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The current study aimed to report the bacterial pathogens and their antibacterial resistance spectrum 
causing bovine respiratory tract infections in a large-scale cattle farm. Nasopharyngeal swabs were 
collected from animals (n=122) having clinical manifestations of respiratory tract diseases. Standard 
culture procedure followed by the Kirby-Bauer disc diffusion assay was applied to calculate the 
antimicrobial resistance profile of bacterial isolates. The survey results showed that bronchitis and 
bronchopneumonia were commonly occurring respiratory diseases in cattle. The highest incidence of 
bacterial organism Staphylococcus aureus (83.6%), followed by Streptococcus pneumoniae (80.3%) and 
Klebsiella pneumoniae (77.0%) were recorded in the respiratory tract samples. Pasteurella multocida, 
Bacillus obstructivus and Mycoplasma alkalescens exhibited 100% resistance against penicillin, while 
Bacillus subtili and M. alkalescens showed 100% resistance against tetracycline. Mycoplasma dispar, 
B. subtilis, M. alkalescens, B. obstructivus, and Stah. aureus against cefoxitin; and M. alkalescens, and 
Microccus luteus against cefoperazone exhibited ≥90% resistance. Overall, the majority of bacterial 
isolates exhibited ≥70% resistance against many antimicrobials. The antimicrobial spectrum profiles 
whistle an alarming situation for the regulatory bodies to cut the non-judicial use of antimicrobial agents.

INTRODUCTION

China is contributing about 3.8% of world raw dairy 
milk production, with an estimated volume of 32 

million tons during the year 2019. Dairy cattle are facing 
many infectious pathogens associated with numerous 
body systems like respiratory, gastrointestinal, urogenital 
etc. (Silva and Bittar, 2019). Respiratory tract infections 
account for 6% of total global infections (Ghimire et 
al., 2022). An upsurge in respiratory diseases has been 
reported in winter; while other contributing factors include 
unhygienic bedding, environmental pollution, malnutrition 
and managemental issues (Kumar et al., 2014). 
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A number of infectious agents were recognized 
as etiological agents of respiratory diseases, including 
bacteria, virus, yeast, and protozoans. Bacterial infections 
are frequent as compared to other infections; however, 
they affect a smaller group of the population (Carvajal 
and Perez, 2020). It has been estimated that normal 
microbiomes of respiratory tract like Staphylococcus 
aureus, Streptococcus pneumoniae, Haemophilus 
influenzae etc., could be involved in respiratory tract 
infections (Prat and Lacoma, 2016). Mannhemia 
haemolytica, Pasteurella multocida,  and  Histophilus 
somni were isolated as common pathogens of bovine 
respiratory tract infections (Confer, 2009). Though, these 
pathogens are the commensals of nostril and nasopharynx 
(upper respiratory tract) in healthy cattle, and became 
opportunistic when host defenses are compromised 
(Timsit et al., 2013). Mycoplasma dispar, Mycoplasma 
bovis and  Mycoplasma bovirhinis were isolated from 
sick cattle as well (Friis, 1980). Co-infection of many of 
these bacterial pathogens along with potential viruses may 
contribute to bovine respiratory disease (BRD), one of the 
most devastating diseases of the cattle industry globally 
(Gaudino et al., 2022).
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Since the beginning of the 21st century, the problem 
of antimicrobial resistance is becoming alarming day-by-
day. Studies have demonstrated the association between 
antibiotic use and prevalence of resistance in microbial 
organisms (Catry et al., 2016; Donaldson et al., 2006). Data 
from food-producing animal farms have demonstrated that 
many farmers use a deviated dose of antimicrobials than 
those labeled on the leaflet (Timmerman et al., 2006), 
which potentially convert microbiota into bugs (Dewulf et 
al., 2007). 

Many variations in antimicrobial resistance profiles of 
Enterobacteriaceae, Pasteurellaceae and other pathogenic 
bacteria have been observed between different bovine 
herds (Tikofsky et al., 2003; Catry et al., 2005; Bokma 
et al., 2020; Haley et al., 2020). It potentially reflects the 
antimicrobial use in any particular area, and may alarm 
the various stakeholders of clinical relevance of antibiotic 
resistance. The purpose of the current investigation was 
to isolate, identify and explore the antibacterial resistance 
spectrum of bacterial isolates of bovine respiratory tract 
pathogens in a large-scale cattle farm.

MATERIALS AND METHODS

Study approval
The study layout was discussed with the farm 

manager and formal approval was obtained before the start 
of sampling collection. The samples were collected with 
the help of on-farm veterinarians and disease diagnosis 
was also done by a panel discussion of all veterinarians. 
The institutional approval was obtained from the Animal 
Ethics Committee of Shihezi University (Approval No. 
A2022-14403).

Study design and sampling
The study was carried out in the fall of 2022 (November-

December) at a large-scale cattle farm that was owned by 
a large commercial dairy company in China. The farm 
has Holstein dairy cattle and is located in Xinjiang Uygur 
Autonomous Region (XUAR) in Northwest China. The 
farm has fully managed the conditions of intensive dairy 
farming and all animals were fed silage rather than left 
to graze. Immature animals (neonatal calves, and one-
month-old calves) have separate sections with special 
care, management and feeding protocols. 

