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Abstract 

 

Butter is the dairy product obtained by processing cream. It is a food rich in nutrients and is characterized by a very 

high digestibility. In the study carried out in a dairy products processing unit, located in the south of Romania, the 

technological flow of obtaining different types of butter, as well as their physico-chemical characteristics were 

followed. Laboratory determinations were carried out regarding the freshness of the butter (organoleptic examination, 

acidity determination, Kreiss reaction etc.). At the same time, a questionnaire was carried out in which 170 people 

participated, regarding the consumption of butter, a study performed through the Google forms platform. Following the 

determination of the acidity of the fresh, refrigerated and frozen butter samples, values below the maximum allowed 

limit were recorded, all samples being considered compliant, and the butter samples stored at temperatures higher than 

4oC exceeded the maximum allowed value from the first days of the deviations temperature, being classified as non-

compliant products. This aspect highlights the importance of respecting the storage conditions recommended by the 

manufacturers. Following the opinion poll on butter consumption, 71.2% confirmed the preference to consume butter in 

the morning. For most participants, the producing company is the determining factor in the choice of butter. 

 

Key words: butter, fat, acidity, storage conditions.  

 

 

Butter has been known since ancient times, 

from the Greeks, from where its preparation was 

taken over by the Romans, then gradually 

spreading to other nations (Dulce D., 2013). It has 

been considered a symbol of the "good life" 

throughout most of human civilization and is a 

staple food in many cultures. It is said that people 

ate butter and cheese instead of raw milk (Frey J., 

2014). 

Butter is the product obtained by processing 

pasteurized cream and sown with selected lactic 

starter cultures (Savu C., Petcu C.D., 2002; 

Floriştean V., Borş A., 2021). 

This product is characterized by a very high 

digestibility, over 95%, due to the increased 

content of volatile fatty acids over 20% of their 

total (Usturoi M.G., 2007; Sala C., 2008). 

contamination with microorganisms and the 

product's validity was limited (Savu C., Petcu 

C.D., 2002). 

Currently, butter is obtained at an industrial 

level, and the obtaining technology is based on 

scientific progress and the experience in the field 

of bacterial acidification and thermal treatments 

(Savu C., Petcu C.D., 2002). 

Moreover, particular attention must also be 

paid to food safety (Murariu F., 2019; Murariu 

O.C., 2016; Borș A. et al., 2018), the manufacture, 

packaging and storage of final dairy products 

(Petcu, 2006; Petcu, 2021). 

 
Figure 1 Cylindrical wooden container for butter 

churning (traditional churn) 
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floating

Butter is obtained from sweet cream, but it 

can also be obtained from bacteriologically 

fermented cream. Since the 19th century, butter 

has been obtained from cream naturally separated 

from milk,  to the surface of the milk, 

followed by placing the cream in a cylindrical 

wooden container, called churn (figure 1). Butter 

was churned manually, but this processing method 

also had disadvantages, namely, it favored 
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Figure 2 Industrial churn 

 

The difference between the butter types 

all around the world 

Depending on the country where it is 

obtained, the butter can differ due to different 

production methods, so each of these butters will 

be slightly different. 

Therefore, when we talk about butter 

produced in Europe, we are actually talking about 

a style of butter produced throughout Europe. 

European-style butter refers to butter inoculated 

with selected dairy cultures that has been churned 

for a long time to obtain up to 82% fat. 

Traditionally, butter is left to ferment to achieve a 

slightly sour taste, but most often we will identify 

butter with the addition of selected lactic cultures. 

European-style butter is generally preferred for its 

rich flavor (this is a direct result of the higher milk 

fat content). More creaminess also means a softer 

texture, faster melting, and usually a saturated 

yellow hue. Due to its low moisture content but 

high fat content, it is often used in bakery, giving 

the dough an aromatic taste and a softer texture. 

Butter made in the United States is 

monitored and overseen by the U.S. Department of 

Agriculture. For a dairy product to be considered 

butter, it must contain up to 80% fat. This butter, 

unlike butter from Europe, does not include any 

added lactic culture, resulting in a more neutral 

taste (Owen E., 2017; Ramdene H.B., 2019). 

 

The benefits of butter consumption 

As for consuming butter, it has been shown 

to have a number of benefits. 

Butter is rich in vitamin A, which is easily 

absorbed and necessary for thyroid and adrenal 

glands health (Fallon S., Mary G., 2000; Weston 

P., 2020). 

It contains lauric acid, which is important 

for treating fungal infections as well as those 

caused by Candida albicans (Arnfinnsson J. et al., 

2001). 

It contains lecithin, which is essential for 

cholesterol metabolism (Fallon S., Mary G., 2000; 

Craciun O.C. et. al., 2012). 

In addition, it contains antioxidants, which 

can prevent free radical damage and dilate arteries 

(Brezeanu C. et al., 2020), thus helping to increase 

blood flow (Fallon S., Mary G., 2000). 

It helps reduce the risk of type 2 diabetes 

(King I.B. et al., 2018; Campos H., 2016). 

It is an important source of vitamin E and K 

(Fallon S., Mary G., 2000; Weston P., 2020). It is a 

rich source of selenium (Fallon S., Mary G., 2000). 

Saturated fats in butter may have antitumor 

and anticarcinogenic properties (Choi K., et al., 

1986; Fallon S., Mary G., 2000;). 

Butter contains conjugated linoleic acid, 

which is an effective anticarcinogenic agent, 

muscle and immune enhancer (Cho H.Y. et al., 

2005). 

Vitamin D in butter is essential for calcium 

absorption (Fallon S., Mary G., 2000; Weston P., 

2020). 

It is the only source of anti-stiffness factor 

(Vulsen Factor) and prevents joints calcification 

(Weston P., 2020). 

It is a source of "Activator X" (vitamin K2), 

which helps the body absorb minerals (Price, 

W.A., 2010). In addition, it is a highly absorbable 

source of iodine (Fallon S., Mary G., 2000). 

It is a quick source of energy and is not 

stored in the adipose tissue of our body (Fallon S., 

Mary G., 2000). 

Cholesterol contained in milk fat is essential 

for the development of the brain and nervous 

system of children (Fallon S., Mary G., 2000; 

Arenas E. et al., 2009). 

It contains arachidonic acid (AA), which 

plays a role in brain function and is an important 

part of cell membranes (Weston P., 2020). 

It can prevent gastrointestinal infections in 

children or the elderly (Weston P., 2020). 

According to the National Institute of 

Statistics, butter production in February 2020 was 

1039 tons, and in February 2021 it was 785 tons, 

thus showing a decrease in butter production by 

254 tons (24.4%). 

In the period January-February 2020, the 

butter production recorded in Romania was 1957 

tons, and in the period January-February 2021 

1759 tons. Butter production decreased by 198 tons 

(10.11%) (www.insse.ro). 

 

MATERIAL AND METHOD 

 
The study was conducted in a dairy unit 

located in southern Romania. 
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Milk and dairy products can be sold in a 
wide variety of packaging methods and are subject 
to a large number of analyzes before being put on 
the market (Visoescu D.I. et al., 2015; Petcu C.D. 
et al., 2020). Thus, the aim is to know the chemical 
composition and assess the nutritional value, 
identify possible counterfeits etc. (Oprea O.D. et 
al., 2020; Petcu C.D. et al., 2021; Petcu C.D. et al., 
2022). 

The dairy processing unit under study is 
supplied with raw milk from sanitary-veterinary 
authorized farms and the frequency of supply 
depends on the performance of the animals and 
the amount of milk obtained from them (Oprea 
O.D. et al., 2019). The milked milk is cooled in 
isothermal tanks and then is collected by the 
company's tankers and transported to the 
processing unit, where it is analyzed and 
subsequently processed. At the milk reception, a 
series of qualitative parameters are tested in the 
laboratory, by which it is assessed whether the 
properties of the milk have undergone changes 
due to non-compliance with the hygiene rules 
during milking, transport or if falsifications have 
been made (Verraes C. et al., 2015). 

In the study, the technology for obtaining the 
butter assortments, as well as their physico-
chemical characteristics was followed. The 
technological diagram has been verified in the unit 
with the food safety team. Each technological 
stage was monitored until the finished product was 
obtained. Also, laboratory determinations were 
carried out regarding the freshness of the butter 
(organoleptic examination, acidity determination, 
Kreiss reaction). At the same time, a questionnaire 
was carried out on butter consumption among 
consumers. 

The statistical study was carried out through 
the Google forms platform, a study in which 170 
people participated. The participants expressed 
their opinion regarding the frequency and time of 
day they consume butter, up to opinions related to 
the price of butter on the Romanian market. 

The freshness determination study involved 
the examination and analysis of 12 butter samples 
groups of 5 samples each group, stored under 
different temperature conditions: freezing (-18°C), 
refrigeration (4°C) and temperatures above 4°C, 
maintained for different time intervals namely: 0 
days, 21 days, 30 days and 48 days. The duration 
of the study is March-July 2022. 

Sampling was done by buying packages of 
butter with 82% fat content from a commercial unit. 

Until the determinations were made, the 
butter samples were packed in non-vacuum 
polyethylene bags, after which they were labeled 
and stored in the three storage conditions 
previously mentioned. 

Simultaneously with the study on the 
freshness degree of butter, the organoleptic 
properties were also assessed according to the 
storage conditions and time intervals, respectively, 
T0=the moment of sample collection (day zero), 

day 21, day 30 and day 48 of storage. The 
following properties were appreciated: color, 
appearance, consistency, smell and taste. 

 

RESULTS AND DISCUSSIONS  

 

It has been shown that there is a direct 

correlation between the quality of the milk used in 

the production of dairy products and the quality of 

the finished products obtained from it. 

 

Results and discussions on the technology 

of obtaining butter in the specialized unit 

All raw milk comes from sanitary-veterinary 

authorized farms and is transported to the 

processing unit by isothermal tanks. 

 

Results and discussion regarding the 

assessment of the freshness state by determining 

the acidity of butter 

To determine acidity, 12 butter samples 

groups with a 82% fat content, stored in different 

environmental conditions, respectively, samples 

A0, A1, A2 and A3 were stored at refrigeration 

temperatures (4°C), samples B0, B1, B2 and B3 

were stored at temperatures above 4°C, and 

samples C0, C1, C2 and C3 at freezing 

temperatures (-18°C). 

The determinations were performed on each 

sample separately, and then the results obtained for 

each group of samples were averaged. 

Following the acidity determination, it was 

found that 75% of the analyzed samples had 

acidity values below the maximum allowed for 

butter, namely 3.5°A being considered compliant 

products, and 25% recorded values above the 

maximum allowed limit (table 1, figure 3). 

 
Table 1 

Results regarding the determination of butter acidity 

Samp

le 
Storage period 

Storage 

condition oC 

Quantity 

taken for 

analysis 

No ml 

NaOH use 

for titration 

Acidity 

value 

Result 

interpretation 

A0 
after 

manufacturing 
4oC   5 g 0.2 0.4 compliant 

A1 21 days 4oC   5 g 1.1 2.2 compliant 

A2 30 days 4oC   5 g 1.4 2.8 compliant 

A3 48 days 4oC   5 g 1.5 3.0 compliant 

B0 
after 

manufacturing 

ambient 

temperature 
  5 g 0.2 0.4 compliant 

B1 21 days 
ambient 

temperature 
  5 g 2.4 4.8 

non-

compliant 

B2 30 days 
ambient 

temperature 
  5 g 2.6 5.2 

non-

compliant 

B3 48 days 
ambient 

temperature 
  5 g 2.7 5.4 

non-

compliant 

C0 
after 

manufacturing 

-18oC 
  5 g 0.2 0.4 compliant 

C1 21 days -18oC   5 g 0.2 0.4 compliant 

C2 30 days -18oC   5 g 0.3 0.6 compliant 

C3 48 days -18oC   5 g 0.35 0.7 compliant 
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Figure 3 The variation of butter acidity depending on 

the storage period and storage conditions 

 

With regard to the Kreiss reaction, all 

analyzed samples obtained negative results. 

 

Results and discussion of organoleptic 

examination of butter according to storage 

conditions and different time intervals 

The organoleptic examination of the butter 

indicated that: 

- 91.7% of the total samples presented a clean 

appearance and 8.3% a partially clean appearance; 

- 58.4% had a yellowish-white color; 33.3% had 

yellowish color and 8.3% had yellowish-blackish 

color; 

- 66.7% had an unctuous consistency and 33.3% 

had an oily consistency; 

- 50% kept their specific smell, 33.3% had a non-

specific smell and 16.7% had a rancid smell; 

- 66.7% had the specific taste, 8.3% neutral taste, 

16.7% metallic/oily taste and 8.3% musty taste. 

It is noteworthy that a percentage of 91.7% 

of the samples kept their clean appearance even 

when exposed to different environmental 

conditions and only 8.3% displayed a partially-

clean appearance, most likely due to contamination 

with mold spores. 

 

Results and discussion following the 

opinion poll on butter consumption 

Following the opinion poll carried out by 

means of 170 participants, 9 essential questions 

related to the butter consumption were answered, 

questions such as the frequency and time of day in 

which it is consumed, the preferred category and 

fat content, but also the determining factor in 

choosing the butter assortment. 

To the question "At what time of day do you 

generally consume butter?" 71.2% of participants 

consume butter in the morning. 

48.2% of consumers preferred butter with 

65% fat, 50% butter with 82% fat and 0.8% of 

participants preferred other types of butter. 

Regarding the price of butter on the 

Romanian market, 51.2% of the participants 

mentioned that the purchase price is high. 

  

CONCLUSIONS 

 

The raw material milk used in the study unit 

comes from authorized farms and is subject to 

qualitative and quantitative examination. 

In the study regarding the assessment of the 

freshness status of the butter, by determining the 

acidity over a predetermined period of time, using 

samples of butter stored in different temperature 

conditions, it was concluded that 75% of the 

samples had acidity values below the maximum 

allowed limit, being considered compliant samples, 

and 25% exceeded the maximum allowed value, 

being considered non-compliant. This aspect 

highlights the importance of complying with the 

storage conditions recommended by the 

manufacturers, as well as observing the thermal 

chain. 

Following the opinion poll on butter 

consumption, attended by people of different ages 

and genders, it was concluded that 33.5% of the 

participants consume butter 4-5 times a month and 

only 1.8% do not consume butter. 71.2% of the 

questionnaire participants confirmed their 

preference for eating butter in the morning. The 

percentages were roughly equal in terms of 

consumers' preferred category of butter, with 

49.4% preferring salted butter and 50.6% opting 

for sweet butter. 33.5% of 170 people chose the 

producing company as the determining factor in 

choosing butter. 
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Abstract 

 

The purpose of this study was to establish the anaesthetic management of canine patients with mitral valve regurgitation 

that underwent soft tissue surgery and, also to understand the physiopathology of this cardiac disease and how 

anaesthesia might influence the outcome of this patients.  

The study was conducted on 30 canine patients aged between 9-14 years old belonging to different breeds represented 

by mixed breed, Basset Hound, French Bulldog, Bichon and Pekinese. 
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Mitral valve regurgitation it is represented 

by a degeneration of the atrioventricular valve of 

the left side of the heart. It is defined by 

regurgitant blood flow travelling from the left 

ventricle back into the left atrium during 

ventricular contraction (Mattin et al, 2015). Being 

a degenerative disease, it is more prevalent in older 

dogs, with studies reporting that approximately 

30% of dogs over 10 years of age are affected (Fox 

PR, 2012). 

Anesthetizing a patient with cardiac disease 

relies on the proper selection and interpretation of 

the tests performed during preanesthetic evaluation 

represented by: medical history, physical 

examination with special attention to cardiac 

auscultation followed by electrocardiography 

(EKG), radiography and non-invasive blood 

pressure measurement (Hopkins A., 2014).   

In cardiac patients with mitral valve disease, 

any substance that causes a significant decrease in 

heart rate should be avoided, which causes an 

increase in regurgitation (Fox PR, 2012).  

 Opioids such as methadone and 

butorphanol in combination with acepromazine 

cause adequate sedation and analgesia. Whenever 

possible, induction of anesthesia should be 

performed under close monitoring and pre-

oxygenation. In severe cases, it is recommended to 

use etomidate with minimal effects on the 

cardiovascular system (Gaya S. et al., 2018). 

For stable patients, low doses of ketamine 

are a good alternative with benzodiazepines or low 

doses of propofol. Negative inotropic substances, 

such as propofol and thiopental may increase the 

regurgitation fraction in patients with severe 

pathology and should be used with caution (Miller 

C., 2019). 

In order to maintain anesthesia, inhalator 

anesthetics can be used at the lowest possible 

concentrations. Another possibility would be to use 

total or partial intravenous anesthesia using 

propofol, fentanyl or ketamine at subanesthetic 

doses. In case of hypotension or bradycardia, the 

use of anticholinergics should be considered 

(Robinson R., et al., 2018). 

