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Abstract  
 
Diarrhea and digestive disorders represent one of the leading causes of mortality in calves during the first days of life. 
This study aimed to establish the level of antibiotic resistance of the flora identified in calves with digestive problems 
and also in their environment. Bălțată Românească calves aged up to three weeks, showing an increased 
morbidity/mortality from a farm in Brașov county, as well as their habitat were sampled. Eight antimicrobials used in 
ruminants and on this specific farm (penicillin, streptomycin, amoxicillin, gentamicin, oxytetracycline, tulathromycin, 
cefaclor, trimethoprim/ sulfamethoxazole) were tested for their efficacy against the bacterial isolates. The samples were 
subjected to standard microbiological examinations; subsequently, strains such as Escherichia fergusoni, Escherichia 
hermannii, Shigella dysenteriae, Proteus penneri, Morganella morganii ssp. siboni, Escherichia coli, Escherichia 
vulneris, with potentially high pathogenicity were identified. The highest antibacterial efficacy was observed with 
gentamicin. The MAR (multiple antibiotic resistance) index exceeded the value of 0.2 for each of the tested strains, 
indicating a high level of antibiotic resistance of the isolated bacterial population, thus supporting the inducive role of 
isolated species in the clinical episodes.  
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INTRODUCTION  
 
Neonatal calf diarrhea (NCD) is a significant 
cause of calf mortality, reduced growth and 
increased age, difficulty in first calving, leading 
to an economic loss worldwide (Windeyer et 
al., 2014).  
It is a multi factorial disease entity that can 
have serious financial and welfare implications 
and is one of the most prevalent diseases seen 
in calves up to 3 months (Fentie et al., 2020; 
Yimer et al., 2015).  
The disease may be triggered by both 
infectious and non-infectious factors - the 
individual characteristics of the calf, veterinary 
treatments applied, management of the herd, 
and environmental factors (Bendali et al., 
1999).  
Infectious agents are undoubtably the main 
cause of mortality. Among the numerous 
infectious agents causing NCD, rotavirus, 
coronavirus, Escherichia coli enterotoxin 
K99/F5, and Cryptosporidium parvum spp. are 
recognized as the four most encountered 
pathogens (Naylor, 2009). The aim of this 

study was to evaluate the degree of antibiotic 
resistance of Gram-negative microorganisms 
isolated from different areas in the farm and 
from diseased or healthy calves, together with 
the effectiveness of disinfection in controlling 
the bacterial population on farm. At the time of 
sampling, an elevated rate of mortality was 
seen in calves aged between 3 and 15 days, 
showing signs of severe diarrhea.  
 
Farm and animals  
The farm is located in Brașov county and at the 
time of the study comprised a herd of 70 adult 
cattle and 20 heifers of Bălțată Românească 
breed. Fatteners are also raised until the age of 
11-12 months, when they are culled at an 
average weight of 400 kg. In addition, the 
owner had bought and introduced calves from a 
few other farms in the proximity. There were 
about 100 calves on the farm, 70 bulls and 30 
females. The farm has two stables: a building 
with the capacity of accommodating 50 cows, 
dating from the communist era, and new stable 
built in 2010 which houses heifers and calves; 
this stable also has a well bounded extension in 

 
Biendl, M. (2009). Hops and health. Technical 

Quarterly: Master Brewers Association of the 
Americas, 46(2). 

Bocquet, L., Sahpaz, S., Riviere, C. (2018). An overview 
of antimicrobial properties of hop. Natural 
Antimicrobial Agents, Sustainable Development and 
Biodiversity 19, 31–54, Springer International 
Publishing. 

Callemien, D., Collin, S. (2010). Structure, organoleptic 
properties, quantification methods, and stability of 
phenolic compounds in beer - a review. Food 
Reviews International, 26, 1–84. 

Cook, N. C., Samman, S. (1996). Review: flavonoids-
chemistry, metabolism, cardioprotective effects and 
dietary sources. Journal of Nutritional Biochemistry, 
7(2), 66–76. 

Denke, M. A. (2000). Nutritional and health benefits of 
beer. The American Journal of the Medical Sciences, 
320(5), 320–326. 

Eckhardt, F. (2008). Lager Beer vs. Ale Beer—Does It 
Matter? All About Beer Magazine, 29(5). 

Eßlinger, H. M. (2009). Handbook of Brewing: 
Processes, Technology, Markets. WILEY-VCH 
Verlag GmbH & Co, KGaA, Weinheim. 