Nasopharyngeal swab samples were collected from 
animals (n=122) suffering from respiratory tract diseases 
with numerous clinical signs like coughing, sneezing, 
fever above 40 ºC, difficulty breathing, etc. The animals 
were restrained properly in standing position and 90% 
alcohol was applied to nostrils as a disinfectant before 
sample collection. Sterile transport swabs (Transystem, 

Copan, Brescia, Italy) were introduced medioventrally 
in the nasal cavity and after rotating several times were 
taken out and placed in a transport medium. Within 12h 
samples were transported to the laboratory and processed 
for bacteriological investigation.

Bacterial growth
Swabs were inoculated on various general and 

selective culture media (Oxoid, Ltd., UK) like blood 
agar, nutrient agar, MacConkey agar, Brilliant Green 
agar, de-Man-Rogosa Sharpe agar, Eosin Methylene Blue 
agar and pleuropneumonia-like organism agar, etc. After 
inoculation, the Petri dishes were incubated aerobically 
at 37±1ºC for 24-72 hours. For slow-growing organisms 
like Mycoplasma or Mycobacterium, the incubation was 
maintained up to 7 days (Van Driessche et al., 2017; Kabir 
et al., 2022). The identification of bacterial isolates was 
done according to Quinn et al. (1992). All analyses were 
carried out in triplicates and pure cultures were stored for 
antimicrobial susceptibility testing. 

Antibiotic susceptibility testing
The Kirby-Bauer disc diffusion assay was applied 

to calculate the antibiotic susceptibility patterns of 
bacterial isolates following the guideline of the Clinical 
and Laboratory Standard Institute (CLSI, 2021). A single 
loopful of each pure culture was suspended in Mueller 
Hinton Broth (Oxoid, Ltd., UK) and cultured on Mueller 
Hinton agar plates after standardizing to 0.5 McFarland 
standards. The plates were incubated at 37±1ºC for 24h 
then zones of inhibition were measured. The breakpoints 
of CLSI for the tested antimicrobials were used to calculate 
the susceptibility patterns of bacterial isolates.

Statistical analysis
The data was computed in Excel (Microsoft Inc., 

USA) Spread Sheets. The prevalence of bacterial 
organisms in respiratory tract samples and their resistance 
spectrum were calculated in percentages. 

RESULTS AND DISCUSSION

In beef and dairy cattle, respiratory diseases result 
in massive economic losses that demand deep insight 
into etiological agents like stressors (e.g., transportation, 
weaning, dietary changes, etc), the interaction between 
the host and microbiome, intrinsic immunity as well as 
chronic sub-clinical inflammation in airways that may lead 
to the occurrence of respiratory diseases. Next-generation 
sequencing data have shown that there is a great variation 
in the upper and lower respiratory tract microbiome that 
potentially convert into pathogens due to stressors (Chai et 
al., 2022). The genera associated with common respiratory 
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tract infections like Mycoplasma,  Pasteurella  and 
Mannheimia were observed in the nostrils of healthy cattle 
(Nicola et al., 2017), while Pasteurella, Mycoplasma, 
Histophilus, and  Mannheimia were reported in the 
nasopharyngeal samples of both BRD-affected and healthy 
cattle (Zeineldin et al., 2017). 

The incidence of Staph. aureus was highest (83.6%) 
in the respiratory tract samples, followed by Strep. 
pneumoniae (80.3%), Klebsiella pneumoniae (77.0%). 
Other bacteria that were found in the respiratory tract 
were Mycoplasma bovis (39.344), Enterococcus faecalis 
(31.148), Klebsiella pneumoniae (77.049), Pasteurella 
multocida (49.180), Bacteroides pyogenes (36.066), 
Enterococcus faecium (45.902), Clostridium perfringens 
(60.656), Mycoplasma dispar (26.230), Bacillus subtilis 
(62.295), Pseudomonas taetrolens (42.623), Mycoplasma 
alkalescens (29.508), Bacillus obstructivus (24.590), Strep. 
pneumoniae (80.328), Staph. aureus (83.607), Microccus 
luteus (60.656). While Mannheimia haemolytica (19.6%), 
followed by H. somni (14.7%) were recorded with the 
least incidences in respiratory tract infection samples of 
cattle. H. somni and P. multocida are common pathogens 
of bovine respiratory tract infections and their incidence 
is usually expected less than M. haemolytica (Anholt et 
al., 2017; Welsh et al., 2004). Bacillus and Acinetobacter 
are two bacterial genera that are regarded as microbiota 
of the nasopharynx and lower respiratory tract of feedlot 
cattle (Zaheer et al., 2013; Zeineldin et al., 2017). The 
high incidence of these genera in the respiratory tract 
infections could reflect microbial seeding of lungs as a 

result of regurgitation of feedstuffs during rumination 
and the formation of aerosols during eructation in 
ruminants. Bacterial species like Enterococcus faecium, 
S. pneumoniae, Enterococcus faecalis, and Bacillus spp., 
had a relatively high abundance in dairy cattle (Klima et 
al., 2019). S. pneumoniae is associated with pneumonia 
in animals and humans (Borsa et al., 2019), whereas, 
Enterococcus faecium, Enterococcus faecalis, and Bacillus 
spp. were regarded as commensal organisms of animal and 
human gut (Makarov et al., 2022). 