 For this purpose, the heart rate should be 

within the preanesthetic or slightly low values. If 

hypotension is not accompanied by bradycardia 

and does not return to normal values after the 

decrease in anesthetic concentration, inotropic 

positive substances should be used such as 

dobutamine (Gaya S. et al., 2018). 

 

MATERIAL AND METHODS 

 The present study was performed on a 

number of 30 canine patients, aged between 9-14 

years old, belonging to different breeds represented 

by mixed breed (5 dogs), Basset Hound (2 dogs), 

French Bulldog (5 dogs), Bichon (10 dogs) and 

Pekinese (8 dogs).  
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 Patients were anesthetized for various soft 

tissue surgical procedures represented by:  

mammectomy, ovariohysterectomy, orchidectomy. 

Physical examination, complete blood exams, 

Electrocardiography and radiography were also 

taken into consideration (Figure 1). 

 

 
Figure 1:  Colour Doppler examination in a dog with 

degenerative mitral valve disease - A right parasternal 
long axis view. The image shows the left atrium and 

ventricle - which are dilated 

 
 We included in the study patients who had 

a cardiac pathology represented by mitral valve 

disease in different stages of evolution and had an 

ASA (American Society of Anesthesiologists) 

score of III (Figure 2). 

 

 
Figure 2:  Bichon, 14 years old with mitral valve disease 

stage B2 

 

 Preanesthetic examination for all the 

patients was carried out in a quiet environment, to 

manipulate and stress out the patient as little as 

possible. In all cases, intramuscular administration 

of sedative substances was administered before 

approaching venous access in order to reduce 

patient stress along with preoxygenation.  

 Premedication was made with butorphanol 

0.3 mg/kg and midazolam 0.2 mg/kg administered 

intramuscularly (IM). Anaesthesia was induced 

with Propofol (2 - 4 mg/kg IV). All patients were 

intubated and maintained with isoflurane. 

Crystalloid solutions were administered at 3-5 

ml/kg/hour IV throughout anesthesia (Costea, 

2017).   

 In all cases, patients were breathing 

spontaneous during anaesthesia which represents a 

low stress for the cardiovascular system compared 

to mechanical ventilation. ((Gaya S. et al., 2018). 

 Mechanical ventilation can lead to an 

increase in intrathoracic pressure followed by a 

compression of venous vessels and a decrease in 

venous return. Therefore, low pressure ventilation 

(approx. 12 cm H2O) is recommended if we need 

to ventilate the patient.  

 Oxygen flow was initially delivered at 2 

L/min with the vaporizer set to achieve a minimum 

alveolar concentration C% of 2.0% isoflurane 

within 10 minutes of induction (Tudor R.G. et al., 

2018).  

 After the target concentration was 

achieved, oxygen flow was decreased to 

(500+10/kg) ml/min, and isoflurane was constantly 

maintained at 1.5 vol. % in all cases. 

  Electrocardiography, heart rate, end tidal 

concentration (EtCO2), blood haemoglobin 

saturation (SpO2) and esophageal temperature were 

monitored. Temperature was maintained between 

38ºC-38.6ºC by using a warm electrical blanket 

(Figure 3).  

 

 
Figure 3: Monitoring during anaesthesia 

 

At the beginning of the surgery, during skin 

incision if the patient responded to surgical 

stimulation by a rapid increase of the heart rate, 

mean arterial pressure or had any signs of 

tachypnea additional analgesic and anaesthetic 

drugs boluses were given: Ketamine 1 mg/kg IV. 
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RESULTS AND DISCUSSIONS 

 

 In our study, from the total number of 30 

canine patients (Figure 4), 13 had a mitral valve 

disease in stage B1 (43.3%) and 17 patients had a 

B2 stage of mitral valve disease (56.6%) (Figure 

5,6).  

 

 
Figure 4: Patients included in the study 

 

 
Figure 5: Patients with mitral valve disease in stage 

B1 

 

 

 
Figure 6: Patients with mitral valve disease in stage 

B2 

 

 Stage B1 refers to patients that have heart 

disease, which is characterized by a typical mitral 

regurgitation murmur, but they do not have an 

enlarged heart or clinical signs of the disease. 

 Stage B2 is referring to patients where 

evidence of cardiac enlargement is present, but we 

still do not have any clinical signs of the disease 

(Ljungvall et al, 2014).  

 In the induction phase, 5 minutes before 

propofol administration, all dogs were 

preoxygenated to reduce myocardial hypoxia and 

prevent apnea.  

 From the total of 30 patients included in 

the study, 2 dogs (6.7%) developed apnea in the 

induction phase at a propofol dose of 3 mg/kg and 

needed to be manually ventilated till they began to 

spontaneously breathe (approx. 5 minutes). 

 The purpose of the entire anaesthesia 

protocol was to maintain the cardiovascular system 

stable. Because of the cardiovascular depression 

achieved by most anaesthetic substances, changes 

in the cardiac function and pulse compared with an 

unanesthetized patient are inevitable but should be 

minimal as a result.  

 During surgery, 3 female dogs (10%) who 

had ovariohysterectomy required a bolus of 

ketamine of 1 mg/kg IV for analgesia supplement 

while reaching the ovary ligament due to a rapid 

increase in heart rate and blood pressure. 

 The postoperative recovery period is 

critical for all animals with approximately 47% of 

anaesthetic-related deaths occurring during this 

period (Brodbelt et al, 2008).  

 During recovery phase, all dogs received 

buprenorphine at a dose of 20 mcg/kg IV. They 

were closely monitored and received supplemental 

oxygen as well as continuously monitoring the 

heart rate, blood pressure and temperature (Figure 

7) and recovered without any complications. 

 

 
Figure 7: Oxygenation of the patient in the recovery 

period  
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CONCLUSION 

 Before carrying out anesthesia in a cardiac 

patient it is very important to diagnose the type of 

the condition and to start the medication in 

unstable cases. 

 The entire perianaesthetic period should be 

least stressful for the patient. Obtaining venous 

access, intubating the patient, and providing 

oxygen are indispensable measures for any cardiac 

patient to be anesthetized. 

 For most patients studied, premedication 

with an opioid and a benzodiazepine and induction 

of anesthesia with propofol at low doses is the 

right choice. 

 Anesthesia monitoring should include 

clinical monitoring, electrocardiography, blood 

pressure, capnography, and pulse oximetry. 
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Abstract 

 

In a process of problem solving and diet formulation the analysis offeed ingredients’ proteins have to be done accurately, rapidly, cheep 

and if is possible at the farm level. As a general rule the accurate methods last too long and real time methods are not so exactly. The 

study is doing the comparison between the results of three methods 1. Classical chemistry (Kjeldahlmethod), 2. Near infrared 

spectroscopy analysis (NIR) and 3. By FT-NIR spectrometer used for analyzing the corn’s protein content. The “reference sample” 

was considered the result obtained from classical chemistry - Kjeldahl method and the comparison was between classical, NIR and FT-

NIR methods, for corn's grains and corn’s flour. Each measurement was performed twice and no significant difference was found 

between repetitions (p<0.00). The average protein content in corn for 39 samples was 7.82±0.16% by Kjeldahl method, by NIR 

equipment, 7.47±0.17% in corn’s grains and 7.57±0.15% in corn’s flour and by FT-NIR equipment, 8.40±0.29% in corn’s grains and 

7.80±0.12% in corn’s flour.Comparing the results of NIR and FT-NIR measurements with Kjeldahl method results significant 

differences between first measurement (F=3.625 at p =0.007), second measurement (F=3.255 at p =0.013) and average measurements 

(F=3.486 at p =0.009). The smaller differences between reference results was in case of FT-NIR in corn’s flour (0.02%) but were no 

significant differences by Turkey test comparison for any of NIR, FT-NIR, grains or flour. In conclusion, irrelevant to the method or 

equipment used for measurements it appears more feasible to run the samples at farm level. 

 

Key words: Kjeldahl, NIR, FT-NIR, protein, corn 

. 

 

 

The corn is the most used feed ingredient in 

swine and dairy industry even in pasture systems 

(Onan G., Huțu, I., 2016 Onan G., Huțu, I., Radunz, 

2016). During several farm visits, in a process of 

problem solving the evaluation of diet and 

correction of diet weakness the evaluation and 

analysis of feed ingredients have to be done 

accurate, cheep and if is possible “in real time” at 

the farm level. On the practice of farm visit the 

extension service (Hutu I., 2004) have two 

variants: One is to take the sample, to send those to 

the Animal Nutrition Laboratory and to do the diet 

formulation in a high specialized software (Brill® 

family software) according with the result of 

laboratory analysis. Another one is to do the 

analysis in the frame of two hours during farm visit 

– in this case the ultra rapid analyses need it, 

regularly there are used near infrared spectroscopy 

analysis by portable NIR equipments.  

All time between speedy and accuracy of 

results appears to be a contradictory relation. As a 

general rule the accurate methods take long time 

and speedy methods are not so exactly, and the time 

and all inexactitudes generate the additional costs 

for farm and decreases in gross margin for the 

production. 

                                                 
1Horia Cernescu Research Unit – USV Timisoara, RO. 
2 University of Life Science “The King Michael I” – Faculty of Veterinary Medicine, Timisoara, RO. 

For all those reasons the extension service 

has to be sure that the result used is as close as 

possible with the reality of the farm (Matiuti, 

2017). The study take into consideration the most 

expensive nutrient-the proteins form corn and the 

analysis of it. The study is performing the 

comparison between the results of three methods of 

protein content in corn: 1. classical (humid) 

chemistry – by Kjeldahlmethod and 2. by near 

infrared spectroscopy analysis with two types of 

equipments- one form Foss InfraXact® and the 

other form Bruker Optics®.  

The specific objective of this report was to 

establish which method is feasible for “real time 

analysis” of protein content at the farm level – 

being the case of protein content of corn as a row 

material in two forms - grains and flour.  

 

MATERIAL AND METHOD 

Corn sample collection and preparation: 
40 sample of 300 g corn grains (several variety 
such as Fundulea, KWS®, Pioneer ® and possible 
other varieties) was sampled from 85 partner farms 
of Extension unit were collected during farm visit of 
extension service during fall and winter season in 
West Romania. Each sample was divided in three: 
1/3 for classical chemistry, 1/3 for near infrared 
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spectroscopy analysis (NIR) as a grain and other 
one 1/3 was milled for using for NIR as flour. In 
case of classical chemistry, before milling the grain 
was dryedin a drying stove at 105°C for 5 to 8 
hours, depending on humidity of row samples. For 
NIR and FTNIR methods, in order to keep the 
humidity and the proportion of chemical 
components the milling was done in Foss 
CyclotecTM 1093grinding mill with same sieve. 

Analysis of protein content was done for 
each sample two times for each three 
methods/equipments: 

The first method used was classical Kjeldahl 
(humid chemistry), by fully automated 
KjeldahlTM8400 Analyzer Unit (FOSS Hillerød 
3400, DK)from Animal Nutrition Laboratory – Horia 
Cernescu Research Unit (figure 1). 

The second method was near infrared Near-
infrared reflectance spectroscopy(NIR) with 
equipment Foss InfraXact® (Hillerød 3400, DK). 
The Foss InfraXact specters were developed for 
the accurate and fast prediction by equipment 
producers’ calibrations (figure 2). The equipment 
was on electrical power independent laboratory 
(Auto laboratory of Animal Production). 

The third equipment was a FT-
NIRspectrometer (BrukerMatrix I ®, Boston, MA, 
SUA) with INGOT® calibrations(multiple 
calibration dairy package, swine and pet food).  

NIR spectroscopy is an outstanding tool due 
to its simple operation, short analysis time, small 
sample requirement, low-cost and non-destructive 
measurement (Haughey et al. 2008; Spragg, 2017; 
Yang et al. 2013). 

Theoretically, the differences between 
equipments are given by differences between NIR 
and FTNIR (signal Fourier-transformed): IR 
spectroscopy gets absorption of a monochromatic 
IR light at a time and draws the spectrum, whereas, 
in FTIR, multi-chromatic takes a summarized 
absorption of light and distributes it to create a 
spectrum using FTIR. 

By specialized noncommercial sources 
(Burns & Ciurczak, E.W. 2011, Hussain et all, 
2019) there are some points of difference between 
IR and FTIR such as: 

 NIR takes a single spectrum -FTIR takes a 
number of scans. 

 NIR used monochromatic light whereas 
FTIR used polychromatic light. 

 FTIR scans up to 50 times in a minute and 
giving better resolution. 

 FTIR is a fast technique than IR. 

 Sample preparation in the traditional IR is 
time-consuming, while nowadays in FTIR uses 
Attenuated Total Reflection (ATR). Therefore, 
there is no need to prepare the sample. 

So, according to several suppliers the FT-NIR 

spectrometers are more modern, given rapid 
analysis, high quality spectrum, reproducibility, 
ease of use and low maintenance. 

 

 
Figure 1. KjeldahlTM8400 Analyzer Unit, 

Animal Nutrition Laboratory 
 
 

 

Figure 2. NIR Foss InfraXact® in the Animal 
Production auto laboratory 

 

Statistical Analysis: Analysis of external 
results – protein values - were performed using one 
way Analysis of Variance (ANOVA)for the classical 
chemistry, NIR and FT-NIR equipments. For NIR 
and FT-NIR grain and also flour samples were 
used. The “reference sample” was considered the 
result obtained from classical chemistry - Kjeldahl 
method and the comparison was between classical 
and NIR and FT-NIR methods, for corn's grains 
and corn’s flour. Also the comparison between first 
and second measurements was performing by 
Student test (paired samples). 

 

RESULTS AND DISCUSSIONS  
 

The measures were performed twice on each 

method – classical chemistry, NIR and FTNIR and 

a average between was also done.  

The average protein content in corn for 39 

samples was 7.82±0.16% by classical chemistry 

Kjeldahl, 7.47±0.17% by NIR in corn’s grains, 

7.57±0.15% by NIR in corn’s flour, 8.40±0.29% 

14

https://www.fossanalytics.com/en/products/kjeltec-8400
https://www.fossanalytics.com/en/products/kjeltec-8400


Scientific Papers Journal – vol. 65 no 3 / 2022, VETERINARY SERIES 

 

by FT-NIR in corn’s grains and 7.80±0.12% by 

FT-NIR in corn’s flour.  

The results of the study show significant 

correlations between measurements but no 

significant difference between repetitions. All 

correlations between the first and the second 

measurements was significant (p<0,001): in 

generally, the correlations was higher in classical 

chemistry (r = +0.990, at p =0.00) and for milled 

samples (r = +0.990, at p =0.00 for NIR and r = 

+0.944, at p =0.00 for FTNIR method). The 

differences between the first and the second 

measurements was higher in corn grains, but not 

significant statistically (0.082±0.06% at p=0.205 

for NIR and 0.127±0.11% at p=0.273 for FTNIR 

method). 

As a first observation the variability of 

measurement is smaller in classical chemistry (in 

terms of standard deviation, SD = 0.147%) and 

milled sample (corn’s flour) both NIR 

(SD=0.147%) and FTNIR methods (SD=0.264%).  

Comparing the results of NIR and FT-NIR, 

for grain and flour measurements with Kjeldahl 

method results, the study found the significant 

differences between the first measure (F=3.625 at 

p =0.007), the second measure (F=3.255 at p 

=0.013) and the average of both measurements 

(F=3.486 at p =0.009).  

Comparison of classical Kjeldahl with NIR 

and FTNIR by Student test, the differences 

between averages of measurements are 

significantly in case of NIR for corn’s grains 

(paired difference = 0.35±0.10, t=3.526 at p 

=0.001) and corn’s flour (paired difference 

=0.25±0.05, t=5.178 at p =0.000)and FTNIR for 

corn’s grains (paired difference = -0.57±0.22, t=-

2.555 at p =0.015). The study statistics underline 

the accuracy of FTNIR for corn’s flour with 

classical results (paired difference =0.23±0.07, 

t=0.302 at p =0.764). In our study the tendency of 

NIR method was to overestimate the protein 

percent and underestimate the protein percent for 

FTNIR form corn’s grain. The best estimation was 

obtained after milling the sample in FTNIR 

method. 

Regarding the time, the most time 

consuming is classical chemistry: draying 5-8 

hours, milling, weighting (1/4 hour), 

mineralization (6 hours), cooling, distillation and 

titration (1/2 hour) that means 2-3 working days in 

the lab. In case of using NIR and FTNIR equipment 

just 5 minutes, the time for spectrums collection, 

are needed. If the flour is use as a material the time 

for milling increases with maximum 10 minutes.  

Conventional methods of analysis for 

quality control involve time consumption, a lot of 

labour, expensive procedures and chemical 

reagents (Cozzolino, 2012, Karoui et al., 2010, 

Weeranantanaphan et al., 2011). 

In conclusion, by farmer expectations, time 

consumption, preparation of sample (grains or 

flour) and speed of obtained results, the use of any 

instruments (NIR and FTNIR) at the farm level is 

better than taken sample for analysis in laboratory.  