Haseleu, G., Intelmann, D., Hofmann, T. (2009). 
Identification and RP-HPLC-ESI-MS/MS 
quantitation of bitter-tasting β-acids transformation 
products in beer. Journal of Agriculture and Food 
Chemistry, 57, 7480-7489. 

Helweg, R. (2013). The complete guide to brewing your 
own beer at home: everything you need to know 
explained simply. Atlantic Publishing group Inc., 
Ocala, Florida. 

Kammhuber, K. (2005). Differentiating between the 
world range of hop varieties according to bitter 
compounds and polyphenols. Hopfenrundschau 
International 05/06, 42-46. 

Khoo, H. E., Azlan, A., Tang, S. T., Lim, S. M. (2017). 
Anthocyanidins and anthocyanins: colored pigments 
as food, pharmaceutical ingredients, and the potential 
health benefits. Food & nutrition research, 61(1), 
1361779.  

King, A. J., Dickinson, J. R. (2003). Biotransformation 
of hop aroma terpe-noids by ale and lager yeasts. 
FEMS Yeast Research, 3, 53-62. 

Knez Hrnčič, M., Španinger, E., Košir, I. J., Knez, Ž., 
Bren, U. (2019). Hop compounds: extraction 
techniques, chemical analyses, antioxidative, 
antimicrobial, and anticarcinogenic effects. Nutrients, 
11(2), 257. 

Kocyigit, A., Selek, S. (2016). Eksojen Antioksidanlar 
iki yönü keskin kılıçlardır. Bezmialem Science, 2, 70-
75.  

Kumar, S., Pandey, A. K. (2013). Chemistry and 
biological activities of flavonoids: an overview. The 
Scientific World Journal, 2013, 162750. 

Kunimune, T., Shellhammer, T. H. (2008). Foam-

stabilizing effects and cling formation patterns of iso-
alpha-acids in lager beer. Journal of Agricultural and 
Food Chemistry, 56(18), 8629-8634. 

Marinova, G., Batchvarov, V. (2011). Evaluation of the 
methods for determination of the free radical 
scavenging activity by DPPH. Bulgarian Journal of 
Agricultural Science, 17(1), 11-24. 

Olsovska, J., Bostikova, V., Dusek, M., Jandovska, V., 
Bogdanova, K., Cermak, P., Bostik, P., Mikyska, A., 
Kolar, M. (2016). Humulus lupulus L. (hops) - a 
valuable source of compounds with bioactive effects 
for future therapies. Military Medical Science Letters, 
85(1), 19-30. 

Pavsler, А., Buiatti, S. (2009). Lager Beer. Beer in health 
and disease prevention. Part I, Chapter 3, 31-43, 
Academic Press, Elsevier. 

Rice-Evans, C. A., Miller, N. J., Bolwell, P. G., 
Broamley, P. M., Pridham, J. B. (1995). The relative 
antioxidant activities of plant-derived polyphenolic 
flavonoids. Free Radical Research, 22(4), 375-383. 

Schönberger, C., Kostelecky, T. (2011). 125th 
Anniversary Review: The role of hops in brewing. 
Journal of the Institute of Brewing, 117(3), 259-267. 

Skomra, U., Koziara-Ciupa, M. (2020). Stability of the 
hop bitter acids during long-term storage of cones 
with different maturity degree. Polish Journal of 
Agronomy, 40, 16-24. 

Standage, Т. (2020). Unconventional Wisdom: 
Adventures in the Surprisingly True. The Economist 
Newspaper Ltd, London. 

Taniguchi, Y., Taniguchi, H., Yamada, M., Matsukura, 
Y., Koizumi, H., Furihata, K., Shindo, K. (2014). 
Analysis of the components of hard resin in hops 
(Humulus lupulus L.) and structural elucidation of 
their transformation products formed during the 
brewing process. Journal of Agricultural and Food 
Chemistry, 62(47), 11602-11612. 

Van Cleemput, M., Cattoor, K., De Bosscher, K., 
Haegeman, G., De Keukeleire, D., Heyerick A. 
(2009). Hop (Humulus lupulus)-derived bitter acids 
as multipotent bioactive compounds. Journal of 
Natural Products, 72(6), 1220-1230. 

Walters, B. (2004). Searching for the Holy Grail: My 
travels in Western Europe. Virtualbookworm.com 
Publishing Inc., US. 