Studies have shown that respiratory diseases are the 
2nd leading cause of death in bovines after gastrointestinal 
diseases. The prevalence of these diseases was reported 4 
to 80% in cattle in recent literature (Pratelli et al., 2021; 
Gaudino et al., 2022). The study of Klima et al. (2019) dealt 
with BRD and found that bronchopneumonia was the most 
prevalent infection among bovine respiratory tract diseases 
followed by fibrinous bronchopneumonia. Out of 18 
observed cases, only one was diagnosed with Mycoplasma 
pneumoniae. During the current investigation, bronchitis 
followed by bronchopneumonia was recorded as the most 
common respiratory disease of cattle; while fibrinous 
bronchopneumonia and Mycoplasma pneumoniae were 
recorded as the least prevalent respiratory diseases of dairy 
cattle (Table I). M. haemolytica was observed as the most 
prevalent organism in numerous respiratory tract diseases. 
This finding is in agreement with previous studies that 
reported that M. haemolytica is a common isolate of all 
types of respiratory tract infections in bovines (Panciera et 
al., 2010; Anholt et al., 2017).

Table I. Veterinary diagnosis, number of cases and isolated bacterial species from respiratory tract infections.

Diagnosis No. of cases Isolated bacterial species 
Chronic bronchopneumonia 14 Mannheimia haemolytica, Enterococcus faecalis, Klebsiella pneumoniae, 

Mycoplasma dispar, Bacillus obstructivus, Streptococcus pneumoniae, 
Staphylococcus aureus 

Bronchopneumonia 22 M. haemolytica, Mycobacterium bovis, K. pneumoniae, E. faecalis, Pseudomonas 
taetrolens, B. obstructivus, S. pneumoniae, S. aureus, Micrococcus luteus

Bronchitis 28 M. haemolytica, P. multocida, H. somni, E. faecium, C. perfringens, B. subtilis, 
P. taetrolens, B. obstructivus, S. aureus, M. luteus

Rhinitis 10 E. faecalis, E. faecium, B. subtilis, S. aureus, M. luteus
Fibrinous pneumonia 16 M. haemolytica, K. pneumoniae, H. somni, M. dispar, P. taetrolens, S. pneumoniae, 

M. luteus
Acute suppurative 
bronchopneumonia 

9 K. pneumoniae, B. pyogenes, C. perfringens, M. alkalescens, S. pneumoniae, 
S. aureus

Tracheitis 13 M. haemolytica, P. multocida, H. somni, E. faecium, B. subtilis, S. aureus, M. luteus
Fibrinous bronchopneumonia 4 M. haemolytica, P. multocida, B. pyogenes, E. faecalis, B. obstructivus, 

S. pneumoniae
Mycoplasma pneumonia 6 M. bovis, E. faecium, M. alkalescens, M. luteus
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Table II. Antibacterial resistance percentages of bacterial isolates of respiratory tract infection.

Bacterial isolates (No.) Antibacterial discs (potency, µg)
Gen 
(10)

Sp 
(100)

Ch 
(30)

Cip 
(5)

Nor 
(10)

Ery 
(15)

Lin 
(2)

Tet 
(30)

Pen 
(10)

Cef 
(30)

Ce 
(75)

Am 
(10)

Mannheimia haemolytica (24) 12.5 4.16 29.16 33.33 37.5 37.5 45.83 70.83 75 70.83 58.33 50
Mycoplasma bovis (48) 20.83 20.83 29.16 29.16 41.66 50 50 89.58 91.66 87.5 68.75 50
Enterococcus faecalis (38) 26.31 18.42 31.57 34.21 34.21 42.10 55.26 86.84 86.84 65.78 76.31 63.15
Klebsiella pneumoniae (94) 26.59 21.27 26.59 27.65 29.78 42.55 35.10 57.44 62.76 67.02 61.70 55.31
Pasteurella multocida (60) 26.66 16.66 31.66 40 35 48.33 60 95 100 80 78.33 66.66
Histophilus somni (18) 11.11 11.11 22.22 22.22 27.77 38.88 38.88 66.66 61.11 55.55 55.55 38.88
Bacteroides pyogenes (44) 22.72 15.90 27.27 36.36 36.36 38.63 47.72 75 84.09 63.63 65.90 50
Enterococcus faecium (56) 17.87 8.92 26.78 25 32.14 41.07 53.57 71.42 80.35 78.57 69.64 46.42
Clostridium perfringens (74) 29.72 24.32 25.67 28.37 28.37 43.24 55.40 83.78 86.48 82.43 75.67 54.05
Mycoplasma dispar (32) 40.62 28.12 34.37 46.87 40.62 56.25 62.50 93.75 93.75 93.75 87.50 68.75
Bacillus subtilis (76) 30.26 17.10 25 50 42.10 64.47 67.10 100 98.68 93.42 89.47 67.10
Pseudomonas taetrolens (52) 23.07 15.38 34.61 44.23 30.76 57.69 61.53 80.76 86.53 86.53 76.92 44.23
Mycoplasma alkalescens (36) 36.11 25 36.11 41.66 38.88 72.22 72.22 100 100 97.22 91.66 63.88
Bacillus obstructivus (30) 30 20 33.33 36.66 26.66 60 63.33 90 100 93.33 83.33 50
Streptococcus pneumoniae (98) 26.54 9.19 33.68 31.64 27.56 50 65.31 96.94 98.98 83.68 74.49 50
Staphylococcus aureus (102) 33.33 13.72 41.17 37.25 19.60 56.86 70.58 96.07 95.09 92.15 76.47 57.84
Microccus luteus (74) 25.67 17.56 31.08 43.24 27.02 45.94 68.91 82.43 90.54 89.18 90.54 74.32