By the accuracy of results the milled 

samples and FTNIR equipment is better but NIR 

equipment is robust and easy to work in the farm 

conditions. Even the differences between 

estimations of corns’ flour are significant (average 

NIR estimation = 7.57±0.16%, average FTNIR 

estimation = 7.80±0.12, paired difference = -

0.22±0.06, t=-3.682 at p =0.001) practically, the 

value of analysis can be applicable at farm level. 

Like in other study, the results indicated that corn 

nutritive values could be fast and accurately 

predicted by NIRS (Yang et al., 2011). In 

conclusion, in extension service, any portable NIR 

or FTIR instruments with adequate calibrations are 

preferable for analyzing quality and safety of 

cereals (Hussain et al. 2019) to time consuming 

classical chemistry. 

 
 

 

CONCLUSIONS 

 

The results for protein content in corn have 

a limited variability given by type of raw material 

(corn’s grain or corn’s flour) and type of the used 

method (Kjeldahl, NIR or FT-NIR). 

By theoretically point of view the 

differences are significant but by practical point of 

view in extension services, the time to obtain the 

results is more important than accuracy of the 

results.  

In extension service conducted in animal 

farms, any portable NIR or FTIR equipment with 

adequate calibrations is preferable to time 

consuming classical chemistry. 
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Abstract 

 

Antimicrobial resistance of pathogenic E. coli impacts the swine industry due to the limited treatment options and growing 

public health concerns caused by potential transfer of antimicrobial resistance genes into the food chain. The study was 

carried out throughout the whole year; the samples were collected from the small intestine following necropsies performed 

in young pigs. From a laboratory database, 78 samples were positive for E. coli and were sampled and processed in order 

to describe the AMR following a classical microbiological exam. Each sample was cultured on selective media (Mac 

Conkey Agar) and antibiograms were performed using MicroScan Walk Away System. The antibiogram examinations 

were performed for 20 antibiotics and the results were presented in the form of the following categories: resistant, 

intermediate, susceptible. In 4 of the 20 antibiotics tested, the bacterial agent showed a sensitivity of over 85% and in 6 

of the 20 antibiotics, it showed resistance of over 85%. On average, 47.8±37% of E. coli showed sensitivity to the 20 

antibiotics tested and 48.5±38% resistance; 3.2±4% were classified as “intermediate”. Similarities were noted in terms of 

sensitivity and resistance between the antibiograms from animal E.coli versus human E.coli. The same sensitivity was 

observed in 5 of the 20 antibiotics, and in 3 of the 20 antibiotics we noticed common resistance, but a future molecular 

biology analysis will be performed in order to identify the genes associated with AMR. 

 

Key words: antibiograms, E. coli, pig industry, AMR 

 

 

Introduction 

 

Escherichia coli produces a series of 

diseases among pigs, generating serious losses both 

at the farm level and through possible transmission 

to humans. Swine colibacillosis is a multifactorial 

syndrome caused by Escherichia coli which 

exhibits three main disease conditions, namely, 

oedema disease, neonatal diarrhoea and post-

weaning diarrhoea. Each of them can be 

differentiated through their pathogenesis, age-

range of the affected animals, and the involved 

pathotype: Shiga toxin–producing E. coli (STEC), 

enterotoxigenic E. coli (ETEC), and atypical 

enteropathogenic E. coli (aEPEC). (García-

Meniñoet et a, 2020; Abubakar R. H. et al, 2017; 

Fairbrother J. M. et al, 2012, Moga et al. 2001) 

Antimicrobial resistance of pathogenic E. 

coli impacts the swine industry because of limited 

treatment options and growing public health 

concerns due to the potential transfer of 
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antimicrobial resistance genes into the food chain. 

(Fairbrother J. M. et al, 2012; MISUMI W. et al, 

2021; Borow et al, 2022) 

The aim of the research was to describe in a 

transversal survey the sensitivity and resistance of 

E. coli to 20 types of antibiotics. The similarity 

between human and animal E. coli cases was also 

observed 

 

Materials and methods 

 
Animals sampling: The farm – a unit 

specialised in pig farming with a closed circuit. By 

clinical anamnesis of young pigs (aged between 4 

and 11 weeks), the cadavers were selected for 

necropsy. Only cases with morphopathological 

signs were selected for microbiological exam. The 

samples were taken from the small intestine after 

the necropsy examination. 

One sample was taken from an employee of 

the farm (who had direct contact with animals). The 

urine sample was taken because of their very 

frequent urinary infections, and then processed at 
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an accredited laboratory. The result of the analysis 

was the infection with E. coli, which is the reason 

for some differences observed in the results of 

antibiograms (see  table 1 - 77 vs. 78 results). 

 

Microbiology analysis by COPAN's 

ESwabTM system was conducted for all collected 

samples. The samples were sent and processed in 

the laboratory 12 hours after sampling. The germs 

were isolated by classical microbiological exam. 

Each sample was cultured on selective media (Mac 

Conkey Agar - figure 1), and after, placed in a 

thermostat for 24 hours for incubation. From the 

resulting culture, after identifying and confirming 

the existence of the bacteria by macroscopic 

examination, antibiograms were performed. The 

types of germs and antimicrobial sensitivity and 

resistance were analysed by Walk Away System 

(figure 2) using MicroScan® Dried Panels – type 

NBC-42. (Cubin et al, 2022, Lungu, 2020) 

 

 
Figure 1  Cuture of E. coli in Mac Conkey Agar plate 

 

 
Figure 2  Entering data into the system and issuing 

the barcode for each sample 

 

Panels for human use were used because 

the transmission of the AMR phenomenon from 

animals to humans was assessed. Part of the 

bacterial culture obtained was stored in the freezer 

for subsequent genetic determinations. The 

information from the antibiograms was printed, 

recorded and processed. The antibiogram 

analyses were performed for 30 antibiotics, 

however only the results for 20 antibiotics were 

used in the present manuscript. 

Statistical analysis - From a laboratory 

database, 78 samples positive to E.coli were 

chosen and processed in order to describe the 

AMR following a classical microbiological exam, 

and the microbiological cut-off of 20 from 30 

antibiotics in following categories: resistant (R), 

intermediate (I), susceptible (S). 

 

Results and discussion 

 

The output was printed and analysed. After 

centralising the data obtained from Walk Away 

System (antibiograms) there results are shown in 

the table 1: 

On average, 47.8±37% of E. coli showed 

sensitivity to the 20 antibiotics tested and 

48.5±38% resistance; 3.2±4% was classified as 

"intermediate". Practically, for half of the 

antibiotics, resistance can be discussed and for the 

other half, sensitivity, with both classes having a 

rather large variability of 37-38%. 

Considering the results obtained in the 

antibiograms (table 1), we can observe the 

following: 

- the bacteria show sensitivity in 78/78 

(100%) antibiograms to Amikacin and 

Meropenem, in 69/78 (88,5%) 

antibiograms to Pip/Tazo and in 74/77 

(96,1%) antibiograms to Tigecycline. 

- E. coli shows resistance in 76/78 (97,4%) 

antibiograms to Ampicillin, in 73/78 

(93,5%) antibiograms to Ciprofloxacin, in 

72/78 (92,3%) antibiograms to 

Levofloxacin, in 75/77 (97,4%) 

antibiograms to Mezlocillin, in 77/77 

(100%) antibiograms to Moxifloxacin, in 

67/78 (85,9%) antibiograms to 

Trimeth/Sulfa, in 58/78 (74,35%) 

antibiograms to Piperacillin and in 52/77 

(67,5%) antibiograms to Tetracycline. 
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Table 1 
Pharmacological and Microbiological cut-off of E.coli for 20 antibiotics 

Antibiotic and pharmacological cut-off(mg/l) 
Microbiological classes 

Susceptible Intermediate Resistant 

Amikacin (S≤16) 78 0 0 

Amox/K Clav(S<=8/4;I 16/8; R>16/8) 53 14 11 

Ampicillin(I 16; R>16) 0 2 76 

Cefuroxime(S<=4; I 16; R>16) 33 2 43 

Cefazolin(S<=8; I 16; R>16) 29 8 40 

Cefepime(S<=8; R>16) 52 0 25 

Cefoxitin(S<=8; R>8) 61 0 16 

Ciprofloxacin(S<=2; I 2; R>2) 1 4 73 

Fosfomycin(S<=32; R>32) 75 0 3 

Gentamicin(S<=4; I 8; R>8) 43 4 31 

Levofloxacin(S<=2; I 4; R>4) 3 3 72 

Meropenem(S<=1) 78 0 0 

Mezlocillin(I 64; R>64) 0 2 75 

Moxifloxacin(R>1) 0 0 77 

Pip/Tazo(S<=16; I 64; R>64) 69 5 4 

Piperacillin(S<=16; I 64; R>64) 18 2 58 

Tetracycline(S<=4; R>8) 25 0 52 

Tigecycline(S<=1; I 2) 74 3 0 

Tobramycin(S<=4; I 8; R>8) 42 1 34 

Trimeth/Sulfa(S<=2/38; R>2/38) 11 0 67 

Averages(n/78) 47,8% 3,2% 48,5% 

Standard Deviation 37% 4% 38% 
 

 
 

Similarities were noted in terms of 

sensitivity and resistance between the antibiograms 

from animal E. coli versus human E. coli. The same 

sensitivity was observed for Amikacin, Amox/K 

Clav, Meropenem, Pip/Tazo. There was also noted 

a common resistance to Ampicillin, Piperacillin 

and Tetracycline. 

Antibiotics such as Florfenicol, 

Marbofloxacin, Enrofloxacin, Amoxicillin, 

Penicillin, Lincomycin and Tylosin are largely 

used in the pig industry. They are used both in 

individual and collective treatments, both per os 

and administered parenterally. 

In 2021, Wang et al. studied the mechanisms 

of Tigecycline resistance in Enterobacteriaceae 

from a pig farm in China. The results of the study 

show that although tigecycline has not been 

approved in animals, tigecycline resistance 

mediated by the tet(A) variant and tet(X) via 

plasmid or ICE was observed on this pig farm. The 

use of tetracyclines such as doxycycline, one of the 

most used antimicrobial agents in food-producing 

animals in China, may be the reason for the 

emergence and transmission of tigecycline 

resistance. Appropriate measures should be taken 

to limit tigecycline resistance in animals. (Wang J. 

et al, 2021) 

In 2021, Gruel et al. have tried to understand 

antimicrobial use in pigs, beef cattle, and poultry 

on farms on Guadeloupe, French West Indies, and 

to acquire data on AMR in Escherichia coli in these 

food-producing animals. This study provided the 

first baseline information on levels of antimicrobial 

use, on the dynamics of phenotypic and genotypic 

resistance to tetracyclines, and on ESBL- E. coli in 

small-scale pig, beef cattle, and poultry production 

on Guadeloupe. Despite rational use of 

antimicrobials, E. coli resistance to third-

generation cephalosporins was found on these 

farms. Mechanisms other than selective pressure of 

these antimicrobials in the emergence of AMR 

remain to be elucidated. (Gruel G. et al, 2021) 

In 2018, Lugsomyaet al. studied 

antimicrobial resistance (AMR) profiles in 

commensal Escherichia coli derived from healthy 

fattening pigs in Thai farms that used prophylactic 

antimicrobials (in-feed tiamulin fumarate and 

amoxicillin) [PAs], therapeutic antimicrobials 

(injectable enrofloxacin or gentamicin) [TAs], or 

no antimicrobials [NAs].The conclusions were that 

although E. coli isolates from all farms contained a 
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core set of resistance to b-lactams and 

tetracyclines, the routine use of PA increased 

resistance rates to other important antimicrobials. 

(Lugsomya K. et al, 2018) 

In 2019, Pirolo et al. studied the 

unidirectional animal-to-human transmission of 

methicillin-resistant Staphylococcus aureus ST398 

in pig farming. Given the potential exchange of 

MRSA between animals and humans, and the 

infection risk associated with human colonisation 

by MDR LA-MRSA, the study was conducted to 

investigate: (i) the prevalence, genetic 

characteristics and antimicrobial resistance profile 

of MRSA isolated from swine farm workers in 

southern Italy, and (ii) the genome-based 

relatedness of human and animal MRSA isolates, 

for a better understanding of MRSA transmission 

to professionally-exposed farm workers. It was 

observed that workers employed in farms with an 

intensive type of breeding had higher MRSA 

carriage rates compared with workers employed in 

farms that adopted a non-intensive breeding system 

(27.1% vs. 0%). (Pirolo M. et al, 2019) 

In 2022,Torres et al. found high similarity of 

macro-restriction patterns for isolates of Yersinia 

enterocolitica 4/O:3 obtained at a pork production 

chain from Minas Gerais, Brazil. They proposed to 

determine the clonality and the antibiotic resistance 

profiles of a subset of these isolates (n = 23) and 

human clinical isolates (n = 3). The close genetic 

relationship amongst Y. enterocolitica obtained 

from a pork production chain and human clinical 

isolates in Brazil was confirmed, and the role of 

swine in the potential transmission of an antibiotic-

resistant clones of a pathogenic bio-serotype to 

humans, or the transmission of these resistant 

bacteria from people to animals, was highlighted. 

(Torres Furtado Martins B. et al, 2022) 

 

CONCLUSIONS 

 

 E. coli had sensitivity in 78/78 (100%) 

antibiograms to Amikacin, Meropenem, 

69/78 (88.5%) antibiograms to Pip/Tazo 

and in 74/77 (96.1%) antibiograms to 

Tigecycline. 

 E. coli shows resistance in 76/78 (97.4%) 

antibiograms to Ampicillin, 73/78 (93.5%) 

antibiograms to Ciprofloxacin, 72/78 

(92.3%) antibiograms to Levofloxacin, 

75/77 (97.4%) antibiograms to 

Mezlocillin, 77/77 (100%) antibiograms to 

Moxifloxacin, 67/78 (85.9%) 

antibiograms to Trimeth/Sulfa, 58/78 

(74.35%) antibiograms to Piperacillin and 

52/77 (67.5%) antibiograms to 

Tetracycline. 

 Studied E. coli had similarities in terms of 

sensitivity and resistance to tested 

antibiotics, probably as a result of the 

transmission of these resistant E. coli from 

pigs to humans. 
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Abstract 

 

The presence of digestive parasites can alter behaviour, fertility, body condition, juvenile development, decreased 

resistance to other pathogens, or the performance for which animals are bred. The aim of this study was to monitor 

gastrointestinal parasite infestation in equines in Mehedinți County. The horses, sport and working, various breeds and 

half-breeds, came from different localities from Mehedinți County. Samples were collected in plastic bags and 

examined by flotation, sedimentation, and Baermann methods. Horses were divided into several categories: sex, age, 

breed, and service. Strongylidae and Parascaris spp. represented parasitism in recreational and working horses studied 

in Mehedinți county, no other parasitic elements were identified. The overall prevalence was 43.5% for Strongylidae 

and 21.17% for Parascaris spp. The simultaneous presence of at least two parasite species was observed in 17.64% of 

the horses examined. 
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INTRODUCTION 

 
Horses can be affected by more than 150 

species of internal parasites. A horse may be 

infested with one or more parasites at a time, but 

the nature and severity of the damage varies with 

the type and degree of infestation [Güiris A.D., 

2010].  

The presence of digestive parasites can 

alter behaviour, fertility, body condition, juvenile 

development, decreased resistance to other 

pathogens or the performance for which animals 

are bred [Cernea M.; 2015, Cernea M., 2008]. 

The etiology and evolution of digestive 

parasitism and serous cavities in equines in our 

country have been little systematically studied, 

usually, in small areas, thus imposing the need to 

complete the data through detailed analyses 

[Morariu S., 2016, Güiris A.D., 2010].  

The aim of this study was to monitor 

gastrointestinal parasite infestation in horses in 

Mehedinți County. 

Worldwide, research and analysis of the 

digestive tract and serous cavities of equine 

animals have led to the diagnosis of the following 

parasitoses: eimeriosis, giardiosis, fasciolosis, 

dicroceliosis, cestodosis, habronemosis, 

parascaridosis, strongyloidosis, strongylidosis, 

cyathostominoses, oxyuroses, and gastrophilosis. 

 
MATERIALS AND METHODS 

 

For the purpose of this work, 85 faecal 
samples were collected from equine animals from 
March 2018 to May 2020 in Mehedinți County 
(Figure 1). The horses came from localities within 
the area of the CSVs Malovăț, Șimian, Hinova, 
Pătulele, and the samples were examined at the 
Clinic of Parasitology and Parasitic Diseases of the 
Faculty of Veterinary Medicine, Timișoara, 
Romania. 

Breeds of horses of the riding centre taken 
in the study and from the households of the 
population: Hungarian sport horse, Croatian sport 
horse, Romanian sport horse, Semi-German 
horse, German sport horse, Arabian Shagya,  

- Friesian,  
- Lipitan, 
- common breed horse. 
Faecal samples were collected in plastic 

bags, labelled and refrigerated until examination.  
The examination was carried out by Willis, 

successive washes and Baerman coproscopic 
methods. 
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The data obtained were statistically 
analyzed using GraphPad Software Inc.® 
(QuickCalcs, 2018) and differences were 
considered significant when p≤0.05. 