Wassmann, S., Wassmann, K., Nickenig, G. (2004). 
Modulation of oxidant and antioxidant enzyme 
expression and function in vascular cells. 
Hypertension, 44(4), 381-386. 

Whittle, N., Eldridge, H., Bartley, J. (1999). 
Identification of polyphenols in barley and beer by 
HPLC/MS and HPLC/electrochemical detection. 
Journal of the Institute of Brewing, 105(2), 89-99. 

***Analytica EBC (1998). Verlag Hans Carl Getränke-
Fachverlag, Nürnberg. 

***Analytica Microbiologyca EBC (2001). Verlag Hans 
Carl Getränke-Fachverlag, Nürnberg. 

 

AgroLife Scientific Journal - Volume 11, Number 2, 2022
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



240

which the owner keeps some of his sheep. The 
farmer also owns a flock of 300 sheep, Țurcană 
breed, pigs for family consumption and one 
horse.    
The farm is situated on 250 ha of agricultural 
land, of which 150 ha of arable land and 100 ha 
of pasture. The source of fodder, corn for 
silage, oats, sunflower, soybeans, rye, alfalfa 
and other herbs crops are self-provided. The 
shelter is designed as a stable with medium 
stands, which are provided with tying chains at 
the edge of the manger. The floor is made of 
concrete, with sawdust or straw bedding. The 
lighting of the shelter is both natural and 
artificial. In the cold season, the animals have 
permanent housing, in the warm season they 
are taken out to pasture, and the pregnant 
heifers and the young are kept outside. 
The calves are kept in boxes of 2-4 individuals 
in the first 15 days, then they are distributed 
into groups of 4-8, until weaning. After 
weaning, they are placed in boxes of 15-20 
calves. Feeding is done by teat.  
The mandatory sanitary actions had been 
previously carried through. All the animals had 
been subjected to the intradermal skin test for 
tuberculosis, anthrax vaccination, and to 
serological surveillance for enzootic bovine 
leukosis (EBL), bovine brucellosis and 
paratuberculosis.  
 
Feed ratio  
Animal feed consists of silage, alfalfa hay, hay 
and concentrated fodder composed of corn, 
wheat, oats, sunflower and soybeans (heat 
treated or soybean meal). Dairy cows are given 
a feed consisting of 50% silo, 25% alfalfa 
hay/grass, 20% flour and 5% premix mixed 
with flour (Table 1).  
 

Table 1. Feed ratio according to age 
 Days 0-

7  
Days  
7-70 

Days 
71-130  

Days 
131-205  

Days 
206- 
330  

Colostrum 6 L/day - - - - 
Milk 
substituents 
(milk powder) 

 
- 

 
6 L/day 

 
- 

 
- 

 
- 

Concentrated 
fodder 

- A.l. 
(approx. 
intake 40 kg) 

2 
kg/day 

8 
kg/day 

15 
kg/day 

Alfalfa hay - A.l. A.l. A.l. A.l. 
Mineral cubes - A.l. A.l. A.l. A.l. 
Corn silage - - - 10 kg 15 kg 
Water - A.l. A.l. A.l. A.l. 
A.l.= ad libitum 
 

Description of morbid episodes  
Once the number of cows on the farm 
increased, the farmer noticed significant rise in 
calves loss every year, from 5% to 30% in 4 
years. In 2020, out of 80 calves of own pro-
duction, about 50% showed digestive and 
respiratory problems. 50% of these died 
between 2 days and 6 weeks of age. The 
digestive symptoms included diarrhea, progre-
ssive weight loss, severe dehydration with 
enophthalmia, and permanent recumbency. 
Others conveyed respiratory signs, such as 
coughing and dyspnea. New calves were 
brought in and the number of calves reached 
100. They were kept in boxes accommodating 
of 4-5 individuals each, for a 14 days quaran-
tine. Antibiotics (tulathromycin and oxytetracy-
cline) and vitamins were prophylactically 
administered when introduced into the herd. 
In 2021, out of a total of 60 calves, about 40% 
showed signs of disease and approximately 
40% died. 50 calves were subsequently 
introduced in order to restore the population. 
The same conduct was applied the next year, 
the calves were kept in boxes of 4-5 calves 
each, and upon introduction into the herd, they 
were prophylactically administered antibiotics 
(tulathromycin and amoxicillin) and vitamins. 
After weaning, they were placed in boxes of 
15-20 individuals. 
 
