

dGH
ml

32.44±1.65
15.53±1.15

9.7±1.95
1.95±0.5

10
-

8–16
-

-

20
6

-

-

-

600

mg/l

265.22±13.10 122.2±15.0

mg/l

Not present

Not present

-

-

-

20

mg/l

128.32±5.25

26.7±2.40

-

-

100

160

mg/l

98.12±3.45

3.50±1.4

0.8

0.6–1.0

50

50

1.30±0.6

7.62±2.01

-

-

-

5

mg/l

918.5±10.33

0.53±0.02

<5.0

-

50

40
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The biochemical composition
Freezing and refrigeration are operations that extend the fish shelf life. For fish
imported frozen (trout) or chilled (salmon), the freshness has been verified by analysis
of volatile compounds such as trimethylamine and easily hydrolyzable nitrogen,
products formed as a result of the destructive activities of microorganisms and are
considered freshness indicators for quality monitoring of aquatic products (Table 2).
Table 2
Chemical parameters that describe the freshness of imported
salmon and trout
Biochemical parameters
TVB-N
Total volatile basic nitrogen
TMA-N
Trimethylamine nitrogen

UM

Reference standard

mg/100g

STAS 6513 – 78, Ord.
MAAP 191/20010.45

mg/100g

STAS 6513 - 78

Farm salmon,
imported from
Norway

Farm trout,
imported
from Turkey

14.59±1.07

10.23±0.98

0.24±0.09

0.15±0.03

The imported specimens were subjected to laboratory examination to control
the parameters that characterize the freshness according to ORDER no. 329 of July 25,
2002 of the Minister of Agriculture, Food and Forests for approval of the Veterinary
Sanitary Norm on veterinary sanitary conditions for production and marketing of fishery
products (17). The values obtained for these parameters are in accordance with the
species and legal provisions in force and in accordance with the national procedure.
According to the Decision of the European Commission (95/149 / EC) and Commission
Regulation (EC) No 2074/2005 and STAS 9736-85 / A1: 1997, the maximum
permissible value of easily hydrolysable nitrogen for frozen fish (Salmo salar) is 35 mg
nitrogen / 100 g frozen ocean fish (17).
The specimens selected for biochemical analysis have similar weights so that
the results can be comparable.
Fish is one of the most valuable sources of high quality protein available to man,
therefore a profile of its composition is essential for the consumer.
Fish protein is an easily digestible protein with a high biological value and
contains all the essential amino acids in the required proportion. In addition, fish protein
is rich in nonprotein amino acids (taurine), which has a unique role in neurotransmission.
The amount of protein in salmon reared in recirculating system in Romania is
2.52 g% higher compared to the amount of protein identified in imported salmon (Table
3).
The protein content of salmon reared in Romanian aquaculture (19.86 ± 0.54
g%) is significantly higher than the protein of salmon fed diets in which fishmeal has
been replaced with vegetable proteins (4).
The fat content of salmon reared in recirculating system in Romania differs
greatly (6.89 g%) compared to the fat content identified for imported salmon, the latter
being 3.11 times fatter (Table 3).
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Salmon reared in Romania had a lower lipid concentration (3.26 ± 0.18 g%)
than farm salmon (16.6%) and higher than wild salmon (6.4%) analyzed by Coreen et
al. (5).
The biochemical composition of salmon obtained in Romanian aquaculture is
similar to that of wild Atlantic salmon (8).
The biochemical composition, respectively the accumulation of lipids and
proteins in salmon meat is directly proportional to the intake of lipids from the feeding
diets, a finding made by Øyvind at al. (11) analysing the lipid content of salmon fillets.
As the fat content increases, the water content decreases and vice versa. The
sum of the two components (moisture and fat) is quite constant at about 80%.
The energy value of salmon reared in Recirculating Aquaculture Systems (RAS)
- Romania is lower, the product can be used in low calorie diets.
Table 3
The composition of farmed salmon from Romania and imported farmed salmon
Biochemical
parameters

Salmon indigenous reared
in RAS
(5 samples)
0.980±0.32
75.71±0.35
19.86±0.54
3.26±0.18
0.975±0.03
3.81±0.13
111.74

Salmon of import
(Norvegia)
(5 samples)
1,156±0.28
71.55±0.45
17.34±0.15
10.15±0.57
0.81±0.21
4.31
165.48

Weight, (g)
Moisture, (g%)
Proteins, (g%)
Fats, (g%)
Ash (g%)
M/P
Energy value** kcal/100g
*M/P= Moisture, (g%) / Proteins, (g%)
**calories conversion factors used; for proteins 4.1 kcal/g; for lipids 9.3 kcal/g; for carbohydrates 4.1 kcal/g.

