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concluded that the Doppler ultrasonography can be a future 
diagnostic tool to monitor the stage of pregnancy to prevent 
any pregnancy related complications.
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PSV and EDV indicates the necessity of the body to 
intensify the maternal and fetal circulation, with 
consequent nutrient infusion and tissue development 
(Nautrup,1998).

 The fetal aorta was seen ventral to the vertebral 
column of the fetus using trans-abdominal B-mode 
ultrasonography and blood flow of the fetal aorta arteries 

thwas detected from the 4  week of pregnancy and more 
thregularly from the 5  week onwards by applying colour 

flow mode (Fig. 3). The PSV mean values were 
thsignificantly increased (P<0.05) from the 4  week until the 

th7  week of pregnancy in the present study which was in 
accordance with the findings of previous workers 
(Feliciano et al., 2014).

 The fetal aorta EDV mean values in the present 
thstudy were significantly increased (P<0.05) from the 5  

th
week and slightly decreased from the 6  week and 

thincreased again from the 7  week until the last week of 
pregnancy (Table 3). It was also supported by previous 
workers (Di Salvo et al., 2006) and it was observed that the 
EDV mean values were significantly increased (P<0.05) 

thfrom the 5  week until birth.

 The present study confirmed that the velocities such 
as PSV and EDV of utero-placental, umbilical and fetal 
aorta arteries increased significantly with the evolution of 
pregnancy as a result of increasing demand of vital 
nutrients and oxygen to meet the fetal vital organs (brain 
and heart), organs of the abdominal cavity and the 
placental bed. Thus, the increasing demand of blood 
supply from the mother to the fetus helps in the 
development of the healthy pregnancy (Costa et al., 2005).

 During early pregnancy, the resistive index and 
pulsatility index showed higher vascular resistance due to 
immature development of the placenta. As the pregnancy 
progresses, the maturation of placental circulation takes 
place (Blanco et al., 2011) and vascular resistance of the 
blood vessels reduces subsequently. The progressive and 
significant decrease of the RI and PI can be correlated with 
the placental development and probably with the 
histological changes of the spiral arteries. The higher 
vascular resistance of the blood vessels such as utero-
placental, umbilical and fetal aorta arteries in late 
pregnancy stage has been correlated with the intra-uterine 
growth retardation (Owen and Ogston, 1977), maternal 
hypertension (Gudmundsson et al., 1990) and perinatal 
death (Dubiel et al., 2003). The present findings when 
compared with the literatures of different researchers 
showed no pregnancy was detected abnormal at the time of 
assessing the principal blood flow parameters such as PSV, 
EDV, RI and PI of the pregnant blood vessels. It is therefore, 
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 Bovine mastitis is a serious concern in the dairy 
industry worldwide and invariably requires treatment with 
antimicrobials (Gupta et al., 2020). Opportunistic 
pathogens of environmental origin or commensals such as 
Staphylococcus species, Streptococcus species, E. coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa are the 
major agents of mastitis (Podder et al., 2014; Mittal et al., 
2018). K. pneumoniae is an opportunistic human pathogen 
mostly prevalent in organic matter, such as animal house 
bedding of moist soils and manure (Munoz et al., 2007). 
Mastitis caused by K. pneumoniae may be mild, moderate, 
and severe depending upon the symptoms. The bacterium 
deeply invades the udder tissue and damages the glandular 
tissue. This type of infection becomes chronic and reduces 
the milk production of the affected animal (Pinzon-
Sanchez et al., 2011). K. pneumoniae are Gram-negative 
rods having pink-colored mucoid colonies on the 
MacConkey agar plate. The hyper mucoidness is a typical 

characteristic of virulence. The hyper-virulent and -

lactam drug-resistant strains of K. pneumoniae are capable 
of causing fatal, life-threatening infections both in animals 
and humans (Shon et al., 2013). The drug-resistant strains 
can rapidly spread and transfer the resistance phenotype 
(Tzouvelekis et al., 2012) through horizontal gene transfer 
by certain mobile genetic elements, such as transposons, 
bacteriophages, and plasmids (Ahmed et al., 2010). The 
present study was conducted to determine incidence of 
antibiotic resistant K. pneumoniae isolates in mastitic milk 
of cattle and buffalo.
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MATERIAL AND METHODS