MATERIALS AND METHODS 
 
Collection and transport of samples 
Samples were taken either from healthy calves, 
from carcasses of from calves recovered from 
disease, from their stalls and from other farm 
areas difficult to reach (Table 2). These were 
collected using sterile swabs, moistened with 
0.9% saline, which were subsequently 
introduced into Amies transport medium. The 
sampling from calves was done by inserting the 
tampon into the rectum and gently rotating the 
swab for 5 seconds. The samples were 
transported safely, at constant temperatures, 
protected from the action of sunlight and low 
temperatures. 8 samples were taken from 
animals/places at 28 days interval. The samples 
were transported to the Laboratory of 
Infectious Diseases within the Faculty of 
Veterinary Medicine, Cluj-Napoca, where they 
underwent bacteriological examination. 

First sampling was done in March, as most 
parturitions occur during this month. The 
collection of the second round of samples was 
done within 4 weeks of the first sampling, 
under the conditions of application of chlorine 
and formalin-based disinfectants. It followed 
the same protocol, but included other calves 
with diarrhea or clinically healthy, aged 
between 2 and 4 weeks.  
 

Table 2. Sampling sites and materials 

Sample 
no. 

First sampling 
source 

Second 
sampling 
source 

Sampled 
material 

1. Stall no. 1 Stall no. 1 Walls and 
hardly 
accesible 
areas 

2. 2 days old calf 
with diarrhea 

8 days calf with 
diarrhea 

Rectum and 
feces 

3. 10 days old 
healthy calf 

12 days calf 
with diarrhea 

Rectum and 
feces 

4. Stall no. 2 Stall no. 2 Walls and 
hardly 
accesible 
areas 

5. Stall no. 3 Stall no. 3 Walls and 
hardly 
accesible 
areas 

6. Stall no. 4 Stall no. 4 Walls and 
hardly 
accesible 
areas 

7. Stall no. 5 Stall no. 5 Walls and 
hardly 
accesible 
areas 

8. 15 days old 
healthy calf 

20 days old 
healthy calf 

Rectum and 
feces 

 
Microbiological examination 
The samples were inoculated on meat broth and 
incubated for 24 hours at 37°C. Subsequently, 
they were transferred onto McConkey agar 
medium and subjected to the same incubation 
conditions. 
The susceptibility to antibiotics was assessed 
by the Kirby Bauer disk-diffusion method. For 
the qualitative interpretation of the results, the 
diameters in mm of the inhibition zones were 
compared with the standard diameters 
established according to the antibiotic and its 
concentration by CLSI (Clinical and 
Laboratory Standards Institute), with the 
classification of bacterial strains into three 
distinct categories; sensitive, intermediate and 

resistant. We tested with 8 antibiotics 
recommended in this species and frequently 
used on the farm: streptomycin (Oxoid, 10 
mcg/disk), amoxicillin (Oxoid, 30 mcg/disk), 
gentamicin (Oxoid, 30 mcg/disk), 
oxytetracycline (Oxoid, 30 mcg/disk), 
tulathromycin (Oxoid, 30 mcg/disk), cefaclor 
(Oxoid, 30 mcg/disk), trimethoprim/ 
sulfamethoxazole (Oxoid, 30 mcg/disk), 
penicillin (10 UI). For each bacterial strain, the 
Multiple Antibiotic Resistance (MAR) index 
was calculated according to Krumperman's 
formula. A MAR coefficient > 0.2 indicated 
exposure to high-risk sources of human or 
animal contamination, an environment with 
frequent use of antibiotics. In contrast, a MAR 
value <0.2 is considered to indicate a rare use 
or no use of antibiotics. The formula provides 
the ratio between the number of antibiotics to 
which the microorganism was resistant and the 
number of antibiotics to which it was exposed 
(Sandhu et al., 2016). 
 
Biochemical identification  
ENT 16 is a standardized identification system 
for common Enterobacteriaceae species. 16-18 
species of microorganisms are included in the 
data base. ENT 16 kit consists of 16 microtiter 
strips in the classic 96-well format containing 
dehydrated substrates. The reconstruction of 
the substrates is done by inoculating the bac-
terial suspension. Color change occurs during 
incubation, due to the metabolic activity of 
microorganisms, which causes discoloration in 
individual wells. The test results are read 
visually based on a color scale. The identi-
fication results are read from the evaluation 
table or using the evaluation software. 
 