After the moisture, protein and fat content, the next constituent of fish meat is
ash. Fish meat is a good source of minerals, being bio available, which means that they
are easily assimilated by the human body. The amount of ash is similar for all analyzed
specimens regardless of origin.
The salmon specimens obtained in Romanian RAS have similar fat
concentrations to those identified by Stefanie and Mazal, in 2020, analyzing specimens
of wild salmon from the Pacific (13). Fish fat provides much of the energy and essential
fatty acids for human diets (2).
Data referring to the biochemical composition of imported and indigenous trout
are presented in Table 2. The results clearly indicate that there are no variations of the
main biochemical constituents.
The maximum moisture content of 76.98% was found in imported trout, but the
differences are insignificant (P>0.05) between imported and indigenous trout. The
values are similar to those identified by Imtiaz A. et al. (7) studying the influence of
protein diets on the biochemical composition of rainbow trout, Oncorhynchus mykiss
grown in the Himalayan Indian region.
It was found that the protein content varied from 18.05 ± 0.25 g% for imported
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trout, to 18.65 ± 0.52 g% for trout reared in soil ponds and to 18.89 ± 0.75 g % for trout
reared in RAS, the differences being insignificant (P> 0.05) between imported and
indigenous trout. All three values are significantly lower than the protein concentration
in trout meat reared in a tropical area (6).
The ratio between humidity and protein concentration has a lower value for
salmon reared in RAS, which highlights a better state of maintenance and a high
nutritional value (3).
The highest fat content of 3.54 ± 0.25 g% and 3.55 ± 0.25 g% was observed for
indigenous trout reared in RAS and imported trout, while for trout reared in soil basin
the value was 3.05 ± 0.23 g%, the differences between the analyzed samples being
insignificant (P> 0.05), but significantly smaller than the trout reared in a tropical area
(5.46-8.70) (6).
Table 4
The composition of trout farmed in Romania and imported farmed trout
Biochemical
parameters

Indigenous trout
RAS
Soil basin
(5 samples)
(5 samples)
0.31±0.95
0.28±0.85
76.50±0.41
76.86±0.95
18.89±0.75
18.65±0,52
3.54±0.25
3.05±0,23
1.13±0.03
1.35±0,15
3.97±0,19
4.12±0,41
110.32
104.83

Import trout
(5 samples)

Weight, (g)
0.24±0.95
Moisture, (g%)
76.90±0.65
Proteins, (g%)
18.05±0.25
Fats, (g%)
3.55±0.25
Ash (g%)
1.37±0.21
M/P*
4.26±0.2
Energy value** kcal/100g
107.02
*M/P= Moisture, (g%) / Proteins, (g%)
**calories conversion factors used; for proteins 4.1 kcal/g; for lipids 9.3 kcal/g; for carbohydrates 4.1 kcal/g.

The trout meat analyzed in the present study has a fat concentration similar to
that identified by Velichkova et al. (14), but a protein concentration lower by 3.5%.
Compared to Koshinski et al. (9), the protein concentration is similar, but the fat is found
in a lower concentration.
After analyzing the biochemical composition of rainbow trout meat, with variable
growth conditions, it can be concluded that the type of growth did not lead to significant
changes for any of the biochemical compounds analyzed. The same conclusion was
reached by Cretu et al. (1) analyzing the biochemical composition of trout grown in
different densities.
Rainbow trout (Oncorhynchus mykiss) and sea trout (Salmo trutta) are species
that are cultivated in Romania, while salmon farming is experimental, being a species
that is not cultivated in our country according to FAO Fisheries & Aguaculture Romania.
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Conclusions
This study confirms similarities regarding the biochemical composition of
salmon obtained in Romanian aquaculture with wild Atlantic salmon.
Research on salmon reared in RAS Romania confirms obtaining a safe and
nutritious salmon available to Romanians in a sustainable manner.
Rainbow trout cultivated in our country, in the 2 presented variants - soil ponds
supplied with river water and RAS (Recirculating Aquaculture Systems) supplied with
water from a drilled well can be considered a valuable food source for human
consumption.
Research directions should focus on a better understanding of the acceptability
of farmed salmon production in Romania, as well as on the metabolism, health and
nutrition of farmed salmon fed on diets that improve the nutritional quality of fillets for
consumers.
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Summary
The aim of this study was to evaluate the risk factors and the prognostic value of some
clinicopathological parameters, which can be easily assessed in veterinary practice, in dogs
with acute renal failure managed with conservative treatment. Medical records of 29 dogs
diagnosed with acute renal failure between January 2014 and March 2020 were examined
retrospectively. Dogs were divided into survivors and non-survivors. Survivors were defined
as those that were alive after 30 days from diagnosis and the start of treatment. Non-survivors
died or were euthanized during 30 days from diagnosis of acute renal failure despite the
treatment. The analyzed and compared variables between dogs that survived and those who
did not survive were: age, comorbidities, associated complications, urea, creatinine,
phosphatemia, total proteins, albumin, amylase, lipase, alanin aminotransferase (ALT),
aspartat aminotransferase (AST), alkaline phosphatase (ALP), gamma glutamyltransferase
(GGT), erythrocytes, hematocrit, white blood cells and thrombocytes.The mean age of the
surviving dogs was significantly lower than non-surviving dogs and the magnitude of azotemia
at the time of diagnosis did not show significant differences between dogs groups. Older dogs
and those with a serum creatinine concentration greater than 10 mg/dl have an unfavorable
prognosis. The presence of concurent complications such as acute pancreatitis or severe liver
injury were associated with poor outcome. Low serum phosphate levels, early-stage ARF
diagnosis, and the absence of other organic complications may be positive prognostic factors.
Keywords: acute renal failure, dogs, blood parameters