Isolation and Identification

 Milk samples from cattle and buffalo were received 
from livestock’s owners in sterile containers at College 
Central Laboratory situated in College of Veterinary and 
Animal Science, Lala Lajpat Rai University of Veterinary 
and Animal Science (LUVAS), Hisar, Haryana, India for 
routine diagnosis of mastitis and antibiotic susceptibility 
assay of isolates. Briefly, 0.01 ml of milk sample was 
inoculated on Nutrient agar and MacConkey agar plate 
following aseptic procedures and then plates were 
incubated at 37 ºC overnight in incubator. Bacterial 
isolates were identified by their colony characteristics and 
Gram’s staining as described by Quinn et al. (2002).

Amplification of 16S rRNA gene sequence

 Presumptive isolates were confirmed by PCR 
(polymerase chain reaction) amplification of 130bp 
amplicon of species-specific 16S rRNA nucleotide 
sequence primers (Osman et al., 2014). The DNA extraction 
was carried out as per protocol suggested by DNeasy Blood 
and Tissue Kit (Qiagen). The forward primer sequence is 
52-ATTTGAAGAGGTTGCAAACGAT-32 and reverse 
primer sequence is 52 -TTCACTCTGAATTTTCTTG 

TGTTC-32 . The reaction mixture (total volume 25l) was 

prepared by mixing 12.5l GoTaq® Green Master Mix 

(Promega), 1l Primer-1 and 2 each (10 pM/l), 3l 

Template DNA (25ng/l) and 7.5l nuclease-free water 

(up to final volume 25l). PCR Amplification was carried *Corresponding author: drrahul16889@luvas.edu.in
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 3. Parity wise incidence of pyometraFig. 2.  Predominant breed wise incidence of pyometra

Table 2

Occurrence of various microscopic lesions in intestine of broilers

Organ� Congestion� Haemorrhages� Edema� Degeneration/necrosis� Inflammation

� No.� (%)� No.� (%)� No.� (%)� No.� (%)� No.� (%)

Intestine� 106� 82.1� 41� 31.7� 63� 48.8� 111� 86.0� 97� 75.1

Table 3

Occurrence of various gross lesions in liver of broilers

Organ � Congestion � Haemorrhages � Enlargement � Necrosis � Fatty changes � Perihepatitis 

� No. � (%) � No. � (%) � No � � No. � (%) � No. � (%) � No. � (%)

Liver � 118 � 84.8� 33 � 23.7 � 106 � 76.2 �  44� 31.6 � 29 � 20.8� 101 � 72.6

Table 4

Occurrence of various microscopic lesions in liver of broilers

Organ � Congestion � Haemorrhages � Degeneration and necrosis� hepatitis� perihepatitis

� No. � (%) � No. � (%) � No. � % � No. � (%)� No. � %

Liver �  128� 92 .0� 72 � 51.7 � 67 � 48.2�  47� 33.8 �  60� 43.1

Table 1

 Occurrence of various gross lesions in intestine of broilers.

Organ � Congestion � Haemorrhages � Necrosis Enteritis

� No. � (%) � No. � (%)� No. � (%) � No. � (%)

Intestine � 101� 78.3� 27�  20.9� 16� 12.4 � 92� 71.3

Fig. 3.  Reduction in size of cutaneous masses in TVT in the dog after 1 
week of treatment with vincristine sulphate. Fig.1. Total number of parasitic infections in different ruminant 

species (n=24)
Fig. 2. Percentage of parasitic infections in different species of 

ruminant carcasses (n=24)
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Parasitic ova/oocysts

Total Sperm morphological abnormalities (%) (Mean±SE) in pre-freeze 
semen of stallion

Total Sperm morphological abnormalities (Mean±SE) in post-thaw 
semen of stallions.