RESULTS AND DISCUSSIONS 
 
Following the described protocol, we identified 
of a number of 7 bacterial genera at the first, 
respectively 5 bacterial genera at the second 
sampling, performed after the disinfection. 
There was no statistically significant difference 
in the abundance of microorganisms between 
the two samplings (14 vs. 15 bacterial strains). 
The two Escherichia species together, Hafnia 
alvei and Citrobacter braakii accounted for 
21.4%, followed by Leclercia adecarboxylata 
with 14.29% and Morganella morganii ssp. 
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0.9% saline, which were subsequently 
introduced into Amies transport medium. The 
sampling from calves was done by inserting the 
tampon into the rectum and gently rotating the 
swab for 5 seconds. The samples were 
transported safely, at constant temperatures, 
protected from the action of sunlight and low 
temperatures. 8 samples were taken from 
animals/places at 28 days interval. The samples 
were transported to the Laboratory of 
Infectious Diseases within the Faculty of 
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underwent bacteriological examination. 

First sampling was done in March, as most 
parturitions occur during this month. The 
collection of the second round of samples was 
done within 4 weeks of the first sampling, 
under the conditions of application of chlorine 
and formalin-based disinfectants. It followed 
the same protocol, but included other calves 
with diarrhea or clinically healthy, aged 
between 2 and 4 weeks.  
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The samples were inoculated on meat broth and 
incubated for 24 hours at 37°C. Subsequently, 
they were transferred onto McConkey agar 
medium and subjected to the same incubation 
conditions. 
The susceptibility to antibiotics was assessed 
by the Kirby Bauer disk-diffusion method. For 
the qualitative interpretation of the results, the 
diameters in mm of the inhibition zones were 
compared with the standard diameters 
established according to the antibiotic and its 
concentration by CLSI (Clinical and 
Laboratory Standards Institute), with the 
classification of bacterial strains into three 
distinct categories; sensitive, intermediate and 

resistant. We tested with 8 antibiotics 
recommended in this species and frequently 
used on the farm: streptomycin (Oxoid, 10 
mcg/disk), amoxicillin (Oxoid, 30 mcg/disk), 
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value <0.2 is considered to indicate a rare use 
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the ratio between the number of antibiotics to 
which the microorganism was resistant and the 
number of antibiotics to which it was exposed 
(Sandhu et al., 2016). 
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ENT 16 is a standardized identification system 
for common Enterobacteriaceae species. 16-18 
species of microorganisms are included in the 
data base. ENT 16 kit consists of 16 microtiter 
strips in the classic 96-well format containing 
dehydrated substrates. The reconstruction of 
the substrates is done by inoculating the bac-
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incubation, due to the metabolic activity of 
microorganisms, which causes discoloration in 
individual wells. The test results are read 
visually based on a color scale. The identi-
fication results are read from the evaluation 
table or using the evaluation software. 
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Following the described protocol, we identified 
of a number of 7 bacterial genera at the first, 
respectively 5 bacterial genera at the second 
sampling, performed after the disinfection. 
There was no statistically significant difference 
in the abundance of microorganisms between 
the two samplings (14 vs. 15 bacterial strains). 
The two Escherichia species together, Hafnia 
alvei and Citrobacter braakii accounted for 
21.4%, followed by Leclercia adecarboxylata 
with 14.29% and Morganella morganii ssp. 



242

sibonii, Shigella dysenteriae and Proteus 
penneri with 7.14% prevalence in the 
population isolated in the first sampling.            
C. braakii and E. coli accounted for 26.66% in 
the second sampling, followed by Serratia 
odorifera with 20%, H. alvei with 13.33%, and 
Shigella dysenteriae and E. vulneris with 
6.66% (Table 3).  