 
RESULTS AND DISCUSSIONS 

 

The horses came from a variety of 

backgrounds, including both sports and working 

horses. Where possible, age, sex, and service data 

were obtained for each animal, based on which 

horses were divided into several categories. This, 

according to sex, 2 groups (53 males and 32 

females) were obtained, according to age, 3 

categories (young animals: 0-5 years-11 mares, 

adults: 6-15 years-46 mares, elderly: >16-28 

mares), according to breed, 20 purebred horses, 

and 65 half-breeds, and according to service, 2 

groups (sport, 30, and work, 55) (Table 1). 

Strongylidae infestations were the most 

common parasitic infestations found in the samples 

examined in this study (43.5%).  

Other infestations detected in the samples 

were with Parascaris spp. (21.17%).  

Polyparasitism was observed in 15 animals 

(17.64%).  

A total of 40 horses were found to be 

infested with at least one species of parasite, giving 

an overall prevalence of 47.05%. 

The prevalence of infestation with 

strongyles and ascarids in relation to age groups 

was 45.5 and 72.7 % for the under-five age group, 

43.5 and 15.2 % for the six to 15 age group and 

42.9 and 10.7 % for the 16-age group.  

In terms of sex-specific prevalence, 

parasitism with strongyles and ascarids was found 

to be 56.3 and 37.5% in females and 49.1 and 

11.3% in males. 

Reported to the breed of horses, it was 

observed that 35 % of purebred horses and 46.2 % 

and 20 % of half-breeds respectively were positive 

in the parasitological examination for strongyles 

and ascarids. 

 
 

Table 1 

Summary of positive samples from the epidemiological investigation of gastrointestinal parasite infestation in 
85 study horses 

 

Epidemiologic
al data 

Strongylidae Parascaris spp. 

Willis test  

age n= % n= % 
≤ 5 years 

(n=11) 
5 45.5 8 72.7 

> 6 - 15 years 
(n=46) 

20 43.5 7 15.2 
≥ 16 years (n= 

28) 
12 42.9 3 10.7 

sex       
females 
(n=32) 

18 56.3 12 37.5 
males (n=53) 26 49.1 6 11.3 

race       
pure (n=20) 7 35.0 5 25.0 
half-breeds 

(n=65) 
30 46.2 13 20.0 

Service        
leisure (n=30) 10 33.3 7 23.3 
Labour (n=55) 27 49.1 11 20.0 

Total 
37
/8
5 

43,5 18/85 21,17 

n = positive horses; % - prevalence obtained. 
 
 
 

 

Regarding the lifestyle or service of the 

horses, it was observed that in recreational horses, 

the prevalence was 33.3% and 23.3 % respectively, 

and in working horses, it was 49.1% and 20 % for 

strongyles and ascarids respectively (Figure 5). 

Statistical analysis revealed that in the case 

of strongyles parasitism there were no statistically 

significant differences between prevalence values 

reported by age, breed, sex, and horse service. 

In the case of ascarid parasitism, however, 

there were statistically significant differences 
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between the prevalence values reported by age 

(between the under-5 group compared to the other 

two, but not between the 6-15 and +16 groups) and 

by race. No statistically significant differences 

were recorded for the other 2 groups (sex, service). 

Among the studies carried out in Romania 

[Buzatu M.C., et al., 2013, 2014, 2016; Cernea M., 

et al., 2003, 2008, 2013; Covașă C.T., Miron L.D., 

2011; Morariu S., et al., 2012], is found and those 

carried out by Morariu S. et al., 2016, focused on 

the identification of small strongyle species. Forty-

seven working horses from Romania have been 

examined post-mortem for evidence of infestation 

with small strongyles (Cyathostominae). All horses 

were found to be infected. Twenty-four species 

were identified. Cyathostomum catinatum, 

Cylicocyclus insigne and C. Nassatus had a 

prevalence of 100%. More than 50% of the horses 

were infected with Coronocyclus coronatus, 

Cylicostephanus calicatus, C. goldi and C. 

longibursatus. Other predominant species (34%-

45%) were Cyathostomum tetracanthum, 

Cylicostephanus minutus and Gyalocephalus 

capitatus. Coronocyclus labiatus, 

Parapoteriostomum mettami, Poteriostomum 

imparidentatum and P. ratzii had the lowest 

prevalence [Morariu S., 2016]. 

A study carried out in Suceava, Botoșani, 

Iași, Neamț, Bacău counties and, in addition to the 

Moldavian region, Bistrița-Năsăud County 

identified Parascaris equorum infestation by 

coproscopy and necropsy, establishing a 

prevalence of 40.62%. Cases of increased 

infestation in this study were rare, and the number 

of parasites observed in necropsied animals ranged 

from 3 to 67. Among the large strongyles, two 

species were identified: Strongylus vulgaris and 

Strongylus edentatus. Together with the large 

strongyles, the nematode infestation of the subfam. 

Cyathostominae had a prevalence of 100%, thus 25 

species belonging to the following 7 genera were 

detected: Cyathostomum, Coronocyclus, 

Cylicocyclus, Cylicostephanus, Skrjabinodentus, 

Tridentoinfundibulum and Petrovinema [Cernea 

M., 2015]. 

A study in Finland tested young horses for 

Parascaris spp. and strongyles. In this study, the 

112 horses evaluated, aged between one and three 

years, were housed in training stables. The 

prevalence of Parascaris spp. was 21% and that of 

strongyles was 48% [Aromaa M., 2018]. 

In the US, the prevalence of internal 

parasites was determined by examining eggs in 

faeces from thoroughbred foals in central 

Kentucky in 2003. Faecal samples were examined 

from 733 foals from 14 farms. The age of the foals 

in the study ranged from 10 to 223 days old. 

Prevalence (mean %) was determined for eggs of 

Strongyloides westeri (1.5%), Parascaris equorum 

(22.4%) and strongyles (27.6%) as well as Eimeria 

leuckarti oocysts (41.6%) identified in foal faeces. 

Foals had infestations with S. westeri on six farms 

(42.9%), with P. equorum on 12 farms (86%) and 

with strongyles and E. leuckarti on all 14 farms 

(100%) [Lyons E.T., 2003]. 

Avcıoğlu H., et al, 2016, in Turkey 

conducted a study on faecal samples, which were 

collected from 76 horses of different ages, sexes 

and breeds in the Erzurum region. Individual faecal 

samples were collected and then examined by 

flotation and sedimentation methods. The 

following species were detected: strongyles eggs 

(57.89%), Parascaris equorum (10.52%), 

Dicrocoelium dendriticum (2.63%), Fasciola spp. 

(2.63%) and Eimeria spp. (5.26%) [Avcıoğlu H., 

2016]. 

A total of 512 horses (320 mares, 170 

geldings and 22 stallions) were examined in 

Poland. In the group of 185 horses from individual 

farms, 119 animals (64.3%) were infected with 

gastrointestinal parasites. Of the 372 horses from 

agritourism farms, 169 (51.7%) were infected with 

parasites. Most of the animals expelled 

Cyathostominae eggs. In some individuals eggs of 

Strongylus spp., Parascaris equorum, 

Strongyloides westeri and Anoplocephala spp. 

were present. The number of infected horses on 

agritourism farms was lower than on individual 

farms, probably due to more regular deworming 

(usually twice a year) and more care of pastures 

[Sokół R., 2015]. 

A study carried out to estimate the 

prevalence of helminths in the horse population in 

the state of Brandenburg, Germany established the 

following values at the horse breeding level: 

Cyathostominae (98.4%), roundworms (16.7%), 

tapeworms (14.3%), pinworms (8.7%) and 

Strongyloides (4.0%). Strongylus vulgaris was 

identified in one farm. No liver flukes and 

lungworms were found [Hinney B., 2011]. 

 

CONCLUSIONS 

 

Parasitism in recreational and working 

horses studied in Mehedinți County was 

represented by Strongylidae and Parascaris spp., 

no other parasite elements were identified. 

The overall prevalence of identified species 

was 43.5% for Strongylidae and 21.17% for 

Parascaris spp.  

The concomitant presence of at least two 

species of parasites was observed in 17.64% of the 

horses examined. 
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Abstract 

 

The aim of this paper was to identify the clinical and paraclinical diagnostic elements of acute diarrheal syndrome in 

dogs, useful in streamling of treatment. The clinical diagnosis in haemorrhagical acute diarrheal was easy to establish 

given the profoundly altered general condition with cortical inhibition and melena; sometimes it has been clinically 

evolve as dysentery (frequent bloody defecation). In catarrhal acute diarrheal, it can sometimes be profuse (exhausting), 

accompanied by alteration of the patient's general condition and drowsiness. The ultrasonographical examination 

revealed inflammation of the intestinal wall with a hyperechoic appearance and a halo exterior hypoechogenic 

corresponding to parietal congestion. The haematological examination revealed hypochromic, normocytic anaemia and 

a systemic inflammatory syndrome (increased WBC=17.2±0.3x10³/mm³, decreased RBC=5.3±0.4x106/mm³, 

HGB=11.8±0.4 g/dl and CHEM=31.0±0.2 g/dl). The blood biochemical examination showed subclinical liver failure 

without impairment of renal and exocrine pancreas functions. The sero-haemorrhagical acute diarrhea had clinically 

manifested by cyclic episodes of diarrhea. The radiological examination revealed inflammation of the intestinal mucosa 

and the presence of superficial ulcers, and the coproparasitological examination confirmed cryptosporidiosis. On the 

other hands, the sero-haemorrhagical acute diarrhea was the consequence of traumatic gastroenteritis, confirmed by 

radiological exam (dense, radiolucent contents in the gastrointestinal mass). In this situation, the haematological 

examination revealed a systemic inflammatory process (increased WBC=18.0±0.3x10³/mm³) and hypochromic, 

normocytic anemia (decreased CHEM=31.8±0.3 g/dl). The blood biochemical examination revealed subclinical liver 

failure (increased ALT=88.2±0.3 IU/L and ALP=120.3±0.4 IU/L, values only). 
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Introduction 

 

The functional diarrhea is a typical clinical 

sign in enteritis, and in the dogs, the enteritis also 

evolves with clinical signs of gastritis due to the 

particularities of the digestive tract (Willard M.D. 

et al. 2014; Mortier F. et al. 2015). 

Clinically, acute diarrheal syndrome in dogs 

have frequently a haemorrhagic, catarrhal or sero-

haemorrhagic appearance, to which have add the 

common clinical signs of gastroenteritis (Berset-

Istratescu C.M. et al. 2014; Hall E.J. et al. 2010; 

Davenport D.J. et al. 2010). On the other hand, the 

acute diarrheal syndrome in the dogs have a varied 

etiology that doesn`t allow it to be addressed by a 

unitary therapeutic protocol (Hubbard K. et al. 

2007; Unterer S. et al. 2015; Hagiu N. et al. 1997). 

In order to establish the etiological diagnosis and 

to adopt a curative-prophylactic approach, it is 

often also necessary to carry out paraclinical 

diagnostic elements such as laboratory tests 

(haemolucogram, some parameters of the blood 

biochemical profile) and imaging investigations 

(ultrasound, radiography) (Singleton D.A. et al. 

2019; Minamoto Y. et al. 2015). 

Thus, the clarification of clinical and 

paraclinical diagnostic elements in the acute 

diarrheal syndrome frequently encountered in 

dogs, facilitates the clinical diagnosis and 

streamlines the treatment. 

 

Materials and Methods  

 
Research, has been done on dogs of 

different ages and breeds, showing clinical signs of 
acute diarrheal syndrome. The clinical diagnostic 
elements were the consistency and appearance of 
faeces, the frequency of defecation and the 
general condition of patient. From this point of 
view, the acute diarrheal syndrome was 
haemorrhagic, catarrhal or sero-haemorrhagic. 

Subsequently, depending on the clinical 
diagnosis were performed paraclinical 
examinations in order to specify the primary 
disease and to recommend the appropriate 
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treatment. For this purpose, were determined the 
haemoleukogram, some blood biochemical 
parameters of liver profile – aspartate- 
aminotransferase (AST), alanine-aminotransferaze 
(ALT), alkaline phosphatase (ALP), renal profile – 
creatinine (CRTN), blood-ureea-nitrogen (BUN) 
(Focak M. et al. 2017) and amylase (AMY), the 
ultrasound, radiological and coproparasitological 
examination. 

For the haematological examination, blood 
was collected on anticoagulant (EDTA) and were 
determined RBC (red blood cells), HCT 
(hematocrit), HGB (haemoglobin), VEM (mean 
erythrocyte volume), HEM (mean erythrocyte 
hemoglobin), CHEM (mean erythrocyte 
hemoglobin concentration), WBC (white blood 
cells) and PLT (platelets). For these determinations 
was used the automatic hematology analyzer – 
Abaxis Vet Scan HM5. 

For the biochemical examination, blood was 
collected in test tubes without anticoagulant for the 
serum expression and was used the automatic 
biochemical analyzer – Abaxis Vet Scan VS2. 

The ultrasound examination was performe 
using the Acuson NX3 Elite ultrasound and the 
probe 5-8 MHz. 

 

Results 

 

The clinical signs in the haemorrhagic acute 

diarrhea started with inappetence and retching 

associated with vomiting and diarrhea with 

hemolyzed blood (melena). The patient's general 

condition was profoundly alter, with cortical 

inhibition (deviation) and pulse with diminished 

qualities (increased frequency, decreased 

amplitude and tension). The dehydration was 

severe (skin fold persisting for more than 60 sec.), 

the gaze was expressionless, and during 

examination the posterior train was observed soiled 

with soft, bloody and foul-smelling faeces 

(melena). 

In some patients, the haemorrhagic acute 

diarrhea had appearance of dysentery (frequent 

bloody defecation and profound impairment of 

general condition). Clinical examination also 

revealed a thready pulse, inert attitudes, cyanosis 

and discoloration of the buccal mucosa, 

hypothermia and traces of soft, bloody faeces 

remaining on the thermometer. 

The clinical signs in the catarrhal acute 

diarrhea started with inappetence, vomiting, 

discrete haematuria and catarrhal diarrhea. Later, 

clinical signs of cortical inhibition (deviation), 

moderate dehydration (skin fold returning in 50 

seconds), tachycardia, cold extremities, elevated 

rectal temperature and soft faeces mixed with 

mucus remained after thermometry on 

thermometer. In some patients, the catarrhal 

diarrhea was profuse (exhausting), the patient's 

general condition deteriorated abruptly with 

repeated vomiting, followed by severe dehydration 

(skin fold persists over 60 seconds) and profound 

cortical inhibition (drowsiness). 

On the ultrasonographic examination in 

catarrhal acute diarrhea was observe in which the 

intestinal loops have a hypoechoic fluid content, 

inflamed intestinal wall with hyperechogenic 

appearance and a halo hypoechogenic outside 

corresponding to parietal congestion. The pyloric 

mucosa was also thicken with obvious 

hyperechogenic folds and a hypoechogenic 

inflammatory halo (catarrhal gastroenteritis) 

(Figure 1, a, b). 

 

 
a 

 

 
b 

Figure 1 – Catarrhal gastroenteritis 

a - intestinal loops with hypoechoic content;  

b -thickened pyloric mucosa 

 

The haematological examination showed 

increased WBC (17.2±0.3x10³/mm³), decreased 

RBC (5.3±0.4x106/mm³) and HGB (11.8±0.4 g/dl) 

and unchanged HCT and PLT values (Table 1). 

The blood biochemical examination showed 

elevated values of AST (60.8±0.3 IU/L), ALT 

(178.0±0.4 IU/L), ALP (147.0±0.3 IU/L). At the 

same time CRTN, BUN and AMY values were 

within the average reference values (Table 2). 
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Table 1 

 Results of the haematological tests in dogs with catarrhal gastroenteritis 

 

Blood parameter WBC PLT RBC HCT HGB VEM HEM CHEM 

Unit of measuring mii/µl mii/µl mil./µl % g/dl µ³ pg g/dl 

Values of reference 

(Susan E. et al. 1998) 
6-17 160-430 5.5-8.5 37-55 12-18 64-74 22-27 34-36 

Determined values 17.2±0.3 378 5.3±0.4 38.0±03 11.8±0.4 71.6±03 22.2±0.3 31.0±0.2 

Notes: WBC-white blood cells; PLT-Platelets; RBC-red blood cells; HCT-hematocrit; HGB-haemoglobin; VEM-mean 

erythrocyte volume; HEM-mean erythrocyte haemoglobin; CHEM-mean erythrocyte haemoglobin concentration 

 

 

Table 2 

 Results of the blood biochemical tests in dogs with catarrhal gastroenteritis 

Blood parameter AST ALT ALP CRTN BUN AMY 

Unit of measuring IU/L IU/L IU/L mg/dl mg/dl IU/L 

Values of reference 

(Susan E. et al. 1998) 
8.9-48.5 8.2-57.3 10.6-100.7 0.5-1.6 8.8-25.9 269.5-1462.4 

Determined values 60.8±0.3 178.0±0.4 147.0±0.3 0.9±0.2 12.4±0.2 752.0±0.5 

Notes: AST-aspartate-aminotransferase; ALT-alanine-aminotransferase; ALP-alkaline phosphatase; CRTN-creatinine; 

BUN-blood urea nitrogen; AMY-amylase 

 

 

Clinical signs in the sero-haemorrhagic acute 

diarrhea are the appetite present and the general 

condition slightly altered (listlessness). At long 

intervals of about 1-2 months, episodes of sero-

haemorrhagicaly diarrhea were observe, sometimes 

even with streaks of non-haemolysed blood. 