Gen, Gentamicin; Sp, Spectinomycin; Ch, Chloramphenicol; Cip, Ciprofloxacin; Nor, Norfloxacin; Ery, Erythromycin; Lin, Lincomycin; Tet, Tetracy-
cline; Pen, Penicillin; Cef, Cefoxitin; Ce, Cefoperazone; Am, amoxicillin.

As shown in Table II, M. haemolytica isolates 
exhibited >70% resistance against tetracycline, penicillin, 
and cefoxitin. However, these isolates showed the least 
resistance (4.16%) against spectinomycin. The isolates 
of Mycoplasma bovis were found highly resistant against 
penicillin (91.6%), while the least resistance (20.8%) 
was recorded against gentamycin and spectinomycin. 
The isolates of Enterococcus faecalis were found highly 
(86.8%) resistant against tetracycline and penicillin, 
followed by cefoperazone (76.3%). K. pneumoniae 
showed >60% resistance against penicillin, cefoxitin 
and cefoperazone. The isolates of Pasteurella multocida 
exhibited 100% and 95% resistance against penicillin 
and tetracycline, respectively. The isolates of H. 
somni were found highly resistant against tetracycline 
(66.6%), while the least resistance (11.1%) was recorded 
against gentamicin and spectinomycin. The isolates of 
Bacteroides pyogenes exhibited >60% resistance against 
four antimicrobials i.e., penicillin (84.1%), tetracycline 
(63.6%), cefoperazone (65.9%) and cefoxitin (63.6%); 
while least resistance was recorded against spectinomycin 
(15.9%). Enterococcus faecium isolates showed the 
highest resistance against penicillin (80.3%), followed by 
cefoxitin (78.5%), tetracycline (71.4%) and cefoperazone 

(69.6%). Clostridium perfringens isolates exhibited >80% 
resistance against tetracycline, penicillin and cefoxitin; 
while Mycoplasma dispar exhibited 93.7% resistance 
against these three antimicrobials. The isolates of Bacillus 
subtilis and Mycoplasma alkalescens were found fully 
resistant (100%) against tetracycline; while Bacillus 
obstructivus and Mycoplasma alkalescens were observed 
to 100% resistant against penicillin. S. pneumoniae 
exhibited 96.9% and 98.9% resistance against tetracycline 
and penicillin, respectively. The isolates of Staphylococcus 
aureus exhibited >90% resistance against tetracycline, 
penicillin and cefoxitin, while least resistance was recorded 
against spectinomycin (13.7%). The isolates of Microccus 
luteus showed 90.5% resistance against penicillin and 
cefoperazone; while 89.1% and 82.4% resistance were 
exhibited against cefoxitin and tetracycline, respectively. 

The study of Anholt et al. (2017), reported that P. 
multocida, T. pyogenes and M. haemolytica were observed 
highly resistant to antimicrobials. The majority of the 
isolates exhibited resistance as high as 90.2%. Timsit et 
al. (2017) reported that M. haemolytica and P. multocida 
isolates of BRD exhibited > 70% resistance against 
oxytetracycline. These reports are in accordance with 
our current study, as we also recorded more than 70% 
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resistance for P. multocida, and M. haemolytica against the 
antibiotics tetracycline, penicillin and cefoxitin. De novo 
mutation is suspected of the high occurrence of resistance 
in bacterial isolates, which is consistent with the selection 
of multidrug-resistant mobile genetic elements or resistant 
pathogens that have them (DeDonder and Apley, 2015). 

Welsh et al. (2004) published an 8-year study from 
1994-2002 and reported a variable resistance (26-77%) 
for M. haemolytica, H. somni and P. multocida against 
tetracycline. Tetracycline was adopted for commercial 
use in 1978 and was recognized as a drug of choice till 
the end of the 20th century due to its broad antimicrobial 
spectrum, high availability and low cost (Gasparrini et 
al., 2020). At present, its’ synergistic action and efficacy 
in localized infections is acceptable, however for 
systemic infections particularly those caused by Gram-
negative organisms efficacy is highly compromised 
due to significant antimicrobial resistance developed in 
bacterial pathogens, human and animal commensals and 
environmental microbes (Chopra and Roberts, 2001). 
Ribosome protection and efflux are the main resistance 
mechanisms of bacterial organisms against tetracyclines 
(Gasparrini et al., 2020). 