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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out in ‘Thermal cycler gradient (BR Gradient Thermal 
Cycler)’ as follows: initial cycle of denaturation at 95 ºC 
for 5 min, 30 cycles (denaturation at 95 ºC for 1 min, 
primer annealing at 55 ºC for 1 min and primer extension at 
72 ºC for 1 min), and a final extension at 72 ºC for 5 min. 
The PCR products were analysed by electrophoresis on 1-

1.5% agarose gel with ethidium bromide (0.5g/ml) in 1X 

TAE buffer for 60 min at 100 V. The gel was then 
visualized by the Azure C-15 UVP gel documentation 
system.

Antibiotic susceptibility testing

  An antibiotic susceptibility test was conducted as 
per the guidelines described by Bauer (1966) against 
sixteen antibiotics. Briefly, pure culture colonies of K. 
pneumoniae isolates from Nutrient agar and MacConkey 
agar plates were inoculated in Nutrient broth and 
incubated for 6-8 hrs in incubator. The turbidity of broth 
should be as equivalent to 0.5 McFarl and standards after 
incubation. Sterilized swab socked with inoculum was 
uniformly spread on the Muller Hinton agar (MHA) 
surface and allowed to dry for 10 min (Quinn et al., 1994). 
Antibiotic discs were carefully placed on the surface with 
enough space around each disc for the diffusion of the 
antibiotic and further incubated at 37 ºC overnight. The 
zone of inhibition of growth of the organism around each 
disc was measured in millimetres. Clinical and Laboratory 
Standards Institute (CLSI) guidelines (2011) were 
followed for the zone of inhibition interpretation of 
antimicrobial resistance or susceptibility.

Determination of Multi antibiotic resistance (MAR) 
value

 All Multidrug-resistant (MDR) isolates were 
evaluated for their multiple antibiotic resistances (MAR) 
index. In an effort for risk assessment of MDR isolates, this 
index was calculated as per method given by Krumperman 
(1983).

 MAR Index of single isolate = a/b, (where a -represents 
the number of antibiotics to which the isolate was resistant 
and b-represents the number of antibiotics to which the 
isolate was exposed.)

RESULTS AND DISCUSSION

 A total of 32 Klebsiella spp. isolates were 
presumptively identified from the received mastitic milk 
samples (823 quarter milk samples) at College Central 
Laboratory, LUVAS, Hisar. All of them had typical pink 
colored mucoid colonies on MacConkey agar plates. 
Organisms were seen as pink-colored Gram-negative rods 
on Gram’s staining as method described by Paulin-Curlee 
et al. (2007). After presumptive identification, isolates 

were directly processed for DNA isolation and molecular 
confirmation by PCR amplification of K. pneumoniae 
species-specific rRNA nucleotide sequence without any 
other biochemical identification. All the 18 phenotypically 
identified isolates amplified 130bp amplicon of 16S rRNA 
K. pneumoniae species-specific nucleotide sequence 
(Fig. 1). Of the 18 isolates, 13 were isolated from buffalo 
and five were isolated from cattle. Over all prevalence of 
K. pneumoniae isolates was detected as 2.18 % (18/823).

 Antimicrobial susceptibility revealed 100% 
susceptibility to chloramphenicol followed by enrofloxacin 
(83.30%), oxytetracycline (72.20%), gentamicin 
(55.60%) and levofloxacin (38.9%). All isolates were 
resistant to the penicillin group (penicillin, cloxacillin, 
ampicillin, and amoxycillin) of antibiotics as this group act 
on the bacterial cell wall (not found in gram-negative 

Fig. 1. Amplification of 16S rRNA K. pneumoiae species-specific 
nucleotide sequence (130 bp)