 
Table 3. Biochemical identification results of both 

samplings 
Sampling site First sampling Second sampling 

Walls and hardly 
accesible areas  

1.1 Morganella 
morganii ssp. sibonii 

1.1 Citrobacter 
braakii 

1.2 Hafnia alvei 
Rectum and feces  2.1 Leclercia 

adecarboxylata 
2.2Escherichia 

fergusonii 
 

2.1 Citrobacter 
braakii 

2.2 Serratia 
odorifera bv.2 

Rectum and feces  3.1 Escherichia 
hermannii 

3.1 Escherichia 
coli 

Walls and hardly 
accesible areas  

4.1 Leclercia 
adecarboxylata 
4.2 Hafnia alvei 

4.3 Citrobacter braakii 

4.1 Shigella 
dysenteriae (gr. A) 

4.2 Escherichia 
coli 

Walls and hardly 
accesible areas  

5.1 Shigella 
dysenteriae (gr. A) 

5.2 Hafnia alvei 
5.3 Citrobacter braakii 

5.1 Serratia 
odorifera bv.1 

5.2 Escherichia 
vulneris 

5.3 Serratia 
odorifera bv.2 

Walls and hardly 
accesible areas  

6.1 Proteus penneri 6.1 Hafnia alvei 
bv.1 

Walls and hardly 
accesible areas  

7.1 Escherichia 
fergusonii 

7.1 Escherichia 
coli 

7.2 Citrobacter 
braakii 

Rectum and feces  8.1 Citrobacter braakii 
8.2 Hafnia alvei bv.1 

8.1 Citrobacter 
braakii 

8.2 Escherichia 
coli 

 
An increased bacterial load could be seen in 
calves and the environment. The most 
important bacteria blamed for the occurrence of 
neonatal diarrhea in calves in the first period of 
life belonged to the genus Escherichia. E. coli, 
E. vulnerans and E. hermannii were identified 
in the feces of calves, in the environment, in 
cracks in the walls and in inaccessible areas. 
They were also identified on the walls, areas 
continuously exposed to feces carrying various 
microorganisms. Bacteria were often found in 
areas more difficult to be reached by 
disinfectants, or where disinfectants were 
insufficiently applied. All the samples 
examined showed mixed microbial flora, in the 
majority of cases represented by the 
combination of Gram-positive and Gram-
negative bacteria. We could not observe a 
decrease in the population of bacteria or a 

significant change in its variety between the 
first and second sampling, i.e. before and after 
the disinfection was applied. 
The results showed that gentamicin was the 
most effective off all antibiotics tested on the 
bacterial populations identified at first 
sampling. It displayed antimicrobial activity 
against all agents identified on the farm, 
including E. coli, considered the most 
pathogenic. E. coli was resistant to penicillin, 
streptomycin, amoxicillin, tulathromycin, 
cefaclor, trimethoprim/sulfamethoxazole, 
amoxicillin/clavulanic acid. 
Gentamicin had a very good action on bacterial 
populations isolated in the sampling which 
followed disinfection. Cefaclor, on the other 
hand, had the lowest efficiency. Tulatromycin, 
trimethroprim/sulfamethoxazole and amoxicillin 
also showed efficiency against on E. coli. 
All of the isolates were attributed an elevated 
resistance to antibiotics, with a MAR index 
over 0.2 (Table 4). Extremely resistant were 
most of the microorganisms in the genera 
Escherichia and Citrobacter. As they were best 
represented in the samples, the finding was 
statistically defended.  
 

Table 4. MAR index for each bacterial strain identified 
         Microorganism MAR 

First sampling 
1.1 Morganella morganii ssp. sibonii 0.375 
2.1  Leclercia adecarboxylata 0.375 
2.2 Escherichia fergusonii 0.75 
3.1 Escherichia hermannii 0.75 
4.1 Leclercia adecarboxylata 0.375 
4. 2 Hafnia alvei 0.625 
4.3 Citrobacter braakii 0.375 
5.1 Shigella dysenteriae (gr. A) 0.625 
5.2 Hafnia alvei 0.75 
5.3 Citrobacter braakii 0.25 
6.1 Proteus penneri 0.75 
7.1 Escherichia fergusonii 0.75 
8.1 Citrobacter braakii 0.50 
8.2 Hafnia alvei bv. 1 0.625 

Second sampling 
1.1 Citrobacter braakii 0.625 
1.2 Hafnia alvei 0.75 
2.1 Citrobacter braakii 0.75 
2.2 Serratia odorifera bv. 2 0.75 
3.1 Escherichia coli 0,5 
4.1 Shigella dysenteriae (gr. A) 0.375 
4.2 Escherichia coli 0.375 
5.1 Serratia odorifera bv. 1 0.5 
5.2 Escherichia vulneris  0.5 
5.3 Serratia odorifera bv. 2 0.75 
5.4 Escherichia vulneris  0.75 
6.1 Hafnia alvei bv. 1 0.875 
7.1 Escherichia coli 0.75 
7.2 Citrobacter braakii  0,75 
8.1 Citrobacter braakii 0.25 
8.2 Escherichia coli 0.75 