Streptococcus pneumoniae is known to colonize 
the nasopharynx of humans and animals, however, 
they were isolated commonly as a pathogenic isolate in 
fibrinous pneumonia and bronchopneumonia. Due to the 
high occurrence of Streptococcus in the environment and 
commensal microbiome, and their exposure to over-use 
of antimicrobials, critical antimicrobial resistance is been 
reported in animal and human studies (Hayes et al., 2020). 
In the current study Streptococcus pneumoniae exhibited 
≥ 50% resistance against seven (out of twelve) tested 
antimicrobials which is also an alarming sign for clinicians 
to treat clinical cases of respiratory infections. 

Mycoplasma is wall-less bacteria that are reported 
as a part of normal microflora in the respiratory and 
urogenital tract. They also cause mastitis frequently in 
dairy animals (Saif et al., 2022). In the current study, 
three species of Mycoplasma viz., M. bovis, M. dispar 
and M. alkalescens were isolated from respiratory tract 
samples. All these were observed highly resistant (50-
100%) against erythromycin, lincomycin, tetracycline, 
penicillin, cefoxitin, cefoperazone, and amoxicillin. Being 
a wall-less bacteria, Mycoplasma is intrinsically resistant 
to cell-wall-targeting antimicrobials. In addition, recent 
literature has shown that they have established resistance 
against several other antibiotics like sulfonamide, 
nalidixic acid, rifampicin, polymixins, trimethoprim 
and rifampicin (Gautier-Bouchardon, 2018). Moreover, 
some other antibiotics like macrolides, tetracyclines, 
lincosamides, tiamulin and spectinomycin were observed 

as mycoplasmastatic instead of mycoplasmacidal action 
(Kleven and Anderson, 1971).

CONCLUSION

From the results, it could be concluded that Staph. 
aureus, followed by Streptococcus pneumoniae and 
Klebsiella pneumoniae were the most prevalent bacterial 
pathogens in the respiratory tract samples of cattle. 
Numerous bacterial isolates were observed more than 70% 
resistant against many antimicrobials. The antimicrobial 
spectrum results whistle an alarming situation to regulate 
the non-judicial use of antimicrobials. 

ACKNOWLEDGEMENTS

Authors are grateful to farm manager, staff and 
colleague veterinarians for their help and support in the 
sampling process.

Funding
This research was supported by the Xinjiang corps 

key areas of science and technology project (2021AB012, 
2019AB029), Xinjiang corps international science 
and technology cooperation program (2019BC004) 
and the XPCC regional innovation guidance program 
(2018BB036).

IRB approval
The Institutional Review Board (IRB) Approval 

was granted by the Animal Ethics Committee of Shihezi 
University (Approval No. A2022-14403).

Ethical statement
Animal handling during sampling was carried out in 

line with international ethical standard and IRB guidelines. 

Statement of conflict of interest
The authors declared no conflict of interest.

REFERENCES

Anholt, R.M., Klima, C., Allan, N., Matheson-Bird, 
H., Schatz, C., Ajitkumar, P., Otto, S., Peters, D., 
Schmid, K. and Olson, M., 2017. Antimicrobial 
susceptibility of bacteria that cause bovine 
respiratory disease complex in Alberta, Canada. 
Front. Vet. Sci., 4: 207. https://doi.org/10.3389/
fvets.2017.00207

Bokma, J., Gille, L., De Bleecker, K., Callens, J., 
Haesebrouck, F., Pardon, B. and Boyen, F., 2020. 
Antimicrobial susceptibility of Mycoplasma 
bovis isolates from veal, dairy and beef 
herds. Antibiotics, 9: 882. https://doi.org/10.3390/

https://doi.org/10.3389/fvets.2017.00207
https://doi.org/10.3389/fvets.2017.00207
https://doi.org/10.3390/antibiotics9120882


38                                                                                        

 

Y. Guo et al.

antibiotics9120882
Borsa, N., Di Pasquale, M. and Restrepo, M.I., 2019. 

Animal models of Pneumococcal pneumonia.  Int. 
J. mol. Sci.,  20: 4220. https://doi.org/10.3390/
ijms20174220

Carvajal, A.L. and Pérez, P.C., 2020. Epidemiology 
of respiratory infections. In: Pediatric respiratory 
diseases: A comprehensive textbook, pp. 263-272. 
https://doi.org/10.1007/978-3-030-26961-6_28

Catry, B., Dewulf, J., Maes, D., Pardon, B., Callens, 
B., Vanrobaeys, M., Opsomer, G., de Kruif, A. 
and Haesebrouck, F., 2016. Effect of antimicrobial 
consumption and production type on antibacterial 
resistance in the bovine respiratory and digestive 
tract.  PLoS One,  11: e0146488. https://doi.
org/10.1371/journal.pone.0146488