Fig. 2. Antibiogram (%) of K. pneumoiae isolates from cattle and buffalo
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organism). However, the result of penicillin group was 
expected but still these antibiotics were included in study 
to cross check any contamination of any Gram’s positive 
organisms in pure culture. Overall 77.80% and 61.10% of 
the isolates were resistant to streptomycin and 
moxifloxacin, respectively. Following that, 55.60% of the 
isolates from both species were resistant to the 
aminoglycoside group of antibiotics (amikacin, neomycin, 
and kanamycin) except gentamicin (Fig. 2). Isolates have 
highest MAR index value of 0.88 and lowest MAR index 
value 0.25 with average group MAR index value of 0.53. 
The MAR index value of more than 0.20 was considered as 
multi drug resistance (MDR) value (Krumperman, 1983). 
It signifies that all the K. pneumoniae isolates of present 
study were resistant to atleast two or more than two 
antibiotics. Previously, many researchers observed similar 
findings with present study that K. pneumoniae from 
mastitic milk origin were found susceptible to gentamicin, 
chloramphenicol, enrofloxacin and ciprofloxacin whereas 
resistant to carbenicillin, piperacillin, ampicillin, co-
trimoxazole, cefotaxime (Mittal et al., 2018; Singh et al., 
2018; Karimi and Momtaz, 2019; Arya et al., 2020; Masse 
et al., 2020). Similar to our study, Bhanot et al. (2012) also 
found that enrofloxacin is the most sensitive drug in 
86.62% cattle milk samples and 87.96% in buffalo milk 
samples.

 The present study data provide a good assessment 
about therapeutic management of mastitis caused by 
opportunistic pathogens such as K. pneumoniae in field 
conditions. The antibiotic susceptibility testing plays 
important role in the judicial use of antibiotics in dairy 
livestock. However, lack of antibiotic susceptibility 
testing facilities in remote areas is big a hurdle to achieve 
the goal. Inappropriate doses and indiscriminate use of 
antibiotics may lead to high antibiotic resistance (Yadav et 
al., 2015; Sharma et al., 2015; Mittal et al., 2018). The 
multidrug resistant bacterium may transfer resistance 
genes to sensitive population of other bacteria through 
chromosomal changes, exchange of genetic material via 
plasmids and transposons (Sharma et al., 2015).
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 3. Parity wise incidence of pyometraFig. 2.  Predominant breed wise incidence of pyometra

Table 2

Occurrence of various microscopic lesions in intestine of broilers

Organ� Congestion� Haemorrhages� Edema� Degeneration/necrosis� Inflammation

� No.� (%)� No.� (%)� No.� (%)� No.� (%)� No.� (%)

Intestine� 106� 82.1� 41� 31.7� 63� 48.8� 111� 86.0� 97� 75.1

Table 3

Occurrence of various gross lesions in liver of broilers

Organ � Congestion � Haemorrhages � Enlargement � Necrosis � Fatty changes � Perihepatitis 

� No. � (%) � No. � (%) � No � � No. � (%) � No. � (%) � No. � (%)

Liver � 118 � 84.8� 33 � 23.7 � 106 � 76.2 �  44� 31.6 � 29 � 20.8� 101 � 72.6

Table 4

Occurrence of various microscopic lesions in liver of broilers

Organ � Congestion � Haemorrhages � Degeneration and necrosis� hepatitis� perihepatitis

� No. � (%) � No. � (%) � No. � % � No. � (%)� No. � %

Liver �  128� 92 .0� 72 � 51.7 � 67 � 48.2�  47� 33.8 �  60� 43.1

Table 1

 Occurrence of various gross lesions in intestine of broilers.

Organ � Congestion � Haemorrhages � Necrosis Enteritis

� No. � (%) � No. � (%)� No. � (%) � No. � (%)

Intestine � 101� 78.3� 27�  20.9� 16� 12.4 � 92� 71.3

Fig. 3.  Reduction in size of cutaneous masses in TVT in the dog after 1 
week of treatment with vincristine sulphate. Fig.1. Total number of parasitic infections in different ruminant 

species (n=24)
Fig. 2. Percentage of parasitic infections in different species of 

ruminant carcasses (n=24)

14

12

10

8

6

4

2

0

N
u

m
b

er
 o

f 
ca

se
s

Buffalo Cattle
Animal species

Sheep Goat

50
45
40
35
30
25
20
15
10
5
0

N
u

m
b

er
 o

f 
ca

se
s

Parasitic ova/oocysts

Total Sperm morphological abnormalities (%) (Mean±SE) in pre-freeze 
semen of stallion

Total Sperm morphological abnormalities (Mean±SE) in post-thaw 
semen of stallions.