The radiological examination with contrast 

medium (barium sulphate) revealed inflammation 

of the intestinal mucosa and the presence of 

superficial ulcers. Coproparasitological 

examination indicated cryptosporidiosis (Figure 2). 

 

 
Figure 2 – Superficial intestinal ulcers, Cryptosporidiosis 

 

 

In some patients, the sero-haemorrhagic 

diarrhea was the consequence of traumatic 

gastroenteritis. The clinical examination revealed 

inappetence, vomiting, alternating periods of 

watery diarrhea and constipation, abdominal 

contraction, tachypnea and tachycardia. 

The haematological examination showed 

only an increased WBC (18.0±0.3x10³/mm³), the 

other haematological parameters determined had 

values within the physiological limits of the mean 

reference values. The calculated haematological 

parameters had values within physiological limits, 

except for CHEM (31.8±0.3 g/dl) (Table 3). 
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Table 3  

Results of the haematological tests in dogs with traumatic gastroenteritis 

Blood parameter WBC PLT RBC HCT HGB VEM HEM CHEM 

Unit of measuring mii/µl mii/µl mil./µl % g/dl µ³ pg g/dl 

Values of reference 

(Susan E. et al. 1998) 
6-17 160-430 5.5-8,5 37-55 12-18 64-74 22-27 34-36 

Determined values 18.0±0.3 362 6.2±0.4 44.0±0.3 14.0±0.3 70.9±0.4 22.5±0.4 31.8±0.3 

Notes: WBC-white blood cells; Plt-Platelets; RBC-red blood cells; HCT-hematocrit; HGB-haemoglobin; VEM-mean 

erythrocyte volume; HEM-mean erythrocyte haemoglobin; CHEM-mean erythrocyte haemoglobin concentration 

 

Table 4  

Results of the blood biochemical tests in dogs with traumatic gastroenteritis 

Blood parameter AST ALT ALP CRTN BUN AMY 

Unit of measuring IU/L IU/L IU/L mg/dl mg/dl IU/L 

Values of reference 

(Susan E. et al. 1998) 
8.9-48.5 8.2-57.3 10.6-100.7 0.5-1.6 8.8-25.9 

269.5-

1462.4 

Determined values 37.8±0.3 88.2±0.3 120.3±0.4 1.0±0.2 18.2±0.2 640.0±0.5 

Notes: AST-aspartate-aminotransferase; ALT-alanine-aminotransferase; ALP-alkaline phosphatase; CRTN-creatinine; 

BUN-blood urea nitrogen; AMY-amylase 

 

 

On the blood biochemical examination only 

elevated ALT (88.2±0.3 IU/L) and ALP 

(120.3±0.4 IU/L) values were obtained. These data 

indicate a subclinical liver failure without 

impairment of renal and exocrine pancreas 

functions (Table 4). 

On radiological examination, a dense, 

radiolucent content was observed in the 

gastrointestinal mass (Fig.3). 

 

 
Figure 3 – Traumatic gastroenteritis 

(through foreign bodies) 

 

 

Discussion 

In the haemorrhagic acute diarrheal no other 

paraclinical examinations were necessary to 

establish the clinical diagnosis and recommend 

treatment. The data obtained on clinical 

examination (bloody diarrhea) and anamnesis (lack 

of prophylactic vaccination) were sufficient to 

specify the diagnosis of haemorrhagic 

gastroenteritis, most likely viral in nature. 

On the other hands, in the catarrhal 

gastroenteritis the clinical examination and history 

which revealed diarrhea, vomiting and the 

appearance of feces that were soft and mucusy, to 

which was added the inflammatory syndrome were 

the data that indicated the clinical diagnosis. At the 

same time the values of the calculated 

haematological parameters, namely MEV and 

MEH were within the limits of the mean reference 

values and CHEM (31.0±0.2 g/dl) was below the 

limit of the physiological mean values. These data 

indicate a hypochromic, normocytic anaemia and 

an inflammatory syndrome that often accompanies 

catarrhal gastroenteritis, while the blood 

biochemical examination indicate subclinical liver 

failure without impairment of renal and exocrine 

pancreas functions. This shows the serious 

evolution of this type of diarrhea. 

In the sero-haemorrhagic diarrhea the 

etiological diagnosis of the primary disease is 

necessary for the appropriate treatment. 

Paraclinical examination indicate a systemic 

inflammatory process, a hypochromic, normocytic 

anaemia, subclinical liver or a traumatic 

gastroenteritis confirmed by a radiological 

examination; in this situation it is recommended 

surgical treatment. 
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Conclusions 

In the haemorrhagic acute diarrhea, the 

clinical examination (bloody diarrhea) and the 

history (patient's age and lack of prophylactic 

vaccination) are often sufficient to establish the 

diagnosis and recommend treatment, without 

further paraclinical examinations. Sometimes, it 

can evolve as dysentery (frequent bloody 

defecation) with profound impairment of the 

general condition. 

In the catarrhal acute diarrhea, in addition to 

the clinical examination, other paraclinical 

investigations are necessary to clarify the 

diagnosis, such as ultrasound, haematological or 

blood biochemical examination, in which case 

found an inflammatory syndrome or a 

pathophysiological syndrome of hepatocytolysis 

(increased serum transaminases). At other times, it 

may evolve clinically with the appearance of 

profuse (exhausting) diarrhea and profound 

cortical inhibition (drowsiness). 

In the sero-haemorrhagic diarrhea, the 

paraclinical diagnostic elements (radiological, 

coproparasitological) are essential for the 

aetiological diagnosis (primary disease) and 

recommendation of appropriate treatment. 
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Abstract 

 

        Infectious diarrhea of farm pigs causes some of the most significant financial losses for producers working in the 

pork industry through the loss of efficiency, as well as the loss of overall profitability of production. Highly virulent 

diseases, such as porcine epidemic diarrhoea, result in very high piglet mortality, causing producers enormous financial 

difficulties. Recurrent and less endemic diseases however, have greater long-term overall effects on health and 

productivity. The prevalence of swine diarrhea can vary from country to country, from one farming system to another 

and even from one farm to another.  

           The increasing pressure of pig production, the wide network of imports-exports, the constant evolution of 

pathogens that allow them to develop new adaptation and diversification mechanisms, and climate change, are some of 

the challenges faced by the global pork industry. Thinking about viruses being transmitted across species implies taking 

into consideration all issues arising from these pathogens. They not only reveal the vulnerabilities in human societies, 

whose functioning is disrupted by these outbreaks, but also the fragilities of the environments in which they appear.  
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Etiologic investigations of infectious 

diarrhea in swine were long limited to bacteria 

and protozoa. The advent of electron microscopy 

and molecular biology showed that diarrhea could 

also be caused by viruses, both in humans and in 

other animals. Several pathogens have been 

intensively studied, while others have yet to be 

investigated even though they have been reported 

in pigs all around the world. Recent events have 

shown the importance of the zoonotic potential of 

viruses, for example directly but also via 

potentially infected or contaminated food. The 

emergence of pathogens through inter-species 

passage corresponds to rare events, but a very 

high mutation rate increases their probability 

occurrence as evidenced by the over-

representation of single-stranded RNA viruses 

among the known examples of species jumping.  

Although the molecular mechanisms 

necessary to cross the species barrier are very 

diverse, the presence of compatible cell receptors 

represents a crucial step and several examples of 

crossing the species barrier have shown the 

determining role of mutations allowing viruses to 

recognize their receptor on cells of the new 

species target. Under these conditions, the risk of 

inter-species transmission will be higher that the 

receptors are phylogenetically conserved. This 

review evaluates the impact of porcine 

astroviruses, rotavirus, norovirus and hepatitis E 

virus in pig production network. 

Porcine astrovirus (PAstV) has been 

poorly studied and has been associated mainly 

with gastroenteritis. Astroviruses are naked 

single-stranded RNA viruses, small in size 

(28 to 30 nm) belonging to the Astroviridae 

family. Astroviruses have a genome 

composed of 3 ORFs designated ORF1a, 

ORF1b and ORF2. ORF1a and ORF1b 

encode for non-structural polyproteins, 

including a protease and an RdRp. ORF2 

encodes for the capsid structural protein 

transcribed by a subgenomic mRNA. The 

great diversity of Astrovirus species has led to 

multiple efforts to classify these different 

genera and species. This great genetic 

diversity makes it possible to find astroviruses 

in several animals in addition to humans, 

including cats, dogs, cattle, mice, deer, pigs, 

sheep, mink, bats, cheetahs, rats, rabbits and 
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other marine mammals, as well as in 

chickens, turkeys, ducks, pigeons and guinea 

fowl. Based on genetic analysis of the 

complete capsid region at the amino acid 

level, mammalian astroviruses will be divided 

into two main genogroups: genogroup I and 

genogroup II. Each genogroup includes 

astroviruses infecting different host species, 

and can be further subdivided based on both 

genetic and host species criteria (Rawal G, 

Linhares DC, 2022) 

In pigs, five different groups of 

porcine astroviruses have been identified 

(porcine astrovirus groups 1-5), these 

differences being due to their large genomic 

disparities. However, only porcine astrovirus 

“1” is part of Mamastrovirus. 

Genotypes A and B are able to infect 

humans (Carter, 2005). Among the viral 

agents known to cause enteric disease, 

importance of astroviruses as a cause of 

foodborne disease is perhaps the less well 

characterized (Percival et al., 2004). In 

infected people, the disease seems similar to 

that caused by rotaviruses, although it is much 

less severe (diarrhea of 2 3 days that does not 

cause significant dehydration). Other 

symptoms include headache, malaise, nausea, 

vomiting, and mild fever (Percival et al., 

2004; Méndez and Arias, 2007).  

Astroviruses can be transmitted 

through food, water, contaminated materials 

and person-to-person contact (Bosch et al., 

2014). Astroviruses are remarkably resilient 

in the environments. They resist several 

treatments including chlorinated water (7-9), 

low pH, lipid solvents and ionic detergents 

and non-ionic (Maclachlan et al, 2016).  

Molecular analysis has revealed the close 

relationship of PAstV with astroviruses of 

humans (HAstV) and cats (FAstV). 

Astroviruses appear to be ubiquitous 

in young animals and often associated with 

self-limiting gastroenteritis. Extra-intestinal 

infections have also been observed, causing 

encephalitis in cattle (Li et al., 2013), pigs 

(Arruda et al, 2017; Matias et al, 2019; 

Rawal, 2019) and mink (Blomström et al, 

2010). Porcine astroviruses were detected 

almost everywhere around the world, 

including Greece (Stamelou et al, 2022), 

Hungary (Boros et al, 2017), Czech Republic 

(Indik et al, 2006), US (Rawal, Matias et al, 

2019), Canada (Laurin et al, 2011; Luo et al, 

2011) (Table 1). 

 
Table 1.   

Epidemiology of swine astrovirus based on molecular detection studies 

 

 

Swine rotavirus is endemic in pig 

populations, and all swine herds certainly 

have a history of RV infection and 

circulation. Rotaviruses belong to the order 

Reovirales, family Sedoreoviridae which 

contains the genus Rotavirus divided into 10 

species designated Rotavirus A to J. 

Rotaviruses are non-enveloped, icosahedral 

viruses 75 nm in diameter and composed of a 

triple layer capsid. The genome consists in 11 

linear dsRNA segments and is formed in a 

unique morphogenic pathway, which involves 

acquisition of a transient lipid envelope 

during budding of immature particles into the 

endoplasmic reticulum (ER) 

(www.ictv.global).   

Sample type Overall detection Country Authors 

Faecal samples 80% Canada Luo et al, 2011 

Faecal samples 23,8% Colombia Ullua et Gutierrez, 2010 

Faecal samples 61,33% US Mor et al, 2012 

Faecal samples 34,25% Czech Republic Dufkova et al, 2013 

Faecal samples 89,6% Croatia Brnic ́ et al, 2014 

Faecal samples 38% Ireland O'Shea et al, 2016 

Brain stem  
and spinal cord 

60% Hungary Boros et al, 2017 

Brain stem  
and spinal cord 

100% US Matias et al, 2019 

Faecal samples 83% US Rawal, Matias, Macedo, et al, 
2019 

Faecal samples 95.4% Greece Stamelou et al, 2022 
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Each of the rotavirus species infects a 

wide variety of animal species. Humans are 

infected with rotaviruses belonging to 

Rotavirus A, B, and C species, while pigs are 

infected with Rotavirus A, B, C, E, and H 

species (Norman et al, 2014; Kwot et al, 

2020; Vlasova et al, 2017). In addition to 

humans, Rotavirus A, the most common 

Rotavirus species, can be found in pigs, 

monkeys, cattle, sheep, horses, dogs, cats, 

mice, rabbits and birds. Rotavirus B species 

also infects cattle, sheep, and rats, while 

Rotavirus C species also infects dogs, cattle, 

and cats (Martela et al, 2010). Rotavirus E is 

poorly documented, not making part of the 

species ratified by the ICTV and Rotavirus H, 

although prevalent in a few studies (Molinari 

et al, 2015), is only very rarely found and 

reported (Marthaler et al, 2014). 

Rotavirus A (RVA) and C (RVC) are 

the most common among all RV species 

reported in swine. RVA was considered most 

prevalent and pathogenic in swine; however, 

RVC has been emerging as a significant cause 

of enteritis in newborn piglets. Since no intra-

uterine passage of immunoglobulins occur in 

swine during gestation, newborn piglets are 

highly susceptible to RV infection at birth. 

Moreover, rotaviruses are constantly 

evolving, either by point mutation or as a 

result of genetic reassortment and many 

unusual human and/or animal strains have 

emerged in many countries (Santos N & 

Hoshino Y, 2005) and the list of human 

rotavirus strains that can recognize being a 

genomic segment of animal origin is far from 

complete. 

The structural proteins of the inner 

capsid VP7 and the outer capsid VP4 

correspond to the G (Glycoprotein) and P 

(protease-sensitive) antigens respectively 

inducing the production of neutralizing 

antibodies. Thus, these antigens have made it 

possible to define the types G and P of the 

viral strains and thus to better understand on 

the one hand the predominant strains in 

human diarrhea and on the other hand to 

compare them with the strains isolated in 

animals with a view to identify a possible 

zoonotic risk. The comparison of the genetic 

sequences made it possible to show the 

existence of a close relationship between 

certain animal and human rotaviruses or to 

discover new human genotypes which could 

recognize an animal origin, demonstrating 

that the specificity of host could be broken 

easily. Since the new virus classification 

system defined by Matthunssens et al (2008), 

there is a better understanding of the complex 

interactions between human and animal 

rotaviruses. Currently there are at least 23 G 

(VP7) and 32 P (VP4) genotypes identified. 

As early as 1996, it was shown 

experimentally that the Wa strain of human 

rotavirus G1P (Matthijnssens et al, 2008) was 

pathogenic in gnotobiotic pigs (Ward et al, 

1996). In addition, only pathogenic human 

strains cause diarrhea in pigs while attenuated 

human strains do not (Azevedo et al, 2005), 

allowing the porcine model to be used in 

assays to verify the efficacy human rotavirus 

vaccines. In Europe, human strains of 

rotavirus resembling porcine strains of group 

P (VP4) have often been identified (Yuan et 

al, 2006) and other serotypes of porcine origin 

have been noted in infantile diarrhea observed 

in non-European countries (Brazil, Argentina, 

Paraguay, India, Thailand) (Martella et al, 

2010).  The presence of porcine rotavirus 

group C was also proved detected in a 

Brazilian child with diarrhea (Gabbay et al, 

2008). It was highlighted the striking contrast 

between the low genetic diversity of the 

human strains isolated in group C 

(responsible for cases of diarrhea with 

hospitalization in less than 5% of children) 

and the great variability of the porcine strains 

of this group. 

 

Swine Calicivirus belongs to a large 

viral family, Caliciviridae, of the order 

Picornavirales infecting a wide variety of 

animals. This family includes a total of 11 

different genera, including the Norovirus and 

Sapovirus genera, both of which infect 

humans and pigs and cause gastroenteritis. 

The genera Norovirus and Sapovirus, have 

only one species, respectively Norwalk virus 

and Sapporo virus (www.ictv.global). 