Acute renal failure (ARF) is a syndrome characterized by the sudden
reduction of the glomerular filtration rate, leading to the accumulation of uremic toxins
in the body and to hydric, electrolytic and acid-base disturbances (1, 6). The major
causes of acute kidney injury in dogs are ischemia, infections, inflammatory process
or exposure to toxins (1, 5, 10). The ARF treatment involves elimination of the
underlying cause, correction of fluid, electrolyte and acid-base imbalances,
preventing and treating complications, correction of oliguria or anuria and nutritional
support (6, 10). The purpose of the treatment is to maintain homeostasis in order to
maintain the dogs alive for a sufficient period of time, thus creating a window of
opportunity for the kidneys to recover (1, 11). In dogs with ARF, the healing of renal
lesions and the recovery of kidney function depends on the etiology, severity of renal
injury, concurrent complications, comorbidities and available therapeutic
management (1, 8, 12). In general, the ARF treatment is expensive and timeconsuming, and the identification of forecasting factors from the moment of the ARF
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diagnosis would help both the clinicians and the owners. The aim of this study was
to evaluate the risk factors and the prognostic value of some clinicopathological
parameters, which can be easily assessed in veterinary practice, in dogs with acute
renal failure managed with conservative treatment.
Materials and methods
The medical records of dogs diagnosed with acute renal failure, between
January 2014 and March 2020 in the University Veterinary Clinics of Timisoara, were
examined retrospectively. This study included 29 dogs that were hospitalized and
whose clinical evolution was followed up until discharge or death. The biochemical
parameters of blood were determined from serum using Rx Daytona + automatic
biochemical analyzer (Randox), and the complete blood count was determined by
ProCyte Dx Hematology Analyzer (IDEEX).
Dogs were divided into survivors and non-survivors. Survivors were defined
as those that were alive after 30 days from diagnosis and the start of treatment. Nonsurvivors died or were euthanized during 30 days from diagnosis of acute renal
failure despite treatment. The analyzed and compared variables between dogs that
survived and those that did not survive were: age, comorbidities, associated
complications, urea, creatinine, phosphatemia, total proteins, albumin, amylase,
lipase, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), gamma glutamyltransferase (GGT), white blood cells,
erythrocytes, hemoglobin and hematocrit. In all dogs that had elevated serum
amylase and lipase levels, a specific canine pancreatic lipase test was performed.
The clinical variables included in this study were compared using the MannWhitney U test and p < 0.05 was considered significant. Statistical analysis was
performed using the computer program SPSS (Statistical Products of Services
Solution), version 20.
Results and discussions
All the dogs included in this study received medication, and the survival rate,
14 days after the ARF diagnosis, was 41%. The remaining 59% either did not survive
or were euthanized during treatment because the clinical condition did not improve
despite treatment. In the group of surviving dogs, 7 developed IRC and 5 were
discharged with normal serum creatinine values. The survival rate of dogs in this
study was lower than the overall survival rate of 50 % reported in literature (1, 11),
but close to what was found in a retrospective study carried out on 99 dogs, in which
57.6% of the dogs did not survive or were euthanized during the ARF treatment (14)
The average age of the surviving dogs was 4.33 ± 2.51 years, while in dogs
that did not survive was 9.66 ± 2.34 years, and the difference was significant. (Fig.
1). Similar results were reported by Cambournac et al. (3) which, in a study of 39
dogs with ARF treated by hemodialysis, found significantly difference in the average
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age of the dogs that did not survive compared to those that survived. Also, one study
reported that age is a risk factor for mortality in dogs with ARF (1), while another
study did not reveal this association (14).