Catry, B., Haesebrouck, F., De Vliegher, S., Feyen, B., 
Vanrobaeys, M., Opsomer, G., Schwarz, S. and de 
Kruif, A., 2005. Variability in acquired resistance 
of Pasteurella and Mannheimia isolates from the 
nasopharynx of calves with particular reference 
to different herd types. Microb. Drug Resist., 11: 
387–394. https://doi.org/10.1089/mdr.2005.11.387

Chai, J., Capik, S.F., Kegley, B., Richeson, J.T., 
Powell, J.G. and Zhao, J., 2022. Bovine respiratory 
microbiota of feedlot cattle and its association with 
disease.  Vet. Res.,  53: 4. https://doi.org/10.1186/
s13567-021-01020-x

Chopra, I. and Roberts, M., 2001. Tetracycline 
antibiotics: Mode of action, applications, 
molecular biology, and epidemiology of bacterial 
resistance. Microbiol. Mol. Biol. Rev., 65: 232–260. 
https://doi.org/10.1128/MMBR.65.2.232-260.2001

Clinical and Laboratory Standards Institute, 
2021.  Performance standards for antimicrobial 
susceptibility testing, 31st ed. CLSI supplement 
M100. Clinical and Laboratory Standards Institute, 
Wayne, PA.

Confer, A.W., 2009. Update on bacterial pathogenesis in 
BRD. Anim. Hlth. Res. Rev., 10: 145–148. https://
doi.org/10.1017/S1466252309990193

DeDonder, K.D. and Apley, M.D., 2015. A literature 
review of antimicrobial resistance in pathogens 
associated with bovine respiratory disease. Anim.  
Hlth. Res. Rev., 16: 125-134.

Dewulf, J., Catry, B., Timmerman, T., Opsomer, G., 
de Kruif, A. and Maes, D., 2007. Tetracycline-
resistance in lactosepositive enteric coliforms 
originating from Belgian fattening pigs: Degree of 
resistance, multiple resistance and risk factors. Prev. 
Vet. Med., 78: 339–351. https://doi.org/10.1016/j.
prevetmed.2006.11.001

Donaldson, S.C., Straley, B.A., Hegde, N.V., Sawant, 

A.A., DebRoy, C. and Jayarao, B.M., 2006. 
Molecular epidemiology of ceftiofur-resistant 
Escherichia coli isolates from dairy calves. Appl. 
environ. Microbiol., 72: 3940–3948. https://doi.
org/10.1128/AEM.02770-05

Friis, N.F., 1980. Mycoplasma dispar as a causative 
agent in pneumonia of calves. Acta Vet. Scand., 21: 
34. https://doi.org/10.1186/BF03546898

Gasparrini, A.J., Markley, J.L., Kumar, H., Wang, B., 
Fang, L., Irum, S., Symister, C.T., Wallace, M., 
Burnham, C.A.D., Andleeb, S. and Tolia, N.H., 
2020. Tetracycline-inactivating enzymes from 
environmental, human commensal, and pathogenic 
bacteria cause broad-spectrum tetracycline 
resistance.  Commun., Biol.,  3: 241. https://doi.
org/10.1038/s42003-020-0966-5

Gaudino, M., Nagamine, B., Ducatez, M.F. and Meyer, 
G., 2022. Understanding the mechanisms of viral 
and bacterial coinfections in bovine respiratory 
disease: A comprehensive literature review of 
experimental evidence. Vet. Res., 53: 1-25. https://
doi.org/10.1186/s13567-022-01086-1

Gautier-Bouchardon, A.V., 2018. Antimicrobial 
resistance in Mycoplasma spp.  Microbiol. 
Spectrum,  6: 6-14. https://doi.org/10.1128/
microbiolspec.ARBA-0030-2018

Ghimire, P., Gachhadar, R., Piya, N., Shrestha, K. 
and Shrestha, K., 2022. Prevalence and factors 
associated with acute respiratory infection among 
under-five children in selected tertiary hospitals 
of Kathmandu Valley.  PLoS One,  17: e0265933. 
https://doi.org/10.1371/journal.pone.0265933

Haley, B.J., Kim, S.W., Salaheen, S., Hovingh, E. 
and Van Kessel, J.A.S., 2020. Differences in the 
microbial community and resistome structures 
of feces from preweaned calves and lactating 
dairy cows in commercial dairy herds. Foodborn. 
Path. Dis.,  17: 494-503. https://doi.org/10.1089/
fpd.2019.2768

Hayes, K., O’Halloran, F. and Cotter, L., 2020. A review 
of antibiotic resistance in group B Streptococcus: 
The story so far. Crit. Rev. Microbiol., 46: 253-269. 
https://doi.org/10.1080/1040841X.2020.1758626

Kabir, M.E., Alam, M.J., Hossain, M.M. and Ferdaushi, 
Z., 2022. Effect of feeding probiotic fermented 
rice straw-based total mixed ration on production, 
blood parameters and faecal microbiota of fattening 
cattle. J. Anim. Hlth. Prod., 10: 190-197. https://
doi.org/10.17582/journal.jahp/2022/10.2.190.197