Another recently discovered genus, Valovirus, 

including Saint Valerian virus can also be 

found in the gastrointestinal tract of pigs 

(Desselberg, 2019). 
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Calicivirus virions are 27–40nm in 

diameter, non-enveloped with a single-

stranded, positive-sense genomic RNA of 

6.4–8.5kb organized into either two or three 

major ORFs. Generally, caliciviruses are 

stable in the environment and enteric 

caliciviruses are acid-stable. Genotyping 

based on the complete capsid region (ORF2 

and ORF3) was until recently the gold 

standard (Vinje et al, 2004) for noroviruses, 

but RNA recombinations make the task more 

difficult (Bull et al, 2008). The latest 

classification has 10 genogroups and p-groups 

(GI to GX), 49 genotypes (9 GI, 27 GII, 3 

GIII, 2 GIV, 2 GV, 2 GVI and 1 each of 

GVII, GVIII, GIX and GX) and 60 p-types 

(14 GI, 37 GII, 2 GIII, 1 GIV, 2 GV, 2 GVI, 1 

GVII and 1 GX).  

A universal nomenclature has been 

proposed to use when depositing new 

norovirus sequences: Organism/Host/2-letter 

country code/Year of sample 

collection/Genotype[p-type]/Sample name.  

Genogroups GI, GII and GIV infect 

humans, and only genotypes GII.11, GII.18 

and GII.19 have been detected in pigs 

(Chhabra et al, 2019). 

The detection of swine norovirus dates 

back to 1997 when Sugieda et al. reported for 

the first time the presence of norovirus 

particles in swine faeces collected in Japan. 

Noroviruses of animal origin could infect 

humans, these are genogroup II noroviruses. 

Some have been detected in asymptomatic 

pigs in the Netherlands (Van der Poel et, 

2000) and Japan (Sigieda et al, 1998). The 

detection of this virus in the faeces of sick 

domestic animals shows that it could be a 

zoonosis without knowing exactly how these 

viruses circulate from animals to humans and 

vice versa or whether the animals represent a 

reservoir of these pathogens for humans 

(Table 2). 
 

Table 2.  
Epidemiology of swine norovirus in European countries 

 

 

In 2020, human noroviruses and other 

caliciviruses were the fourth most frequently 

reported causative agents of food and 

waterborne outbreaks in the European Union, 

associated with 130 outbreaks in thirteen 

member states (i.e., Belgium, Czechia, 

Denmark, Finland, France, Germany, Italy, 

Latvia, Malta, the Netherlands, Poland, Spain, 

and Sweden).  

Sapoviruses is classified in 19 

genogroups, subdivided into a total of 52 

genotypes, based on the nucleotide sequence 

of VP1. Human sapoviruses are divided into 7 

genotypes from each of the first 2 genogroups 

(GI.1 to GI.7 and GII.1 to GII.7), GIV and 2 

genotypes of GV (GV.1 and GV.2) (Oka et al, 

2015). Sapoviruses from pigs and wild boars 

are divided in 8 genogroups and 21 

genotypes: GIII, GV.3 and 5, GVI.1 to 3, 

GVII.1 to 6, GVIII.1 and 2, GIX.1 to 3, GX 1 

and 2 and GXI 1 to 3 (Sunaga et al, 2019). 

The first particles of sapovirus were 

found in human faeces by electron 

microscopy during manifestations of clinical 

signs of diarrhea in 1976 in the United 

Kingdom, then recognized as pathogens 

causing gastroenteritis. Epidemics of 

sapovirus gastroenteritis are fewer than those 

of norovirus in humans. 

Sapovirus RNA has frequently been 

detected in pig faeces, being found 

worldwide. The prevalence of porcine 

sapovirus vary greatly between countries, 

30.4% in Brazil (Barry et al, 2008), in 75% of 

farms in Canada (L’Homme et al, 2009), 

28.6% of farms in China (250), and also in 

Genotype Overall detection Country Authors 

GII.11 and GII.18 1,2% Slovenia Mijovski et al, 2010 

- 12.2% Spain Halaihel et al, 2010 

GII 5.8% Hungary Reuter et al, 2007 

GII.19 4.6% Belgium Mauroy et al, 2008 

GII.11 0.5% Italy Di Bartolo et al, 2014 

GII.18 14.2% Germany Machnowska et al, 2014 

GII.P11 2.53% Italy Laconi et al., 2020,  

GII.P11 and GII.P18 11.4% Italy Cavicchio et al., 2020 
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different farms from Denmark, Finland, 

Hungary, Italy, Slovenia and Spain (Reuter et 

al., 2010). The age group with the highest 

prevalence of sapovirus in pigs is 2 to 8 

weeks. 

Although there have been no cases of 

human infection from either porcine norovirus 

or sapovirus, there are still several factors that 

cause these viruses to be categorized as viral 

agents. potentially zoonotic. These two 

viruses have diverse genetic material, divided 

into multiple genogroups, but still have 

genogroups common to pigs and humans such 

as norovirus GII and sapovirus GV. 

Recombination events can occur in RdRp and 

VP1 regions within these genogroups (Wand 

et al, 2005). In addition, replication of a 

human GII norovirus has been demonstrated 

in gnotobiotic piglets (Cheetham et al, 2006) 

and antibodies against human noroviruses 

have been found in pigs in Venezuela (Farkas 

et al, 2005). The emergence of new strains 

with genetic material recombinant would be 

most likely to occur in countries where high 

livestock densities are close to human 

populations and where farming practices 

create close contact between humans and 

pigs. 

Hepatitis E virus is classified into the 

Hepeviridae family. The family Hepeviridae 

includes enterically transmitted quasi-

enveloped (blood or tissue culture) or non-

enveloped (faeces) positive-sense single-

stranded RNA viruses infecting mammals and 

birds (subfamily Orthohepevirinae) or fish 

(Parahepevirinae). Members of the subfamily 

Orthohepevirinae infect humans (genera 

Paslahepevirus) and domestic and wild 

mammals (genera Rocahepevirus) (Purdy et 

al, 2022). Although hepatitis E virus (HEV) is 

shed through faeces as a non-enveloped virus 

there is evidence that, HEV can hijack host 

membranes on assembly and exit. Possession 

of a host-derived envelope may allow the 

virus to circulate in a patient’s blood escaping 

detection by neutralizing antibodies (Yin et al, 

2016). 

Hepatitis E virus infections are found 

worldwide in human and swine population. 

Different genotypes infect humans and can be 

divided into two different groups: genotypes 1 

and 2, found in endemic areas, in developing 

countries where sanitary conditions are poor 

and genotypes 3 and 4 in sporadic cases, in 

industrialized countries. Genotype 7 has only 

very rarely been found in humans. 

Over the past 2 decades, evidence has 

accumulated implicating pigs and other 

animals in the zoonotic transmission of G3 

HEV to humans. In swine, hepatitis E virus 

infections are attributed to genotypes 3, 4 and 

5, in the same regions where the virus is 

sporadic in humans. Genotype 3 infections in 

pigs have also been found in areas where the 

hepatitis E virus is endemic in humans 

(Pischke et al, 2013).  
Table 3. 

Hepatitis E virus molecular detection in pig food products in Europe 

 
Country Food product ARN prevalence Authors 

UK 
pig liver 3% Berto et al, 2012 

sausages 10% 

France 

pig liver sausages 30% 

Pavio et al, 2014 dry salted liver 3% 

liver quenelles 25% 

Germany 
liver sausages 22% 

Szabo et al, 2015 
raw salami 20% 

Netherlands 

cervelat 10.8% 

Boxman et al, 2020 
salami 18.5% 

metworst 26.1% 

snijworst 16.3% 

Switzerland raw liver sausages 11.8% Giannini et al, 2017 

Switzerland 

meat products 11.1% 

Moor et al, 2018 liver sausages 18,9% 

raw meat sausages 5.7% 

France porc liver 2.8% Feurer et al, 2018 

Italy 

traditional pork meat 
products 

0% 

Montone et al, 2019 
wild boar homemade meat 

and liver sausages 
6.3% 
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Result of the studies developed in UK 

and Switzerland (Dalton et al, 2007; Fraga et 

al, 2017) identified that indigenous cases of 

HEV were occurring in economically 

developed countries (Table 3). It is now 

widely accepted that pigs are a zoonotic 

source of HEV transmission, though 

increased detection and awareness of HEV 

may also play a small role in the observed 

increase in cases. There is a risk of 

contracting HEV from undercooked pig 

products, and there is also potential for other 

livestock species to be unidentified hosts for 

the virus. Generally, foodstuffs containing 

raw pork meat is more likely to cause a 

foodborne infection than cooked foods due to 

no thermal inactivation of the virus. 

Some strains included in genotypes 3, 

4 and 7 of the hepatitis E virus have been 

identified as zoonotic strains of the hepatitis E 

virus. Several cases of transmission to 

humans of viral strains infecting pigs and vice 

versa have been listed, as well as the ingestion 

of camel meat contaminated with genotype 7 

of the hepatitis E virus (Lee et al, 2016). The 

pig would therefore be the primary reservoir 

of the hepatitis E virus in sporadic, non-

endemic areas due to the autochthonous 

nature of the infections.  

Consumption of raw or undercooked 

meat, game meat (Kamar et al, 2012), figatelli 

(a fresh sausage made from pork liver, 

smoked or dried) (Pavio et al, 2014), liver 

pâtés (Diez-Valcare et al, 2012) are known 

sources of zoonotic hepatitis E virus infection. 

In conclusion, efforts devoted to the 

implementation of biosecurity measures are 

necessary, because swine viral infections are 

contagious and  may cause harmful clinical 

manifestations that can cause great economic 

losses either by growth retardation or by the 

death of the animals. Viral infections in swine 

can cause several different pathologies, 

including polysystemic diseases, respiratory, 

urinary and reproductive system, skin and 

intestinal system, whose dysfunctions causing 

diarrhea are common problems in pig farms. 

These diarrheas can be caused by different 

pathogens, including many viral infections 

with zoonotic character. The control of  

zoonotic viral diarrhea requires a holistic 

view, including several factors such as washes 

and disinfection, immunity, pathogen 

treatments, gut microbiota, nutrition, stress 

reduction, and effective management 

practices. Pigs can act as intermediate and 

amplifying hosts for the viruses with zoonotic 

potential, thus the One Health approach 

should be applied in order to prevent the 

complex represented by public and animal 

health issues. 
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Abstract 

 

Monieziais is a global parasite disease of ruminants. It is caused by Moniezia expans and Moniezia benedini. As all 

tapeworms, Moniezia spp has an indirect life cycle with ruminants as final hosts, and oribatid mites (also called "moss 

mites" and "beetle mites") as intermediate hosts. The oribatid mites ingest the eggs, which hatch in their gut and 

develop to cysticercoids in the body cavity of the mites. They are infective for the final hosts. These thugs inhabit the 

small intestine of the host and clinical presentation is most common in young animals. There are disorders of profuse 

diarrhea, intestinal convulsions and obstruction, bloated abdomen, cachexia and death. Research on the prevalence of 

monieziais in ruminants has not been done in Serbia for more than fifty years. In our work, we presented the results of a 

preliminary examination of the prevalence of monieziais in certain regions of Serbia in large and small ruminants in the 

last ten years. Moniezia benedeni is a common tapeworm of cattle in Serbia and depending on the region, the prevalence 

is 3 to 5%. Moniezia expansa is more frequent in sheep and goats and occured in 11 to 23% of examined animals. 

Diagnosis is based on fecal examination for the presence of gravid segments (proglottids) or of eggs with a 

characteristic morphology. In the treatment of the disease, the most commonly used preparations are bezamidazole, 

niclosamide, and combination of  praziquantel and levamisole. 

 

Key words: sheep, goat, cattle, Moniezia expansa, Moniezia benedini 

 

 

The parasitic fauna of ruminants is rich and 

diverse. Among them, the largest percentage is 

made up of nematodes (gastrointestinal and lung 

parasites), while planthelminths make up only 20% 

of the total number. In addition, tapeworms are 

represented in adult form only by one genus from 

the family Anoplocephalidae, the family Moniezia 

and the species Moniezia expansa, M.benedini, M. 

autumnalis and M. Baeri (Soulsby E.J.L,1977, 

Roberts R.L.. et al.2005, Mehlhorn H., 2008) 
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 Moniezia species occur in ruminants in 

most parts of the world, M. benedeni primarily in 

cattle and M. expansa in cattle and sheep (Denegri 

G., et al.1998, Guo A., 2017) 

 As all tapeworms, Moniezia spp has an 

indirect life cycle, where ruminants is final hosts, 

and oribatid mites as intermediate hosts (Denegri 

G.,1993). In transmissio of Moniezia  occurs 

during the summer, and parasite burdens increase 

into the late summer and fall, when parts of adult 

parasites may be shed in the feces (Ardeleanu D. et 

al.2017). The young are more likely to have heavy 

infection than are older animals (Guo A.,2017).  

  The grazing semi-intensive breeding 

allows ruminats to  constant contact with 

tintermedial hosts (oribatids, mollusks, etc.) and 

eggs and larval forms of parasites, so that there is 

numerous animals that is infected with at least one 

parasitic species (Kenyon F. et al.2007, Bersissa et 

al.2011, Pavlovic I. and Ivanović S.,2019). 

Research on the prevalence of endoparasites, 

especially tapeworms, in ruminants has not been 

done in Serbia for more than fifty years (Babić 

B.P.,1965,Aleksić S.D.,1986,Marušić S.,1988). 

Then they were partially continued at the 

beginning of the nineties of the last century, but 

due to all the events in these areas, they were 

interrupted (Pavlović I. et al.1991, 1995, 2003, 

2007).  
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Finally, in the last ten years (from 2011 to 

2020), continuous research on the ruminant 

parasite fauna in Serbia has started again, and here 

we present the results of thet research with 

emphases on the prevalence of monieziais in large 

and small ruminants. 

 

MATERIAL AND METHOD 

 

Our research was systematically carried out 

in the all regions of Serbian in the period from 

2011 to 2020. Examination were performed in all 

areas where small and large ruminants are raised in 

semi-intensive breeding. Biodiversity of parasites, 

their prevalence and seasonal distribution, as well 

as economic indicators of the harmful effects of 

parasites, were monitored (Pavlović I., et al.2009 ). 

In this period, more than 350 herds of sheep 

(approximately 5,500 animals), 270 herds of goats 

(approximately 3,100 animals) and 90 herds of 

cattle (approximately 800 animals) were examined. 

In this period, approximately 9000 samples of 

sheep, goat and cattle feces were examined. 

Coprological examinations were performed in all 

herds using standard coprological methods 

(Euzebyn J.,1981, Pavlović I., Rogožarski 

D.2017).  Examinations we performed with 

Carl Zeiss AxioLab A1 microscope with the 

Axiocam 105 Color microscope camera and Zen 

Lite software. 

At same time more than 750 animals were 

examined postmortem (either on the slaughter line 

or after death).  

Determination of eggs and adult parasites 

we performed by morphological characteristic by 

key given by Euzeby J. (1981) and Anderson 

R.C.(2000).  

 

RESULTS AND DISCUSSION  
 

During our examination Moniezia benedeni 

is a common tapeworm of cattle in Serbia and 

depending on the region, the prevalence is 3 to 5%. 

Most prevalente are in northern part of Serbia 

(Vojvodina) where the prevalence ranges from 3-

19%, while in the south of Serbia the prevalence 

ranges from 1 to 3 percent. The most endangered 

are lowland pastures, where the largest number of 

transitional hosts - oribatids - are found. 

Moniezia expansa is more frequent in sheep 

and goats and occured in 11 to 23% of examined 

animals. It is mostly found in central Serbia, where 

the population of sheep and goats is present in the 

largest number (Petrović P.M.,. et al.2021, 

Pavlović I.,Ivanović S.,2022)... M.benedeni were 

occured in les than 1% (Pavlović I.,Kulišić Z., 

2007). 

Adult Moniezia belong to the largest 

parasitic tapeworms of livestock (SoulsbyE.J.L., 

1977). They can reach up to 10 m in length. 

Moniezia expansa can be up to 1.5 cm wide, 

M.benedeni up to 2,5 cm (Mehlhorn H., 2008)  The 

head (scolex) measures about 0.8 cm and has 4  

prominent suckers but no hooks. The main body 

(or strobila) has hundreds and up to thousands of 

segments (called proglottids). The segments are 

much broader than long. As in all tapeworms, each 

segment has its own reproductive organs of both 

sexes (i.e. they are hermaphroditic) and excretory 

cells known as flame cells (protonephridia). The 

reproductive organs in each segment have a 

common opening called the genital pore. In young 

segments all these organs are still rudimentary. 

They develop progressively, which increases the 

size of the segment as it is pushed towards the tail 

(Soulsby E.J.L.1977). 