Fig. 1. Average age of groups of dogs with ARF
The analysis of the presence of other diseases associated with acute kidney
disease revealed that in non-survivor dogs, acute pancreatitis and liver injury were
comorbidities found in a percentage of 41% (n = 7) and 35% (n = 6) respectively
(Fig. 2). In contrast, in the group of dogs that survived, only 25% (n = 3) had liver
injuries and only 16.6% (n = 2) had acute pancreatitis (Fig. 3). These findings are
consistent with the results of other studies that revealed that the link between acute
renal failure and acute pancreatitis was associated with poor outcome (7, 9).
With regard to renal function biomarkers it was observed that the average
value of serum creatinine was higher in non-survivors compared with survivors dogs,
but the difference was not significant (p < 0.05). The average value of serum urea in
non-survivors dogs (342 ± 218 mg/dl) was also higher than the one recorded in
survivors dogs (309 ± 151 mg/dl), but nevertheless the difference was not significant
(p < 0.05).
The serum phosphate concentration had an average value of 5.87 ± 0.72
mg/dl for the surviving dog group, while for the non-surviving dogs the mean value
was 10.02 ± 3.43. In both groups of dogs the phosphate concentration exceeded the
upper limit of the reference value and the difference between the mean values was
significant (p < 0.05).
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complications
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Acute
pancreatitis,

Acute
pancreatitis, 41%
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Hepatic
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Fig. 2. Diseases associated with ARF
in non-survivors dogs

Hepatic
injuries,
25%

Fig. 3. Diseases associated with ARF
in survivors dogs

Severe renal azotemia and hyperphosphatemia reflect the severity of kidney
dysfunction because they are associated with a substantial decrease in renal
function, and are, also, expected to be associated with failure to recover from ARF
(11, 13).Thus, one study found a link between the magnitude of azotemia and the
mortality rate (15), while in another study the magnitude of azotemia was not
associated with mortality but dogs that died had higher serum phosphorus
concentrations (2).
Serum enzyme activity that indicates liver injury, ALP/GPT and AST/GOT
respectively was 3-4 times higher than the upper limit of the reference values, and
the magnitude of the increase can be considered clinically important. Serum
AST/GOT activity was significantly higher in non-survivor dogs than in survivor dogs
(p = 0.05). Also, the serum activity of ALT/GPT recorded higher mean value in the
non-survivor dogs compared with survivor dogs, but the difference was not
significant (p > 0.05). This increase in serum hepatic transaminases activity could be
explained by the increased level of uremic toxins in the systemic circulation, which
can lead to toxic hepatocyte injury (1, 10).
Generally, the increase in serum transaminases activity is directly
proportional to the extent and severity of the hepatic injury (15). Consequently, it can
be concluded that in dogs that didn`t survive, liver injury was more severe than in
those that survived.
Serum amylase and serum lipase activity also showed clinically significant
increases, but the differences between the two groups of dogs were not significant
(p > 0.05). These can be explained, on one hand, by the increased incidence of
acute pancreatitis in the group of non-surviving dogs, and on the other hand, by the
decreased renal clearance of these enzymes, which are normally eliminated by the
kidneys, and the sudden decrease of renal function leads to increased serum activity
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for these enzymes (15).
Table 1
Descriptive statistics and the result of the ANOVA test on blood parameters
in dogs with ARF
Analyte

UM

Creatinine

(mg/dl)

All dogs,
(x±sx)
8.025

Urea

(mg/dl)

315.23

331.18±192.88

299.28±125.39

0.82

AST/GOT

(U/L)

151

190.98±78.18

111.02±76.06

0.05

ALT/GPT

(U/L)

139.35

145.43±105.28

133.28±95.17

0.86

GGT

(U/L)

6.64

8.57±7.35

4.71±4.57

0.85

ALP

(U/L)

498.33

596.98±491.57

381.68±451.77

0.34

Amylase

(U/L)

2311.66

2431.83±1469.80

2191.50±2320.93

0.47

Lipase

(U/L)

749.95

1262.00±607.68

237.90±66.56

0.01

Total protein

(g/dL)

6.99

6.56±0.62

7.43±1.48

0.89

Albumin

(g/dL)

2.82

2.44±1.25

3.21±0.64

0.37

Phosphatemia

(mg/dL)

15.32

18.74±2.65

11.90±2.14

0.04

Hemoglobin

(mg/dL)

16,48

4.07±1.29

15.63±2.71

0.37

Erytrocytes

(mil/ µl)