One of the underlying reasons for the 
occurrence of neonatal diarrhea is the failure to 
transfer passive immunity (Windeyer et al., 
2014). Meanwhile it is possible that there is a 
management deficiency on farm, rendered in 
the poor hygiene - even bottle feeding of 
colostrum may be a source of                                   
E. coli contamination (Mohammed et al., 2018) 
- insufficient care for calves to suckle 
colostrum in the first few hours of life, 
vaccination was not considered for the 
prevention of the disease. In Romania, there are 
a few vaccines available, with reportedly good 
results in controlling this extremely prejudicial 
syndrome. Other results on the examination of 
samples collected from apparently healthy and 
diarrheic calves showed an incidence of 46.4%. 
The strains were sensitive to norfloxacin 
(80.7%) and resistant to ampicillin and 
cefotaxime (100%) (Mohammed et al., 2018). 
Another study on E. coli isolates showed a high 
frequency of EHEC and presence of a new 
phenotype, in both apparently healthy and 
diarrheic calves (Aref et al., 2018). 
 
CONCLUSIONS  
 
There was a significant load of microorganisms 
known to play a role in the etiology of neonatal 
calf diarrhea, most of which were extremely 
resistant to antimicrobials, which suggests the 
decisive role of bacteria in the etiology of this 
disease. The highest frequency of isolation 
belonged to Escherichia spp., which may be 
due to a deficiency of zoo hygiene in the farm. 
The results of the study indicated no decrease 
in the population of bacteria or any significant 
modification in its variety or antibiotic 
sensitivity between the first and second 
sampling, i.e. before and after the disinfection 
was applied. The extremely high level of 
antibiotic resistance found on the farm is 
alarming (Ungureanu et al., 2019). It reveals an 

intensive use of antibiotics and calls for the 
implementation of a strategy meant to limit the 
antimicrobial treatments. Molecular analysis is 
required in order to decide whether the 
bacterial strains of E. coli are highly pathogenic 
or play a lesser role in the course of the disease. 
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sibonii, Shigella dysenteriae and Proteus 
penneri with 7.14% prevalence in the 
population isolated in the first sampling.            
C. braakii and E. coli accounted for 26.66% in 
the second sampling, followed by Serratia 
odorifera with 20%, H. alvei with 13.33%, and 
Shigella dysenteriae and E. vulneris with 
6.66% (Table 3).  

 
Table 3. Biochemical identification results of both 

samplings 
Sampling site First sampling Second sampling 

Walls and hardly 
accesible areas  

1.1 Morganella 
morganii ssp. sibonii 

1.1 Citrobacter 
braakii 

1.2 Hafnia alvei 
Rectum and feces  2.1 Leclercia 

adecarboxylata 
2.2Escherichia 

fergusonii 
 

2.1 Citrobacter 
braakii 

2.2 Serratia 
odorifera bv.2 

Rectum and feces  3.1 Escherichia 
hermannii 

3.1 Escherichia 
coli 

Walls and hardly 
accesible areas  

4.1 Leclercia 
adecarboxylata 
4.2 Hafnia alvei 

4.3 Citrobacter braakii 

4.1 Shigella 
dysenteriae (gr. A) 

4.2 Escherichia 
coli 

Walls and hardly 
accesible areas  

5.1 Shigella 
dysenteriae (gr. A) 

5.2 Hafnia alvei 
5.3 Citrobacter braakii 

5.1 Serratia 
odorifera bv.1 

5.2 Escherichia 
vulneris 

5.3 Serratia 
odorifera bv.2 

Walls and hardly 
accesible areas  

6.1 Proteus penneri 6.1 Hafnia alvei 
bv.1 

Walls and hardly 
accesible areas  

7.1 Escherichia 
fergusonii 

7.1 Escherichia 
coli 

7.2 Citrobacter 
braakii 

Rectum and feces  8.1 Citrobacter braakii 
8.2 Hafnia alvei bv.1 

8.1 Citrobacter 
braakii 

8.2 Escherichia 
coli 

 
An increased bacterial load could be seen in 
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important bacteria blamed for the occurrence of 
neonatal diarrhea in calves in the first period of 
life belonged to the genus Escherichia. E. coli, 
E. vulnerans and E. hermannii were identified 
in the feces of calves, in the environment, in 
cracks in the walls and in inaccessible areas. 
They were also identified on the walls, areas 
continuously exposed to feces carrying various 
microorganisms. Bacteria were often found in 
areas more difficult to be reached by 
disinfectants, or where disinfectants were 
insufficiently applied. All the samples 
examined showed mixed microbial flora, in the 
majority of cases represented by the 
combination of Gram-positive and Gram-
negative bacteria. We could not observe a 
decrease in the population of bacteria or a 