Mature gravid segments are full of eggs 

(several thousands) and detach from the strobila 

(i.e. the chain of segments) to be shed outside the 

host with its feces. Otherwise, as other tapeworms, 

they have neither a digestive tube, nor a circulatory 

or respiratory systems. They don't need them 

because each segment absorbs what it needs 

directly through its tegument. Individual gravid 

segments in the feces are visible by the naked eye 

(Pavlović I.,and Rogožarski D.,2017) 

 Gravid segments containing the eggs are 

shed out and release the eggs only outside the host. 

The eggs are sticky and adhere to the vegetation or 

soil particles. Depending on the species and the 

region they can survive for months in the 

environment and some may survive cold winters, 

but they are very sensitive to dessication. The 

oribatid mites ingest the eggs, which hatch in their 

gut and develop to cysticercoids in the body cavity 

of the mites (Denegri G.,1993)They are infective 

for the final hosts. Cysticercoids can survive for 

months inside the mites, which on their turn have a 

live span of up to 18 months (Akrami M.A.,et 

al.,2007) 

 The final host becomes infected after 

ingesting contaminated mites while grazing. The 

mites are digested and release the cysticercoids 

that attach to the iner surface of the small intestine 

using a strong muscular sucers on their head and 

develop to adult tapeworms within a several 

weeks, depending on the worm species and the 

final host. The adult worms live for up to 18 

months inside their final host. Moniezia infections 

are rather benign for adult livestock and usually do 

not cause clinical signs.  

  The pathogenic effect of parasite 

is manifested by mechanical and toxic action 
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directly affecting the resorptive capacity of the 

intestine.   

 Due to the presence of parasites, partial 

intestinal obturation occurs, followed by 

intussusception, volvulus and sometimes intestinal 

rupture. Low-intensity infection is asymptomatic. 

High-intensity infections (especially in lambs and 

kids) are accompanied by digestive tract 

dysfunction, profuse diarrhea, intestinal 

convulsions and obstructions, distended abdomen, 

cachexia and death. In cattle, camels and wild 

ruminants, the infection proceeds with less 

pronounced symptoms (Pavlović I., et al. 2012, 

2013, 2015,2017). 

 Based on our experience, we recommend 

preimaginal deworming therapy in the spring 

(April, early May) - prevention of clinical 

manifestations of the disease and contamination of 

pastures with a large number of eggs. In case of 

new infections, deworming is repeated 30-40 days 

after the first one. Measures for the reduction of 

transitional hosts in the pasture - practically 

impossible (Truong P.N., Bake, D., 1998, Skipp 

R.A., et al., 2000) In the treatment of diseases, 

preparations based on bezamidazole, niclosamide 

and combinations of levamisole and preziquantel 

are most often used (Southworth J., et al.,1996, 

Ivanović S.,Pavlović I.,2015, Petrović P.M., et 

al.2021,PavlovićI.,Ivanović S., 2022) 

 

CONCLUSIONS 

 

 Prevalence of monieziais in Serbia in large 

and small ruminants in the last ten years shown 

that Moniezia benedeni is a common tapeworm of 

cattle in Serbia and depending on the region, the 

prevalence is 3 to 5%. Moniezia expansa is more 

frequent in sheep and goats and occured in 11 to 

23% of examined animals. The pathogenic effect 

of parasites is manifested by mechanical and toxic 

action directly affecting the resorptive capacity of 

the intestine.  
 Given that these are only preliminary 

studies, we are of the opinion that more attention 

should be paid to the study of the prevalence of 

monieziais in small and large ruminants in Serbia, 

as well as the development of control measures. 
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Abstract 

 

Lung ultrasonography (LUS) is a non-invasive and rapid method used for the diagnostic of respiratory diseases in all 

mammals. The changes in clinically observed respiratory patterns can be correlated with the modifications observed 

during transthoracic ultrasonography, thus the clinician can select an appropriate protocol for managing the animals with 

respiratory distress. The aim of this study is to emphasize the clinical utility of lung ultrasonography when dealing with 

cats in an emergency setting. Cats presented with respiratory distress were retrospectively reviewed and classified based 

on the aetiology of the disease. Lung ultrasonography was performed using the thoracic fast protocol (T-FAST). Vet 

BLUE ultrasonography and chest radiography were performed only when the clinical status of the patient was suitable 

for these diagnostic methods. Thirty-nine cats met the inclusion criteria. The presence of free fluid, B-lines, shred sign, 

nodule sign, organ sign and barcode sign have been assessed for each patient. Based on the findings, a differential 

diagnostic and a management protocol had been proposed. Lung ultrasonography is a non-invasive, stress-free and fast 

examination with high sensibility and specificity for diagnosing cats with breathing difficulty. 

 

Key words: lung ultrasonography; dyspnoea; acute respiratory distress; T-fast; B-lines;  

 

 

INTRODUCTION 

Shortness of breath is one the most common 

causes of emergency presentation. Dyspnoea is an 

unspecific clinical sign associated with increased 

breathing rate and changes in the respiratory pattern. 

It is often a marker of significant underlying 

disease, therefore requires prompt treatment. 

Investigations performed to discover the underlying 

aetiology must be balanced with the status of the 

animal, as stress can be detrimental in these patients 

(Tseng L. W., 2000). 

Ultrasonographic examination of the lung has 

been described in both human and veterinary 

medicine, with targeted point-of-care protocols for 

obtaining a fast diagnostic. Two point-of-care 

protocols are designed for the veterinary patients: 

the Thoracic Focus Assessment with Sonography 

for Trauma protocol (T-FAST) and the Veterinary 

Brief Lung Ultrasonography Examination protocol 

(Vet BLUE). Both protocols were designed with 

two precise, different purposes. T-FAST protocol 

monitors the presence of free fluid (pleural effusion, 

pericardial effusion and cardiac tamponade) and air 

(pneumothorax), whereas the Vet BLUE protocol 

evaluates the regional lung parenchyma 

(recommends an assessment system for the presence 

of B and A lines, as well as other changes located 

                                                 
1  Clinic Departament, Faculty of Veterinary Medicine, University of Life Sciences “Ion Ionescu de la Brad”, Iași, 

Romania 

on the periphery of the lung lobes) (Lisciandro G. 

R., 2011; Lisciandro G. R., 2017). 

The T-FAST technique evaluates the changes 

occurring in four main points at the level of both 

sides of the chest, guided by the principle that "air 

rises and liquid descends". The right and left chest 

tube sites (CTS) are assessed for the presence of 

gliding sign. The right and left pericardial sites 

(PCS) for pericardial and pleural fluid and 

estimation of volume status (Lisciandro G. R., 

2011).  

The Vet BLUE protocol aims to determine 

the condition’s aetiology in animals with dyspnoeic 

syndrome. The technique involves the qualitative 

and quantitative assessment of the presence of A 

lines, B lines and lung signs (shred sign, nodule sign 

and tissue sign) in less than 90 seconds. This method 

has a high sensitivity for ruling out left-sided 

congestive heart failure in dogs (88%) and in cats 

(96%) (Lisciandro G. R., 2017).  

The radiological examination of cats 

experiencing dyspnoea is controversial. It is well 

known that the patient needs to maintain a lateral, 

dorso-ventral or ventro-dorsal recumbence. 

Therefore, it is advisable to delay this procedure 

until the cat is hemodynamically stable or 

performed with the animal under general anesthesia, 
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securing the airways. Regardless, the two imaging 

methods are complementary. The main advantage 

for radiologic examination is the possibility of 

having an overview of the thorax, including the 

ribcage and the profound structures.  

  

MATERIAL AND METHOD 

 
This retrospective observational study 

included cats presented for acute onset of 
respiratory distress at the Veterinary Teaching 
Hospital, between March 2021 and May 2022. 
Written consent for all procedures was obtained 
from the owners. Cats were included if the 
ultrasonographic evaluation of the thorax using 
either the T-FAST or Vet BLUE protocol was 
available. Patients were excluded from this study if 
the stored examination was incomplete.  

All cats were subjected to a physical 
examination prior to LUS. The time of onset, 
breathing rate, breathing pattern and mucosal color 
have been assessed. If necessary, the cats 
received oxygen supplementation and/or opioid 
analgesic (Butorphanol) before and during the 
examination.  

The ultrasound examination was carried out 
using two devices (General Electric LOGIQ V5 
Expert ultrasound machine, equipped with a 
microconvex transducer 7.5-10 MHz, linear 
transducer 6-12 MHz and phased array transducer 
2.4-8 MHz, and the SonoScape E1V ultrasound 
machine equipped with a microconvex transducer 
4-13 MHz). 

T-FAST ultrasound examination was 
performed without patient preparation, therefore the 
position of the cat remained unchanged, the fur was 
not trimmed and ultrasonographic gel was not 
applied, but CTS, PCS and hepato-diaphragmatic 
(HD) sites were degreased using medicinal alcohol. 
These steps were subsequently performed if, after 
the initial evaluation, thoracentesis was performed. 

Vet BLUE ultrasound examination was 
carried out inconstantly after clipping the fur. 
Compared to the T-fast method, animals were 
examined in sternal recumbency or standing, to 
allow evaluation of both hemithoraxes. 

Regardless of the protocol of choice, LUS 
was performed using a microconvex or phased 
array probe positioned perpendicular to the pleural 
space, using high frequencies in order to allow 
assessment of surface structures. 

For each patient, the following findings in 
LUS had been tracked: presence of A and B lines, 
presence of pleural or pericardial effusion, the 
shred, nodule, organ and barcode sign. The A lines 
represent reverberation artifacts and appear 
horizontal, parallel, and equidistant to the pleura. 
They generally appear in healthy individuals, but 
could appear obliterated due to B lines or reinforced 
in pneumothorax. The B lines represent comet tail 
artefacts starting that appear perpendicular to the 
pleural line and move with the pleura during 

breathing. The presence of 1-2 B lines per 
intercostal space is normal in clinically healthy 
animals. Pathologically, they are associated with 
pulmonary edema and interstitial lung pathologies. 
These lines may converge, giving the appearance 
of a wet or white lung (Lichtenstein D. A., 2007). The 
shred sign is associated with consolidation and 
peripheric air bronchogram perceptible on 
radiography. The nodule sign is present when 
discrete nodules are consolidated or infiltrated. The 
organ sign indicates the presence of abdominal 
herniated organs in the thoracic cavity. The barcode 
sign is typically found in patients with 
pneumothorax. 

Twenty-eight cats underwent radiological 
examination of the thorax, either before or after the 
ultrasonographic evaluation, in order to obtain an 
overview of the thoracic cavity. The X-ray 
examination has been included in the study if at 
least two orthogonal chest images had been 
obtained. Chest X-rays have been performed using 
two machines, DR MAXIVET 400HF and 
Intermedical Basic 4006 equipped with mobile arm 
using phosphor plates and the X-CR Smart Exam 
digital system.  

 

RESULTS AND DISCUSSIONS  

 

Thirty-nine cats met the inclusion criteria. 

The population comprised the following breeds: 

domestic shorthair (n=26), Persian (n=6), British 

Shorthair (n=3) and one of each Russian Blue, 

Birman, Siamese, Norwegian forest. Twenty-three 

cats were male and sixteen females, with unassessed 

reproductive status. The mean age and standard 

deviation of the population was 6.44±5.09 years, 

and the mean bodyweight and standard deviation of 

the population was 3.48±1.01 kg.  

Based on the aetiology, the patients have 

been divided into six groups, as following: 

traumatic conditions (25.64%; n=10), primary 

cardiological disorder (28.2%; n=11), primary 

respiratory disease (12.82%; n=5), neoplastic 

disease (25.64%; n=10) and unknown aetiology 

(7.69%; n=3). The latter group consists of animals 

that had incomplete history, animals whose owners 

declined further investigations or animals that had 

succumbed prior to complete the required 

investigations. Nonetheless, these patients were not 

excluded from the study, but rather express a 

limitation regarding the accessibility for advanced 

diagnostic imaging, such as endoscopy or 

Computed Tomography (CT). 

The correlation between the aetiology and 

dyspnoeic syndrome in cats is consistent with the 

literature. To the author’s best knowledge, there is 

only one study assessing the aetiology of the 

dyspnoeic syndrome in cats presented in an 

emergency setting, which concludes that the most 

common associated diseases are cardiac diseases 
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(37.7%), primary respiratory diseases (32.2%), 

neoplastic (20%) and traumatic conditions (8.9%) 

(Swift S., 2009). 

The T-FAST protocol was used for 

hemodynamically unstable cats, sometimes 

simultaneously with the performance of other 

necessary medical procedures in order to stabilize 

the animal, such as pleurocentesis. If the initial 

examination detected the presence of B lines, the 

Vet BLUE protocol was implemented. For 

hemodynamically stable patients a complete LUS 

was performed. The T-FAST protocol were 

performed according to the initial recommendations 

(Boysen S. R., 2013). Changes introduced in the 

authors' last article (Lisciandro G. R., 2021) were 

evaluated when the Vet BLUE protocol was 

performed or during the cardiological examination. 

As the point-of-care protocols became more 

popular, the feasibility of the methods became 

uncontestable. However, the multitude of steps 

included in the T-FAST protocol distract the 

examiner from to the original purpose of the 

examination method, they complicate the working 

method and lengthen the examination time, which 

could be detrimental when dealing with dyspnoeic 

cats.  

 

 
Figure 1 – Graphical representation of 

ultrasonographic findings in association with the 
aetiology of the disease 

 

The correlation between LUS findings and 

aetiology for the studied population is depicted as 

stacked bar chart in figure 1.  

The patients included in the trauma group 

revealed either normal findings during T-FAST 

(30%) or pathological findings, such as B-lines as a 

result of pulmonary contusion (50%), pleural 

effusion due to hemothorax (30%), barcode sign due 

to pneumothorax (30%) and organ sign due to 

transdiaphragmatic hernia (10%) (figure 2). The 

trauma resulted in unknown conditions (n=4) or due 

to free fall (n=2), dog bites (n=2) and hit by car 

(n=2). 

 

 

 

 
Figure 2 – LUS findings in trauma patients. A – A 

lines; B – B lines; C – pleural effusion; D – barcode 
sign;  
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Figure 2 – LUS findings in trauma patients. E – organ 

sign.  
 

 The second group consists of cats with 

primary cardiac conditions. LUS findings revealed 

B-lines associated with cardiogenic pulmonary 

edema (45.45%), pleural effusion (72.72%) and 

pericardial effusion (9.09%) (figure 3). All cats 

underwent a complete cardiological examination 

including cardiac ultrasonography after the initial 

assessment. The definitive diagnostic was feline 

hypertrophic cardiomyopathy (n=8) and one of each 

nutritional dilated cardiomyopathy and tricuspid 

dysplasia.  

 

 
Figure 3 – Pleural and pericardial effusion in a cat 

diagnosed with unclassified hypertrophic 
cardiomyopathy. 

 

 The third group consists of cats with 

primary respiratory disease. The importance of 

point-of-care LUS for this group derives from the 

necessity to rapidly differentiate primary 

cardiogenic disorders from primary respiratory 

ones, as well as to identify patients with acute lung 

injury (ALI) or acute respiratory distress syndrome 

(ARDS). ARDS is a life-threatening condition 

where the lungs cannot provide enough oxygen to 

the vital organs. ALI and ARDS are secondary 

disorders caused by a severe inflammatory reaction, 

the origin of which may be the lung or a site distant 

to the lung. A diagnosis is based on the presence of 

four main criteria: the acute onset (less than 72 

hours), the presence of a primary underlying disease 

that causes enough inflammation to set up a reaction 

in the lungs, evidence of pulmonary capillary leak 

without evidence of increased hydrostatic pressures 

and evidence of inefficient gas exchange (Boiron L., 

2016). The most important and practical diagnostic 

tests include a thorough history, thoracic 

radiography, echocardiography, and arterial blood 

gas analysis (Wilkins P. A., 2007). However, cats 

have the tendency to mask all clinical signs, 

therefore the owners will not be able to identify 

minor changes in the breathing rate or pattern. This 

results in belated presentation at the veterinarian, 

frequently in an emergency setting. By assessing the 

PCS, a differential diagnostic can be proposed prior 

to other more invasive diagnostic procedures that 

might increase the stress level of the cat and even 

worsen the dyspnoea, such as collecting blood 

samples. The LUS findings for this group revealed 

the presence of B-lines (100%) constantly 

associated with interstitial lung patterns on chest 

radiography, shred sign (20%) (figure 4) and nodule 

sign (20%). The definitive diagnostic was aspiration 

pneumonia (n=2), feline asthma (n=1), 

aelurostrongylosis (n=1) and one owner declined 

supplementary investigations. Based on the hypoxia 

level, one cat has been diagnosed with ALI, 3 with 

ARDS and one was unassessed.  

 

  
Figure 4 – Severe shred sign in a cat with aspiration 

pneumonia 
 

 The fourth group consists of cats with 

neoplastic disease. LUS findings revealed pleural 

effusion (60%), nodule sign (50%) (figure 5) and B-

lines (10%). The definitive diagnostic consisted of 

mesothelioma (n=4), lymphoma (n=2), thymoma 

(n=1) and three owners declined fine needle 

aspiration and cytological investigations.  
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Figure 5 – Nodule sign in a cat with mesothelioma 

 

 Three cats have been presented with pleural 

effusion of unknown aethiology. No other abnormal 

findings have been detected with LUS of chest 

radiography. Pleurocentesis was performed, 

revealing transudate in two cats and chylothorax in 

one. The owners declined further investigations.   