6.85

1.96±0.62

2.08±1.04

0.35

Hematocrit

(%)

45.48

11.61±3.67

16.28±8.14

0.24

3

3

Nonsurvivors,
(x±sx)
10.03±5.86

Survivors, (x±sx)

P Value

6.02±2.16

0.31

Thrombocytes

(x10 /mm )

219.85

162.53±51.40

220.26±110.13

0.18

Leukocytes

(x103/mm3)

16.42

13.31±4.21

7.24.±3.60

0.73

Hemogram analysis did not reveal the presence of anemia or polycythemia
in any groups of dogs in this study. The average values of the number of erythrocytes
were quite close, respectively 6.85 ± 1.35 mil/mm3 in the dogs that survived and 7.21
± 1.69 mil/mm3 in the dogs that didn`t survive. Also, the mean values of hematocrit
and hemoglobin were not significantly different between the groups of dogs. The
average leukocyte count exceeded the upper limit of the reference values in the
group of dogs that didn`t survive while in dogs that survived the number of leukocytes
was within normal limits.
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Conclusions
Acute renal failure in older dogs with a serum creatinine concentration
greater than 10 mg/dL may lead to a poor prognosis.
Associated disease, especially acute pancreatitis and severe liver injury
identified at the time of ARF diagnosis, may lead to an unfavorable prognosis.
Low serum phosphate levels, early diagnosis of ARF, and the absence of
other organic complications may be factors associated with an improved prognosis.
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Summary
Extrauterine pregnancy in humans and animals denotes a pregnancy occurring elsewhere
than in the uterine cavity. Neither in humans, nor in animals the causes and mechanisms
leading to an ectopic implantation of the oocyte are not always clearly defined. This paper
describes an extrauterine pregnancy of a 2 years old feral cat brought to the clinics for a
routine spaying. Prior to surgery, clinical, biochemical, hematological, and ultrasound
assessments were performed. Both abdominal palpation and ultrasound evaluation revealed
abdominal pain due to a hard mass found into the left abdominal cavity. Around three months
before this visit, the cat whelped eutocic three healthy kittens. During the surgery, one
extrauterine mummified fetus was found on the omentum, in the vicinity of the left ovary,
covered by a green dry mass. No complications were observed during the ovariohysterectomy
or after it. It was assumed to be an ectopic pregnancy due to uterine rupture.
Keywords: feline, extrauterine pregnancy

Extrauterine pregnancy (EUP), also called ectopic, is a pathological state in
which the embryos or fetuses can be located or even evolve outside the uterus.
There are two types of ectopic pregnancies described in literature: primary and
secondary (1).
Differentiation between primary and secondary EUP is often controversial
(1, 2) since secondary EUP is common in cats, due to trauma, wounds, and
consequent rupture of the uterus (8) and can be often misidentified as primary in
non-ovariohysterectomized cats (9).
Primary EUP is the result of fertilized oocyte attaching itself to the uterine
tube, peritoneum, omentum, liver, spleen or onto the outside part of the uterus (3).
According to recent scientific literature, a true primary EUP can occur only in
primates, including humans, rodents, and lagomorphs, because these animals
possess a discoid hemochorionic placenta that favors the development of primary
EUP (3, 4, 6). The invasiveness of such ectopic endometrial tissue is considered one
of the leading causes of ectopic pregnancies in humans, permitting the fetus to
develop to term without the mechanical support of the uterus (5).
Secondary EUP, is characterized in the initial development of the fetus in the
uterus followed by the repositioning of the fetus into the peritoneal cavity usually due
to injury or trauma (2).
Ectopic pregnancy is rarely diagnosed in veterinary medicine (2). The
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exception is the cat (10).
Case Presentation
A 2-year-old European shorthair cat was presented to the clinic for a routine
ovariohysterectomy. Prior to surgery a clinical, biochemical, hematological and
ultrasound assessments were performed. The cat was living mostly outside without
much supervision and the person that cared for her reported most anamnestic data.
The cat had multiple pregnancies, the latest one was 3 months prior to this visit in
which it whelped eutocic three healthy kittens. Biochemical and hematological
evaluations didn’t reveal any abnormalities. Clinical evaluation revealed abdominal
pain around a hard mass in the left abdominal cavity. The mass was identified by
palpation and by ultrasound assessment.
For induction of anesthesia, we used a combination of butorphanol,
medetomidine and ketamine in a single, intramuscular injection.
After a median laparotomy and identification of the uterus, we identified the
mass as a mummified fetus surrounded by a dry mass in close vicinity of the left
ovary (Fig. 1).
The cat uterus was small, normal sized, smooth surface, pink, without trace
of trauma, adhesion or scars. The cat was brought for postoperative evaluation two
weeks after the surgery and made a full recovery.