Kleven, S.H. and Anderson, D.P., 1971. In vitro 
activity of various antibiotics against Mycoplasma 
synoviae. Avian Dis., 15: 551–557. https://doi.
org/10.2307/1588731

https://doi.org/10.3390/antibiotics9120882
https://doi.org/10.3390/ijms20174220
https://doi.org/10.3390/ijms20174220
https://doi.org/10.1007/978-3-030-26961-6_28
https://doi.org/10.1371/journal.pone.0146488
https://doi.org/10.1371/journal.pone.0146488
https://doi.org/10.1089/mdr.2005.11.387
https://doi.org/10.1186/s13567-021-01020-x
https://doi.org/10.1186/s13567-021-01020-x
https://doi.org/10.1128/MMBR.65.2.232-260.2001
https://doi.org/10.1017/S1466252309990193
https://doi.org/10.1017/S1466252309990193
https://doi.org/10.1016/j.prevetmed.2006.11.001
https://doi.org/10.1016/j.prevetmed.2006.11.001
https://doi.org/10.1128/AEM.02770-05
https://doi.org/10.1128/AEM.02770-05
https://doi.org/10.1186/BF03546898
https://doi.org/10.1038/s42003-020-0966-5
https://doi.org/10.1038/s42003-020-0966-5
https://doi.org/10.1186/s13567-022-01086-1
https://doi.org/10.1186/s13567-022-01086-1
https://doi.org/10.1128/microbiolspec.ARBA-0030-2018
https://doi.org/10.1128/microbiolspec.ARBA-0030-2018
https://doi.org/10.1371/journal.pone.0265933
https://doi.org/10.1089/fpd.2019.2768
https://doi.org/10.1089/fpd.2019.2768
https://doi.org/10.1080/1040841X.2020.1758626
https://doi.org/10.17582/journal.jahp/2022/10.2.190.197
https://doi.org/10.17582/journal.jahp/2022/10.2.190.197
https://doi.org/10.2307/1588731
https://doi.org/10.2307/1588731


39                                                                                        

 

Isolation, Identification and Antibacterial Resistance Spectrum of Bacterial Pathogens 39

Klima, C.L., Holman, D.B., Ralston, B.J., Stanford, 
K., Zaheer, R., Alexander, T.W. and McAllister, 
T.A., 2019. Lower respiratory tract microbiome 
and resistome of bovine respiratory disease 
mortalities. Microb. Ecol., 78: 446-456. https://doi.
org/10.1007/s00248-019-01361-3

Kumar, A., Tikoo, S.K., Malik, P. and Kumar, A.T., 
2014. Respiratory diseases of small ruminants. Vet. 
Med. Int.,  Article ID: 373642. https://doi.
org/10.1155/2014/373642

Makarov, D.A., Ivanova, O.E., Pomazkova, A.V., 
Egoreva, M.A., Prasolova, O.V., Lenev, S.V., 
Gergel, M.A., Bukova, N.K. and Karabanov, S.Y., 
2022. Antimicrobial resistance of commensal 
Enterococcus faecalis and Enterococcus faecium 
from food-producing animals in Russia.  Vet. 
World,  15: 611. https://doi.org/10.14202/
vetworld.2022.611-621

Nicola, I., Cerutti, F., Grego, E., Bertone, I., Gianella, 
P., D’Angelo, A., Peletto, S. and Bellino, C., 2017. 
Characterization of the upper and lower respiratory 
tract microbiota in piedmontese calves. Microbiome 
5: 152. https://doi.org/10.1186/s40168-017-0372-5

Panciera, R.J. and Confer, A.W., 2010. Pathogenesis 
and pathology of bovine pneumonia. Vet. Clin. N. 
Am. Fd. Anim. Pract., 26: 191–214. https://doi.
org/10.1016/j.cvfa.2010.04.001

Prat, C., and Lacoma, A., 2016. Bacteria in the 
respiratory tract how to treat? Or do not treat? Int. J. 
Infect. Dis., 51: 113-122. https://doi.org/10.1016/j.
ijid.2016.09.005

Pratelli, A., Cirone, F., Capozza, P., Trotta, A., Corrente, 
M., Balestrieri, A. and Buonavoglia, C., 2021. 
Bovine respiratory disease in beef calves supported 
long transport stress: An epidemiological study 
and strategies for control and prevention.  Res. 
Vet. Sci.,  135: 450-455. https://doi.org/10.1016/j.
rvsc.2020.11.002

Quinn, P.J., Carter, M.E., Markey, B.K., and Carter, 
G.R., 1992. Clinical veterinary microbiology. 
Wolfe Publishing. London (UK), pp. 61–65.