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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out in ‘Thermal cycler gradient (BR Gradient Thermal 
Cycler)’ as follows: initial cycle of denaturation at 95 ºC 
for 5 min, 30 cycles (denaturation at 95 ºC for 1 min, 
primer annealing at 55 ºC for 1 min and primer extension at 
72 ºC for 1 min), and a final extension at 72 ºC for 5 min. 
The PCR products were analysed by electrophoresis on 1-

1.5% agarose gel with ethidium bromide (0.5g/ml) in 1X 

TAE buffer for 60 min at 100 V. The gel was then 
visualized by the Azure C-15 UVP gel documentation 
system.

Antibiotic susceptibility testing

  An antibiotic susceptibility test was conducted as 
per the guidelines described by Bauer (1966) against 
sixteen antibiotics. Briefly, pure culture colonies of K. 
pneumoniae isolates from Nutrient agar and MacConkey 
agar plates were inoculated in Nutrient broth and 
incubated for 6-8 hrs in incubator. The turbidity of broth 
should be as equivalent to 0.5 McFarl and standards after 
incubation. Sterilized swab socked with inoculum was 
uniformly spread on the Muller Hinton agar (MHA) 
surface and allowed to dry for 10 min (Quinn et al., 1994). 
Antibiotic discs were carefully placed on the surface with 
enough space around each disc for the diffusion of the 
antibiotic and further incubated at 37 ºC overnight. The 
zone of inhibition of growth of the organism around each 
disc was measured in millimetres. Clinical and Laboratory 
Standards Institute (CLSI) guidelines (2011) were 
followed for the zone of inhibition interpretation of 
antimicrobial resistance or susceptibility.

Determination of Multi antibiotic resistance (MAR) 
value

 All Multidrug-resistant (MDR) isolates were 
evaluated for their multiple antibiotic resistances (MAR) 
index. In an effort for risk assessment of MDR isolates, this 
index was calculated as per method given by Krumperman 
(1983).

 MAR Index of single isolate = a/b, (where a -represents 
the number of antibiotics to which the isolate was resistant 
and b-represents the number of antibiotics to which the 
isolate was exposed.)

RESULTS AND DISCUSSION

 A total of 32 Klebsiella spp. isolates were 
presumptively identified from the received mastitic milk 
samples (823 quarter milk samples) at College Central 
Laboratory, LUVAS, Hisar. All of them had typical pink 
colored mucoid colonies on MacConkey agar plates. 
Organisms were seen as pink-colored Gram-negative rods 
on Gram’s staining as method described by Paulin-Curlee 
et al. (2007). After presumptive identification, isolates 

were directly processed for DNA isolation and molecular 
confirmation by PCR amplification of K. pneumoniae 
species-specific rRNA nucleotide sequence without any 
other biochemical identification. All the 18 phenotypically 
identified isolates amplified 130bp amplicon of 16S rRNA 
K. pneumoniae species-specific nucleotide sequence 
(Fig. 1). Of the 18 isolates, 13 were isolated from buffalo 
and five were isolated from cattle. Over all prevalence of 
K. pneumoniae isolates was detected as 2.18 % (18/823).

 Antimicrobial susceptibility revealed 100% 
susceptibility to chloramphenicol followed by enrofloxacin 
(83.30%), oxytetracycline (72.20%), gentamicin 
(55.60%) and levofloxacin (38.9%). All isolates were 
resistant to the penicillin group (penicillin, cloxacillin, 
ampicillin, and amoxycillin) of antibiotics as this group act 
on the bacterial cell wall (not found in gram-negative 

Fig. 1. Amplification of 16S rRNA K. pneumoiae species-specific 
nucleotide sequence (130 bp)