Fig. 1. Mummified fetus identified next to the uterus, attached by conjunctival
tissue
143

LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. LIV(4), 2021, TIMIŞOARA

Discussions
In contrast to primates, rodents and lagomorphs species that possess
adiscoid hemochorial placenta facilitating the development of primary ectopic
pregnancy, there is a lack of scientific evidence for presence of primary extrauterine
pregnancy in another domestic animals (3, 4). Clinical data reflect that the presented
case was a secondary ectopic abdominal pregnancy
It was deterimened that the age of the fetus was between 4-5 weeks given
it’s degree of developement and size (Fig. 2). Considering that the examined cat
gave birth to 3 healthy kittens 3 months prior, we can conclude that this fetus could
be from the same litter.It is possible that the cat suffered a traumatic episode during
it’s last pregnancy and only one of the fetuses was expelled into the peritoneal cavity.
We have no evidence of trauma but the close proximity from the uterus where the
fetus was identified, it is possible that a uterine rupture could be the cause.
The uterus was non reactive and the size of it was close to the average size
of a non-pregnant cat.

Fig. 2. The picture shows the fetus after extraction with the omentum still
attached (A) and after the detachment of omentum and other soft tissues (B)
According to most authors, ectopic pregnancy in animals is asymptomatic
and fetuses are detected accidentally (2, 4, 7). Diagnosis is mainly due to X-ray,
ultrasound and laparotomy (10).
Ectopic fetuses are usually aseptic (10) but nevertheless, this condition may
occur occasionally with symptoms as vomiting, anorexia, lethargy, haematuria,
pollakisuria, etc. (9). Symptoms resembling dystocia may be detected. It is not known
whether ectopic fetuses are the direct cause of certain clinical signs or observed
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clinical symptoms are the result of initial rupture of the uterus, secondary bacterial
contamination and absorption of biologically active substances (3).
Conclusions
Ectopic pregnancy in cats is a well known pathology and most of the time
it’s undiagnosed becuase of the high tolerance this species has for it.
The presented case show that even after a natural birth with no apparent
complications, it is possible for one or more ectopic fetuses to be present.
Even if there is no study that shows the prevalence of this pathology, there
are may reports of accidental findings of EUP in cat which show that this case is not
singular and there may be even more undocumented cases just like this.
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Summary
Chalkbrood disease is an invasive mycosis in Apis melifera bees caused by Ascosphera apis,
present more often in the European loca disease in bees. To establish a method for the
prophylaxis and control of the main mycosis affecting bee colonies, and at the same time to
valorize natural resources in the veterinary pharmaceutical industry, we tested the antimycotic
activity of certain vegetal extracts (Origanum vulgare, Lavandula officinalis, Achilea
mileffolium) and propolis tincture on bee colonies with chalkbrood disease evolving in bee
brood, targeting their effectiveness, tolerability and safety. Testing results of the antimycotic
activity of vegetal extracts and propolis tincture in the experimental lot (20 bee colonies)
showcased the absence of the disease in 13 bee colonies of the treated bee colonies (65%),
while in 7 bee colonies (35 %) a slight infestation started in bee brood after 5 days. Propolis
tincture administration in the bee colonies with chalk brood was 100% effective as all 5 treated
bee colonies were healed.
Keywords: chalkbrood, propolis, Origanum vulgare, Lavandula officinalis, Achilea mileffolium

A series of bibliographic sources worldwide refer to the use of vegetal
extracts and essential oils from plants for the prophylaxis and combat of mycoses in
Europe (mint, elderberry, nettle, thyme, white artemisia, basil, pomegranate, wild
artemisia, tiny green artemisia etc.) (13, 25), Asia (cinnamon, sugar apple,
chamomile, basil, celery and fennel oil, garlic, hemp, mint oil, clove, betel, bird’s eye,
cardamom, tobacco) (5, 6, 10), South and North America (cinnamon, white
artemisia, wild artemisia) (11, 15, 26), Africa (desert tree) (1, 9, 23), Australia and
New Zeeland (tea tree) (14). Bibliographical sources on the (spontaneous and
cultivated) flora in Romania are provided in the research studies of well-known
authors in phytotherapy (3, 17, 22) and with the research results of the Beekeeping
Research and Development Institute in Bucharest (2012-2016) (20), Banat’s
University of Agricultural Sciences and Veterinary Medicine ”King Michael I of
Romania” (2, 3, 12, 16, 19, 21) and the Veterinary Medicine University in ClujNapoca (8, 18, 24), that showcase the efficiency of active biological principle extracts
in the prophylaxis of bee diseases (major parasitosis and bacterial diseases).
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Materials and methods
After the clinical and laboratory examination according to OIE regulations
(2008) and the methodology adapted by the Bee Pathology Laboratory of Bucharest
ICDA, we treated an experimental lot (20 bee colonies) in an apiary located in
Teleorman county (Fig. 1) that presented chalkbrood disease in clinical evolution
(brood affected in at least 100 cells per comb frame, 2 affected frames per hive) (Fig.
2, Fig. 3) and a witness lot (5 bee colonies).