Saif, S., Kamboh, A.A., Solangi, G.M., Burriro, R., 
Baloch, H. and Memon, A.M., 2022. Prevalence of 
mycoplasma mastitis in buffaloes of Pakistan a pilot 
study in the centre-west of Balochistan. J. Anim. 
Hlth. Prod., 10: 68-72. https://doi.org/10.17582/
journal.jahp/2022/10.1.68.72

Silva, F.L.M. and Bittar, C.M.M., 2019. Thermogenesis 
and some rearing strategies of dairy calves at low 
temperature. A review. J. appl. Anim. Res., 47: 
115–122. https://doi.org/10.1080/09712119.2019.
1580199

Tikofsky, L.L., Barlow, J.W., Santisteban, C. 

and Schukken, Y.H., 2003. A comparison 
of antimicrobial susceptibility patterns for 
Staphylococcus aureus in organic and conventional 
dairy herds. Microb. Drug Res., 9: 39-45. https://
doi.org/10.1089/107662903322541883

Timmerman, T., Dewulf, J., Catry, B., Feyen, B., 
Opsomer, G., de Kruif, A. and Maes, D., 2006. 
Quantification and evaluation of antimicrobial 
drug use in group treatments for fattening pigs in 
Belgium. Prev. Vet. Med., 74: 251-263. https://doi.
org/10.1016/j.prevetmed.2005.10.003

Timsit, E., Christensen, H., Bareille, N., Seegers, H., 
Bisgaard, M. and Assié, S., 2013. Transmission 
dynamics of  Mannheimia haemolytica  in newly-
received beef bulls at fattening operations. Vet. 
Microbiol., 161: 295–304. https://doi.org/10.1016/j.
vetmic.2012.07.044

Timsit, E., Hallewell, J., Booker, C., Tison, N., Amat, 
S. and Alexander, T.W., 2017. Prevalence and 
antimicrobial susceptibility of Mannheimia 
haemolytica, Pasteurella multocida, and 
Histophilus somni isolated from the lower 
respiratory tract of healthy feedlot cattle and those 
diagnosed with bovine respiratory disease. Vet. 
Microbiol., 208: 118-125. https://doi.org/10.1016/j.
vetmic.2017.07.013

Van Driessche, L., Valgaeren, B.R., Gille, L., Boyen, 
F., Ducatelle, R., Haesebrouck, F., Deprez, P. and 
Pardon, B., 2017. A deep nasopharyngeal swab 
versus nonendoscopic bronchoalveolar lavage for 
isolation of bacterial pathogens from preweaned 
calves with respiratory disease. J. Vet. Int. Med., 31: 
946-953. https://doi.org/10.1111/jvim.14668

Welsh, R.D., Dye, L.B., Payton, M.E. and Confer, A.W., 
2004. Isolation and antimicrobial susceptibilities of 
bacterial pathogens from bovine pneumonia: 1994–
2002. J. Vet. Diagn. Investig. 16: 426–431. https://
doi.org/10.1177/104063870401600510

Zaheer, R., Cook, S., Klima, C., Stanford, K., Alexander, 
T., Topp, E., Read, R. and Mcallister, T., 2013. Effect 
of subtherapeutic vs. therapeutic administration 
of macrolides on antimicrobial resistance in 
Mannheimia haemolytica and enterococci isolated 
from beef cattle. Front. Microbiol., 4: 133. https://
doi.org/10.3389/fmicb.2013.00133

Zeineldin, M.M., Lowe, J.F., Grimmer, E.D., Godoy, 
M.R., Ghanem, M.M., El-Raof, Y.M.A. and 
Aldridge, B.M., 2017. Relationship between 
nasopharyngeal and bronchoalveolar microbial 
communities in clinically healthy feedlot cattle. 
BMC Microbiol., 17: 138. https://doi.org/10.1186/
s12866-017-1042-2

https://doi.org/10.1007/s00248-019-01361-3
https://doi.org/10.1007/s00248-019-01361-3
https://doi.org/10.1155/2014/373642
https://doi.org/10.1155/2014/373642
https://doi.org/10.14202/vetworld.2022.611-621
https://doi.org/10.14202/vetworld.2022.611-621
https://doi.org/10.1186/s40168-017-0372-5
https://doi.org/10.1016/j.cvfa.2010.04.001
https://doi.org/10.1016/j.cvfa.2010.04.001
https://doi.org/10.1016/j.ijid.2016.09.005
https://doi.org/10.1016/j.ijid.2016.09.005
https://doi.org/10.1016/j.rvsc.2020.11.002
https://doi.org/10.1016/j.rvsc.2020.11.002
https://doi.org/10.17582/journal.jahp/2022/10.1.68.72
https://doi.org/10.17582/journal.jahp/2022/10.1.68.72
https://doi.org/10.1080/09712119.2019.1580199
https://doi.org/10.1080/09712119.2019.1580199
https://doi.org/10.1089/107662903322541883
https://doi.org/10.1089/107662903322541883
https://doi.org/10.1016/j.prevetmed.2005.10.003
https://doi.org/10.1016/j.prevetmed.2005.10.003
https://doi.org/10.1016/j.vetmic.2012.07.044
https://doi.org/10.1016/j.vetmic.2012.07.044
https://doi.org/10.1016/j.vetmic.2017.07.013
https://doi.org/10.1016/j.vetmic.2017.07.013
https://doi.org/10.1111/jvim.14668
https://doi.org/10.1177/104063870401600510
https://doi.org/10.1177/104063870401600510
https://doi.org/10.3389/fmicb.2013.00133
https://doi.org/10.3389/fmicb.2013.00133
https://doi.org/10.1186/s12866-017-1042-2
https://doi.org/10.1186/s12866-017-1042-2