significant change in its variety between the 
first and second sampling, i.e. before and after 
the disinfection was applied. 
The results showed that gentamicin was the 
most effective off all antibiotics tested on the 
bacterial populations identified at first 
sampling. It displayed antimicrobial activity 
against all agents identified on the farm, 
including E. coli, considered the most 
pathogenic. E. coli was resistant to penicillin, 
streptomycin, amoxicillin, tulathromycin, 
cefaclor, trimethoprim/sulfamethoxazole, 
amoxicillin/clavulanic acid. 
Gentamicin had a very good action on bacterial 
populations isolated in the sampling which 
followed disinfection. Cefaclor, on the other 
hand, had the lowest efficiency. Tulatromycin, 
trimethroprim/sulfamethoxazole and amoxicillin 
also showed efficiency against on E. coli. 
All of the isolates were attributed an elevated 
resistance to antibiotics, with a MAR index 
over 0.2 (Table 4). Extremely resistant were 
most of the microorganisms in the genera 
Escherichia and Citrobacter. As they were best 
represented in the samples, the finding was 
statistically defended.  
 

Table 4. MAR index for each bacterial strain identified 
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First sampling 
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4. 2 Hafnia alvei 0.625 
4.3 Citrobacter braakii 0.375 
5.1 Shigella dysenteriae (gr. A) 0.625 
5.2 Hafnia alvei 0.75 
5.3 Citrobacter braakii 0.25 
6.1 Proteus penneri 0.75 
7.1 Escherichia fergusonii 0.75 
8.1 Citrobacter braakii 0.50 
8.2 Hafnia alvei bv. 1 0.625 

Second sampling 
1.1 Citrobacter braakii 0.625 
1.2 Hafnia alvei 0.75 
2.1 Citrobacter braakii 0.75 
2.2 Serratia odorifera bv. 2 0.75 
3.1 Escherichia coli 0,5 
4.1 Shigella dysenteriae (gr. A) 0.375 
4.2 Escherichia coli 0.375 
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5.2 Escherichia vulneris  0.5 
5.3 Serratia odorifera bv. 2 0.75 
5.4 Escherichia vulneris  0.75 
6.1 Hafnia alvei bv. 1 0.875 
7.1 Escherichia coli 0.75 
7.2 Citrobacter braakii  0,75 
8.1 Citrobacter braakii 0.25 
8.2 Escherichia coli 0.75 

One of the underlying reasons for the 
occurrence of neonatal diarrhea is the failure to 
transfer passive immunity (Windeyer et al., 
2014). Meanwhile it is possible that there is a 
management deficiency on farm, rendered in 
the poor hygiene - even bottle feeding of 
colostrum may be a source of                                   
E. coli contamination (Mohammed et al., 2018) 
- insufficient care for calves to suckle 
colostrum in the first few hours of life, 
vaccination was not considered for the 
prevention of the disease. In Romania, there are 
a few vaccines available, with reportedly good 
results in controlling this extremely prejudicial 
syndrome. Other results on the examination of 
samples collected from apparently healthy and 
diarrheic calves showed an incidence of 46.4%. 
The strains were sensitive to norfloxacin 
(80.7%) and resistant to ampicillin and 
cefotaxime (100%) (Mohammed et al., 2018). 
Another study on E. coli isolates showed a high 
frequency of EHEC and presence of a new 
phenotype, in both apparently healthy and 
diarrheic calves (Aref et al., 2018). 
 
CONCLUSIONS  
 
There was a significant load of microorganisms 
known to play a role in the etiology of neonatal 
calf diarrhea, most of which were extremely 
resistant to antimicrobials, which suggests the 
decisive role of bacteria in the etiology of this 
disease. The highest frequency of isolation 
belonged to Escherichia spp., which may be 
due to a deficiency of zoo hygiene in the farm. 
The results of the study indicated no decrease 
in the population of bacteria or any significant 
modification in its variety or antibiotic 
sensitivity between the first and second 
sampling, i.e. before and after the disinfection 
was applied. The extremely high level of 
antibiotic resistance found on the farm is 
alarming (Ungureanu et al., 2019). It reveals an 

intensive use of antibiotics and calls for the 
implementation of a strategy meant to limit the 
antimicrobial treatments. Molecular analysis is 
required in order to decide whether the 
bacterial strains of E. coli are highly pathogenic 
or play a lesser role in the course of the disease. 
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