Fig. 2. Antibiogram (%) of K. pneumoiae isolates from cattle and buffalo

197

organism). However, the result of penicillin group was 
expected but still these antibiotics were included in study 
to cross check any contamination of any Gram’s positive 
organisms in pure culture. Overall 77.80% and 61.10% of 
the isolates were resistant to streptomycin and 
moxifloxacin, respectively. Following that, 55.60% of the 
isolates from both species were resistant to the 
aminoglycoside group of antibiotics (amikacin, neomycin, 
and kanamycin) except gentamicin (Fig. 2). Isolates have 
highest MAR index value of 0.88 and lowest MAR index 
value 0.25 with average group MAR index value of 0.53. 
The MAR index value of more than 0.20 was considered as 
multi drug resistance (MDR) value (Krumperman, 1983). 
It signifies that all the K. pneumoniae isolates of present 
study were resistant to atleast two or more than two 
antibiotics. Previously, many researchers observed similar 
findings with present study that K. pneumoniae from 
mastitic milk origin were found susceptible to gentamicin, 
chloramphenicol, enrofloxacin and ciprofloxacin whereas 
resistant to carbenicillin, piperacillin, ampicillin, co-
trimoxazole, cefotaxime (Mittal et al., 2018; Singh et al., 
2018; Karimi and Momtaz, 2019; Arya et al., 2020; Masse 
et al., 2020). Similar to our study, Bhanot et al. (2012) also 
found that enrofloxacin is the most sensitive drug in 
86.62% cattle milk samples and 87.96% in buffalo milk 
samples.

 The present study data provide a good assessment 
about therapeutic management of mastitis caused by 
opportunistic pathogens such as K. pneumoniae in field 
conditions. The antibiotic susceptibility testing plays 
important role in the judicial use of antibiotics in dairy 
livestock. However, lack of antibiotic susceptibility 
testing facilities in remote areas is big a hurdle to achieve 
the goal. Inappropriate doses and indiscriminate use of 
antibiotics may lead to high antibiotic resistance (Yadav et 
al., 2015; Sharma et al., 2015; Mittal et al., 2018). The 
multidrug resistant bacterium may transfer resistance 
genes to sensitive population of other bacteria through 
chromosomal changes, exchange of genetic material via 
plasmids and transposons (Sharma et al., 2015).
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 3. Parity wise incidence of pyometraFig. 2.  Predominant breed wise incidence of pyometra

Table 2

Occurrence of various microscopic lesions in intestine of broilers

Organ� Congestion� Haemorrhages� Edema� Degeneration/necrosis� Inflammation

� No.� (%)� No.� (%)� No.� (%)� No.� (%)� No.� (%)

Intestine� 106� 82.1� 41� 31.7� 63� 48.8� 111� 86.0� 97� 75.1

Table 3

Occurrence of various gross lesions in liver of broilers

Organ � Congestion � Haemorrhages � Enlargement � Necrosis � Fatty changes � Perihepatitis 

� No. � (%) � No. � (%) � No � � No. � (%) � No. � (%) � No. � (%)

Liver � 118 � 84.8� 33 � 23.7 � 106 � 76.2 �  44� 31.6 � 29 � 20.8� 101 � 72.6

Table 4

Occurrence of various microscopic lesions in liver of broilers

Organ � Congestion � Haemorrhages � Degeneration and necrosis� hepatitis� perihepatitis

� No. � (%) � No. � (%) � No. � % � No. � (%)� No. � %

Liver �  128� 92 .0� 72 � 51.7 � 67 � 48.2�  47� 33.8 �  60� 43.1

Table 1

 Occurrence of various gross lesions in intestine of broilers.

Organ � Congestion � Haemorrhages � Necrosis Enteritis

� No. � (%) � No. � (%)� No. � (%) � No. � (%)

Intestine � 101� 78.3� 27�  20.9� 16� 12.4 � 92� 71.3

Fig. 3.  Reduction in size of cutaneous masses in TVT in the dog after 1 
week of treatment with vincristine sulphate. Fig.1. Total number of parasitic infections in different ruminant 

species (n=24)
Fig. 2. Percentage of parasitic infections in different species of 

ruminant carcasses (n=24)
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Parasitic ova/oocysts

Total Sperm morphological abnormalities (%) (Mean±SE) in pre-freeze 
semen of stallion

Total Sperm morphological abnormalities (Mean±SE) in post-thaw 
semen of stallions.

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)