Fig. 1. Apiary of bee colonies in the experimental and witness lots
We aimed for testing the antimycotic activity of selected hydroalcoholic
vegetal extracts and propolis, as follows: Lot 1 - oregano herbs (Origanum vulgare),
Lot 2 - lavender (Lavandula officinalis), Lot 3 - yarrow (Achilea mileffolium) and Lot
4 – propolis tincture. The Witness Lot was made up of 5 bee colonies and was
treated with sugar syrup 1:1.
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Fig. 2. Brood larvae affected by
chalkbrood disease visible on the
hive bottom

Fig. 3. Chalkbrood larvae (left),
mummified (middle) and normal (right)

The way bee colonies were distributed into the experimental and witness
lots is presented in Table 1.
Table 1
Distribution of bee colonies into Experimental and Witness lots
Experimental Lot

Number of treated
bee colonies

Lot 1 - oregano herbs (Origanum
vulgare),
Lot 2 - lavender (Lavandula officinalis)
Lot 3 - yarrow (Achilea mileffolium)
Lot 4 - propolis tincture
Lot 5 - untreated Witness

5

Number of
affected brood
frames/colony
2

5
5
5
5

2
2
2
2

The vegetal extracts treatment of bee colonies in the experimental lots to
test the therapeutical effect was made in sugar syrup 1:1 for 5 days, 10 ml
extract/syrup liter, out of which 200-250 ml medicated syrup/ bee colony.
Results and discussions
The results of the clinical study showed that after 5 days of treatment with
medicated syrup, in 65% of the treated bee colonies the disease was absent, bees
being declared clinically healthy. In 35% of the bee colonies the infestation persisted
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however with reduced brood on frames, from two frames to one frame per 2 bee
colonies in the case of the oregano extract, three frames in the case of lavender
treatment, and two families in the case of yarrow treatment. The lot treated with
propolis tincture was declared clinically healthy (100%) after treatment. The results
obtained after 5 days of treatment with vegetal extracts and propolis tincture are
provided in Table 2.
Table 2
Result of morphoclinical examination after 5 days of treatment with selected
vegetal extracts as compared to the Witness Lot (untreated)
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Morphoclinical
diagnosis established
before treatment with
vegetal extracts
(EXPERIMENTAL
LOT) at the T0
moment

Number
of
affected
frames

Selected
extracts

oregano
herbs

Morphoclinical
diagnosis established
after treatment with
vegetal extracts
(EXPERIMENTAL LOT)
at the Tfinal moment

WITNESS
LOT
(chalkbrood
disease) at
the Tfinal
moment

clinically healthy
positive

lavender

chalkbrood disease

clinically healthy
positive
clinically healthy
positive

2
yarrow

positive

clinically healthy

positive
propolis
tincture

clinically healthy

As result of carrying out the therapeutical protocol for 5 days, the
morphoclinical examination and laboratory tests showed that out of the 20 bee
colonies in the experiment, 13 bee colonies were declared clinically healthy (65 %),
and in 7 bee colonies (35%) the chalkbrood infestation was reduced (Table 3).
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Table 3
Therapeutical efficiency of vegetal extracts and propolis use in the field after
5 days of treating naturally infected bees
Number of bee colonies
included for testing in the
Experimental Lot
20

Number of bee colonies clinically
healthy
at the Tfinal moment
13
(65%)

Number of bee colonies with
slight infestation
at the Tfinal moment
7
(35%)

The general therapeutical effect of vegetal extracts and propolis tincture
showed in the disappearance of clinical signs of the disease, highly diminished
infestation degree, and other changes in the bee colony (bee nest development,
compact brood, stimulated egg-laying, etc.)
As regards the products’ tolerability, at the end of the vegetal extract and
propolis tincture treatment period, laboratory tests demonstrated their therapeutical
efficiency while with bees we noticed no food refusal, nervous or digestive
manifestations, intoxication, behavior deviation of worker bees, negative changes of
the queen’s egg-laying, changes in the number of brood cells. The treatment did not
influence negatively the forage capacity or the behavior during forage. Moreover, the
treatments also showcased other beneficial effects, such as a strong development
of the bee colony and an increased prolificacy of queen’s egg-laying (Fig. 4). Another
aspect worth noting is that we did not note the existence of other bacterial pathogenic
agents in the treated lots, which also denotes an antibacterial effect of the vegetal
extracts and propolis tincture.