 Chest radiographies have been obtained for 

twenty-eight cats using standard protocols. The 

localizations of abnormal findings are shown in 

figure 6.  

 

 
Figure 6 – Graphical representation of affected 
anatomical segments diagnosed using X-ray in 

association with the aetiology of the disease 
 

 The fact that most of the abnormalities have 

been associated with the pulmonary parenchyma 

and pleural space in dyspnoeic cats is thus not 

surprising. The ultrasonographic examination has 

increased sensitivity when assessing these segments 

(Richards J. R., 2017), therefore their description 

was not considered an objective of this paper. 

However, the importance of obtaining an overview 

of the thorax is underlined by pathologies associated 

with the rib cage, airways or cardiological diseases.  

 Three cats with thoracic trauma had 

multiple rib fractures. For these patients, pain 

management has been implemented in order to 

increase the patient comfort and decrease the 

respiratory stress. One cat with primary respiratory 

disease revealed severe bronchial pattern on X-ray. 

Due to the fact that ultrasounds can only assess the 

superficial structures of the thorax, this method is 

limited in diagnosing airway disease. Thoracic 

radiography is insensitive for identification of mild 

or moderate cardiac changes associated with feline 

cardiomyopathy (Virginia Luis Fuentes, 2020). 

However, severe cardiomegaly was observed in 

four cats.  

 

CONCLUSIONS 

 

Lung ultrasonography is a non-invasive, 

stress-free and fast examination method with high 

sensibility and specificity for diagnosing cats with 

difficulty breathing. Based on the findings, a 

suitable management protocol can be implemented 

and a differential diagnostic can be obtained.  
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Abstract 

 

Mediastinal cysts are previously described as incidental findings in cats. A nine years old, 2.8 kg, Persian cat was 

presented to out Veterinary Teaching Hospital (VTH) for mild dyspnea. Chest radiographies, revealed an incapsulated 

soft tissue opacity in the cranial mediastinum. Thoracic lung ultrasonography (LUS), evinced the presence of a cyst-like 

structure. Furthermore, the cat was subjected to complete cardiological examination and complete blood analysis. Echo-

guided drainage followed by cytological examination was carried out in order to reach a definitive diagnostic and to 

improve the general status of the patient. No other medical treatment has been pursued. Monthly evaluations have been 

performed during a period of five months, and the drainage was repeated one more time until the complete resolution of 

the pathology. No signs of relapse have been noticed over a period of two years. Only four cats diagnosed with 

idiopathic mediastinal cyst have been mentioned in the literature. To the author’s best knowledge, this is the first case 

report which describes the dynamic evolution of an idiopathic mediastinum cyst in Persian cat presented for mild 

dyspnoea. 

 

Key words: idiopathic mediastinal cyst; cranial mediastinum; dyspnoea; thoracic radiography; lung ultrasonography 
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INTRODUCTION 
 

A nine years old, 2.8 kg, spayed female 

Persian cat has been presented to our VTH for 

asynchronous breathing pattern and tachypnea 

associated to stressful situations. The clinical signs 

have been observed by the owner a week prior to 

presentation. The cat had no history of associated 

pathologies. At time of presentation, the animal 

was alert and responsive. Physical examination 

revealed normal body condition score, normal-

colored mucosal membranes and capillary refill 

time (CRT) less than two seconds, normal findings 

during palpation of the lymph nodes. The animal 

presented a respiratory rate (RR) of 42 rpm, heart 

rate of 220 bpm, oxigen saturation (SpO2) of 85% 

and arterial pressure of 181/89 mmHg (SAP/DAP). 

Pulmonary auscultation revealed absent breath 

sounds on the cranial half of the thorax and 

decreased cardiac sounds. Based on the findings, a 

pleural space occupying lesion has been suspected. 

 
CASE PRESENTATION 

 
Written consent for all the following medical 

procedures has been obtained from the owners. 
The first intention procedure was oxygen 
supplementation administered via nasal cannula. 

Lateral (LL) and dorso-ventral thoracic (DV) 
radiographies have been obtained using the 
Intermedical Basic 4006 machine equipped with 
mobile arm using phosphor plates and the X-CR 
Smart Exam digital system. On the lateral view, an 
ovoid shape with soft tissue opacity occupied the 
cranial half of the thoracic cavity. A mass effect 
affected the tracheal silhouette, which narrowed 
the angle between the tracheal bifurcation and the 
thoracic spine. The opacity overlapped the cranial 
contour of the heart. The area of the tissue opacity 
assessed on the right LL view was 33.8 cm2. The 
lung parenchyma of the diaphragmatic lobes had a 
normal radiological aspect (figure 1).  

 

 
Figure 1 – Right LL thoracic radiography, 1st 

evaluation. Soft tissue opacity creating a mass effect 
on the trachea and heart 
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On the DV view, the right hemithorax 
appeared occupied entirely by soft tissue opacity, 
with the heart silhouette displaced towards the left 
hemithorax (figure 2). The maximal measured 
dimensions of the mediastinal soft tissue opacity 
mass were 105/53/46 mm. 

 

 
Figure 2 – DV thoracic radiography, 1st evaluation. 
Soft tissue opacity occupying the right hemithorax 

 

Subsequently, LUS was performed using the 
General Electric LOGIQ V5 Expert ultrasound 
machine (equipped with a microconvex transducer 
7.5-10 MHz, linear transducer 6-12 MHz and 
phased array transducer 4-8 MHz). An ovoid, thin 
walled, single lumen, anechoic-filled structure 
localized in the cranial mediastinum has been 
identified when assessing the right hemithorax, 
with a maximal diameter measured cranial to the 
heart base of 5 cm (figure 3). No pleural effusion 
was detected. Computed tomography (CT) was 
suggested, but owners declined. We consider this 
a limitation of the study, due to the fact that no CT 
results correlated to idiopathic mediastinal cyst 
have been reported. 
 

 
Figure 3 – Initial LUS findings. Anechoic-filled ovoid 

structure in the cranial mediastinum 

Ultrasound-guided drainage was performed 
using a 5 cc syringe and a 21 G 3/4 inch needle. At 
the end of the procedure, a residual volume was 
not removed, observed as an anechoic triangular 
shape cranial to the base of the heart, with a 
maximal depth of 2.6 cm. The aspirate obtained 
sixty milliliters of clear fluid with a specific gravity 
<1.010, refractive index <1.3360 and no protein 
contain (figure 4). Cytological examination was 
negative for the presence of cellular contents.  

 

 
Figure 4 – Macroscopic aspect of the fluid during 

drainage 

 
After the procedure, the breathing pattern 

normalized, with a RR of 22 rpm and 98% SpO2. 
The oxygen supplementation was stopped, and 
chest radiographies were repeated. On LL view, a 
triangular shaped soft tissue opacity was 
overlapped with the cranial aspect of the heart 
silhouette, with an area of 7.13 cm2. The area of 
the structure decreased by 78.9% (figure 5). The 
maximal dimensions of the opacity decreased to 
37/31/22 mm. No mass effect modified the 
topography of the trachea and the heart. No signs 
of reactive thoracic lymph nodes were observed. 

 

 
Figure 5 – Right LL thoracic radiography, 1st 

evaluation after aspiration. Decreased area of the 
soft tissue opacity  

 

A complete cardiological examination 
revealed normal ECG and normal morphology of 
the heart. Blood analysis consisting of complete 
blood count and biochemical blood test were 
unremarkable. Based on the findings, the definitive 
diagnosis of idiopathic mediastinal cyst with a good 
prognosis has been established. No medical 
treatment was prescribed for the patient, and a 
reevaluation has been scheduled in 30 days. The 
owners have been informed about the possibility of 
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relapse, and were instructed to measure the RR of 
the cat three times a week, during sleep (Ohad D., 
2013).  

One month later, the owners described no 
signs of respiratory effort, absence of exercise 
intolerance and normal behavior. The physical 
examination revealed normal colored mucosal 
membranes and normal CRT, with a RR of 24 rpm 
and 98% SpO2. Chest X-ray and LUS were 
repeated. On the LL view, a triangular shape with 
soft tissue opacity and an area of 8.77 cm2 was 
overlapped to the cardiac silhouette. On ventro-
dorsal view (VD), the mass overlapped the right 
cranial lung lobe and the right atrium. No mass 
effect was observed. The maximal dimensions of 
the cyst were 65/33/18 mm. Therefore, the 
comparison of the areas assessed on LL view 
show an increase of 23% (figure 6). LUS revealed 
a minor accumulation of fluid within the cyst, with a 
maximal depth of 2.85 cm measured cranial to the 
heart and 0.7 cm between the right atrium and 
thoracic wall. No other medical procedures have 
been carried out. A third monthly evaluation has 
been proposed. 

 

 
Figure 6 – Right LL thoracic radiography, 2nd 

evaluation 
 

Thirty days later, the owners reported no 
changes in behaviour or respiratory pattern. The 
RR was 28 rpm, with constant 98% SpO2. 
Compared to the previous examination, the LL 
chest X-ray presented a cranial rectangular 
accumulation of fluid additional to the triangular 
shape noticed before. No mass effect was 
detected. The maximal dimensions of the cyst 
were 78/32/22 mm, with an area of 13.01 cm2 

(figure 7). Therefore, the cyst increased by 82% in 
comparison to the area assessed after aspiration. 
LUS findings revealed an increase of maximal 
depth cranial to the heart to 4.2 cm and between 
the right atrium and thoracic wall to 1.7 cm. A 
second ultrasound-guided fine needle aspiration 
was proposed but the owners declined the 
intervention.  

 
Figure 7 – Right LL thoracic radiography, 3rd 

evaluation 
 

The fourth evaluation was carried out next 
month. The owners reported no signs of dyspnoea, 
however they subjectively assessed the cat as 
being less active. The clinical examination was 
normal, the areal comparison of the cyst dimension 
(17.32 cm2) revealed a constant progress, with an 
increase of 142.98% compared to the area after 
aspiration (figure 8). The maximal dimensions of 
the cyst were 77/41/19 mm, creating a mass effect 
on the intrathoracic trachea and the heart. 
Ultrasound-guided fine needle aspiration was 
performed using the same protocol. A volume of 31 
ml have been withdrawn with the same 
characteristics. Chest X-rays have not been 
obtained after the centesis. 

 

 
Figure 8 – Right LL thoracic radiography, 4th 

evaluation 
 

One month later, during the fifth evaluation 
no abnormalities have been reported by the 
owners or noticed during physical examination. 
Chest X-rays have been performed using DR 
MAXIVET 400HF machine and the measurements 
have been obtained using the VXvue System. The 
maximal dimensions of the cyst were 41/10.2/18.2 
mm, with an area of 2.09 cm2 on LL view. The 
triangular soft tissue opacity overlapped the apex 
of the heart, with no abnormalities detected in the 
cranial half of the thoracic cavity (figure 9). LUS 
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detected no fluid interposed between the heart and 
thoracic wall.  

 

 
Figure 9 – Right LL thoracic radiography, 5th 

evaluation 

 
The last recheck has been carried out two 

years after the initial diagnosis. The owners 
reported a less active lifestyle of the animal, 
without any discomfort observed. The respiratory 
pattern was normal, with a FR of 30 rpm and an 
SpO2 of 99%. On the lateral chest X-ray no sign of 
enlargement of the cyst was observed. The 
maximal dimensions of the cyst were 21/9.5/13.7 
mm, with an area of 1.29 cm2 (figure 10). Age-
related changes were observed such as increased 
sternal contact of the heart silhouette and ventral 
displacement of the tracheal bifurcation. On LUS 
no pathological changes were remarked in the 
cranial mediastinum. It is important to mention that 
the body weight remained constant throughout the 
five months, no lymph node enlargement has been 
detected during physical examination of imaging 
procedures and no pleural free fluid has been 
detected during LUS. 

 

 
Figure 10 – Right LL thoracic radiography, 6th 

evaluation 

 

DISCUSSIONS  

 

The physical examination of cats can be 

challenging due to the fact that on one hand they 

have the tendency of hiding signs of acute and 

chronic pain and on the other hand the 

physiological signs of acute stress cand result in 

abnormal examination findings in otherwise 

healthy cats (Quimby J. M., 2011). Such signs 

include tachycardia, tachypnea, hypertermia and 

pupillary dilation. Cats may hyperventilate, 

breathing both rapidly and deeply, or pant from 

either stress or disease, creating difficulty 

differentiating cardiac or respiratory compromise 

from stress (Horwitz D. F., 2018). This cat 

expressed tachypnea and asynchronous breathing 

pattern, the latter being a symptom that is 

significantly associated with pleural space disease 

as single localization in both dogs and cats. In cats, 

this breathing pattern has also been associated with 

chest wall localization. This breathing pattern 

consists of inward movement of the abdominal 

wall during inspiration. Moreover, the association 

with decreased lung auscultation sounds is highly 

sensitive (99%) but not very specific (45%) for this 

localization (Sigrist N. E., 2011). A study focusing 

on nine cats diagnosed with cranial mediastinal 

cysts reports that eight of them had no signs of 

respiratory distress, whereas one expressed 

respiratory distress possibly correlated to 

associated pathologies (Zekas L. J., 2002). Another 

study focused on describing six cats with 

mediastinal cysts states that a cat with an associate 

diagnosis of feline infectious peritonitis 

experienced dyspnoea (Camero C. M., 2019). 

However, the RR and breathing pattern have not 

been mentioned for any of the patients. Two 

studies describe four cats with idiopathic 

mediastinal cyst, none of whom presented 

dyspnoea (Zekas L. J., 2002; Reichle J. K., 2000). 

Therefore, we conclude that due to the fact that 

respiratory signs are mild, they are easily 

misinterpreted as stress and might be ignored by 

owners or unexperienced staff. In our case, the low 

SpO2 prior to aspiration correlated to the 

respiratory pattern were the best indicators of 

dyspnoea.  

The age of the cats diagnosed with 

mediastinal cyst ranged between 9-17 years. For 

three of the cats diagnosed with idiopathic 

mediastinal cyst the signalments were not given 

(Zekas L. J., 2002), still one case report describes 

this pathology in a thirteen years old Domestic 

Shorthair cat (Ellison G. W., 1994).  

The radiological examination of the thorax 

is insufficient in carrying a definitive diagnostic. 

Tissue and liquid opacities have a similar 

appearance, therefore the differential diagnostic for 

such findings localized within the cranial 

mediastinum should include neoplastic disease, 

such as lymphoma, thymoma, ectopic thyroid 
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tissue, heart-based tumors or metastatic neoplasia, 

or non-neoplastic disease, like abcess, granuloma, 

benign thymic hyperplasia, haemorrhage or cyst 

(Camero C. M., 2019).  

Thoracic ultrasonography is performed in 

order to differentiate the abovementioned 

pathologies. It is a fast and stress-free diagnostic 

procedure that has been thorough described during 

the last years (Lin C. H., 2020). Uniformly 

hypoechoic masses have been associated with 

lymphosarcoma, neuroendocrine tumors, and 

pulmonary lymphomatoid granulomatosis, in 

contrast to complexe or heterogenous masses that 

are associated to mast cell tumor, lymphosarcoma, 

thymoma, thyroid carcinoma, melanoma and 

hemorrhage (Reichle J. K., 2000).  

Depending on the general status of the 

animal, fine needle aspiration followed by 

cytological analysis is the standard procedure that 

needs to be performed in order to obtain a 

definitive diagnosis of idiopathic mediastinal cyst 

and to stabilize the patient. If the cyst has a 

tendency of recurrence, surgical excision must be 

considered followed by histological analysis 

(Rogers K., 1997). However, none of the cases 

reported in the literature underwent surgical 

excision. Necropsy findings have been reported in 

one study, where histological analysis noted that 

the cyst lining was non-ciliated and resembled 

mesothelium (Ellison G. W., 1994).  

The prognosis for idiopathic mediastinal 

cyst is excellent (Camero C. M., 2019). However, 

we recommend serial evaluations, due to the fact 

that discrete clinical signs might mask the 

recurrence of the disease. In our case, significant 

changes were observed four moths after the initial 

assessment, with a peak value for the area of the 

cyst measured 150 days after the first drainage that 

required a second centesis. Over the next nineteen 

months the imagistic evaluation of the cyst marked 

no changes. 

 

CONCLUSIONS 

 

It is important to consider idiopathic 

mediastinum cyst in the differential diagnosis for 

cranial mediastinum pathologies. This pathology is 

underdiagnosed in veterinary medicine. 

Considering the fact that in all the reported cases, 

including this paper, conservatory procedures were 

sufficient for long-term management of the 

patients, the authors suggest thorough 

investigations when assessing mediastinal changes. 
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