Fig. 4. Bee brood comb developed after treatment with vegetal extracts and
propolis tincture in the experimental lot
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After treating the bee colonies in the experiment, the efficiency of vegetal
extracts and propolis tincture treatments at the Tfinal moment as compared to the T0
moment (beginning of treatment) is presented in Table 4.
Table 4
Efficiency of the vegetal extracts and propolis tincture treatment at the Tfinal
moment as compared to the T0 moment
Evaluation
moment

Number of bee
colonies tested at the
T0 and Tfinal moments

Number of healed bee
colonies at the Tfinal
moment as compared to
the T0 moment

T0

25
(20 in the E lot)
25
(20 in the E lot)

20

Number of bee colonies
with slight infestation (2
affected frames) at the
Tfinal moment as
compared to the T0
moment (E Lot)
20 (100%)

13 (65%)

7 (35%)

Tfinal
(after 5 days)

In Table 4 we note a decrease in the number of bee colonies affected by
chalkbrood from 20 bee colonies to 7 affected bee colonies. This proves the
antifungic therapeutical effect of the tested vegetal extracts and propolis tincture
given the reduction in number of chalkbrood frames in the hive.
After clinical testing under field conditions, we established the antifungic
efficiency of selected vegetal extracts on naturally infected bee colonies. The
inhibiting efficiency of some of the extracts was also proven by Chantawannakul et
al. (7) and Boudegga et al. (4). Other authors (4, 5, 9, 12, 25, 26) tested various plant
extracts under laboratory conditions in vitro, where they noted the inhibiting effects
upon various bee diseases without adverse effects in bees. El Shafai (9) found the
inhibiting effect of some plant extracts upon the increase in Ascosphera apis. Ansari
et al. (1) specified that the use of non-toxic natural components may constitute a
natural alternative to the use of synthetic chemical agents in chalkbrood disease
control (1). According to Calderone and Shimanuki (5) the use of plant extracts may
play a significant part in the bee disease management. Hidayet et al. (13) found the
therapeutical effect of essential oils as supplementary food to bees affected by
chalkbrood disease. The results we have obtained on selected plant extracts and
propolis tincture is encouraging to combine them in the future for an integrated
management of chalkbrood disease and other diseases in bees, as according to
other authors too (4, 18, 20, 24). Observance of the therapeutical protocol, of the
minimum treatment duration as well as the monitoring of infections associated to
chalkbrood disease may lead to a therapeutical effect over the 65% shown by the in
vivo testing, if the 4 synergetic components are associated into an
apiphytotherapeutical product.
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Conclusions
The vegetal extracts in sugar syrup treatment of bee colonies in the
experimental lots for clinical testing enabled setting the treatment dosage to 10 ml
extract/syrup liter, with a 200-250 ml medicated syrup/bee colony treatment for 5
days.
The clinical study results showed that after 5 days of medicated syrup
treatment, in 65% of the treated bee colonies the disease was absent, bees being
declared clinically healthy. In 35% of the bee colonies the infestation persisted but a
reduced brood on frames was affected, from two frames to one frame per 2 bee
colonies in the case of the oregano herbs extract, to 3 bee colonies in the case of
treatment with lavender extract, to 2 bee colonies in the case of yarrow extract
treatment. The lot that had been treated with propolis tincture was declared 100%
clinically healthy after the treatment.
After a therapeutical protocol of 5 days, clinical examination and laboratory
tests showed that out of the 20 bee colonies in the experiment, 13 bee colonies were
declared clinically healthy (65%), and in 7 bee colonies (35%) the chalkbrood
infestation was reduced.
The witness lot made up of bee colonies in the same apiary but untreated
remained positive for chalkbrood disease at the end of the experiment.
The use of vegetal extracts and propolis tincture indicates the important part
played by vegetal extracts in the cultivated or wild flora with antimycotic potential in
the prophylaxis and treatment of chalkbrood disease.
As result of clinical tests in the field, we established the antifungal efficiency
of the selected extracts in the treatment of infected bee colonies.
After treatment with the extracts, bacterial pathogenic agents were no longer
found in the treated lots, an indication of the antibacterial effect of the vegetal
extracts and propolis tincture.
The treatment did not influence negatively the forage capacity or the bees’
behavior during forage, but did influence positively the queen’s egg-laying and the
bee colony development.
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