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INTRODUCTION

Corynebacteria spp. are one of the most isolated 
pathogens responsible for subclinical mastitis in dairy 

cows. However, quick, reliable and simple techniques for 
the identification of species of the genus Corynebacterium 
are not currently available ( Juliano et al., 2014). 

The wide utilization or misuse of antibiotics in veterinary 
medicine initiates the development of resistance and 
increase incidence of multidrug resistance (MDR) in 
bacteria. This leads to implication of substantial public 

health impacts (Pyorala, 2009; Richet, 2012; Saini et al., 
2012; Chen et al., 2017).
 
Integrons are portable hereditary components having 
a system of site-specific recombination, which permits 
capture the genes responsible for antibiotic resistance 
(Partridge et al., 2009; Chen et al., 2011). Integrons play 
important roles in spreading and expression of antibiotic 
resistance genes among bacterial populations through 
transposons or plasmids (Mazel, 2006). The integron 
gene sequence arrays are formed when multiple gene 
cassettes are integrated at one site on a plasmid or on the 
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chromosome (Recchia and Hall, 1995, 1997).

According to the similarities of integrase amino acid 
sequence, integrons are classified into several classes; the 
most common one is class 1 integrons which are detected 
in Gram-negative bacterial isolates from various sources 
(Mazel, 2006; Chen et al., 2011; Mokracka et al., 2012). 
The class 1 integron contains two conserved segments as 
following; a 5’ conserved segment (5’-CS), a 3’ conserved 
segment (3’-CS) and in between them a recombination site 
at which the gene cassettes have been integrated (Collis et al., 
2002; Correia et al., 2003). The 5’-CS made out of integration 
site (attI), an integrase gene (intI), promoters responsible 
for gene cassettes and the integrase expression (Ploy et al., 
2000; Mazel, 2006). The 3’-CS involved sul1 genes and the 
truncated qacEΔ1, which confer resistance to sulfonamides 
and disinfectants, respectively (Paulsen et al., 1993).

The class 1 integrons genes are mostly detected in Gram-
negative bacteria (Martinez-Freijo et al., 1998; Partridge 
et al., 2001). However, the incidence of class 1 integrons in 
Gram-positive bacteria remained least explored (Nesvera 
et al., 1998; Clark et al., 1999; Tauch et al., 2002).

The present study aim to detect C. bovis strains isolated 
from subclinical cases of bovine mastitis using PCR 
techniques and to genetically characterize class 1 integron 
resistance genes using advanced genomic approaches.

MATERIALS AND METHODS

sAMpliNg ANd isolATioN
A total of 150 mastitis milk samples, obtained from cases 
of subclinical mastitis (positive for California mastitis test), 
were gathered from different farms of dairy cattle at Giza 
governorate in the Egypt. At these farms, cows suffered 
from decreased milk production with no clinical signs. A 
total of 35 isolates were identified as Corynebacteria species 
through microbiological cultures according to the method 
described by Oliver et al. (2004).

dNA ExTrAcTioN ANd pcr
The DNA extraction was carried out by utilizing multi-
genomic DNA extraction kit (Qiagen, Germany), 
according to manufacturer’s instructions. All isolates of 
Corynebacteria spp. were subjected to PCR amplification 
(Table 2) using thermal cycler (Peltier Thermal Cycler - 
MG 960T enzyme® - USA) with the primer pairs (Sigma, 
USA) F-5′ GCGAACGGGTGAGTAACACG 3′ and 
R-5′ TCTGCGATTACTAGCGACTCCG 3′ (Huxley 
et al., 2004), as shown in Table 1. 

ANTiMicrobiAl sENsiTiviTy TEsT
The phenotypes of antimicrobial sensitivity of C. bovis 
isolates were tested on Mueller–Hinton agar (Oxoid, 

Basingstoke, Hampshire, United Kingdom) plates using 
a disk diffusion method according to the guidelines and 
standards showed by Clinical and Laboratory Standards 
Institute (CLSI, 2018). Antibiotic susceptibility of tested 
organisms were determined for tetracycline (TET), 30 
µg; spectinomycin (SPX), 10µg; kanamycin (KAN), 
30 µg; streptomycin (STR), 10 µg; sulfamethoxazole-
trimethoprim (SXT), 23.75/1.25 µg and ampicillin (AMP), 
10 µg. The sensitivity disks were punched from (Oxoid, 
UK). The recorded results were depending on the zone-
size in chart of interpretation according to manufacturer’s 
instructions.

pcr ANd sEquENciNg of clAss 1 iNTEgroN froM C. 
bovis
All PCR reactions were adjusted to 25 µl of total volume; 
12.5 µl of 2xMaster Mix (Intron Biotechnology, Inc), 5 µl 
DNA of C. bovis, 1.25 µl of 20 pmol/µl) of each primers 
(Sigma, USA) of class 1 integron and finally, water nuclease-
free up to 25 µL. All PCR reactions of C. bovis isolates 
were submitted to PCR amplification with thermal cycler 
(Peltier Thermal Cycler - MG 960T enzyme® - USA) 
with 5’-CS and 3’-CS primers specific to class 1 integron, 
as described in (Table 2) (Lin et al., 2016). This primer pair 
target the region between the 5’-conserved segment (5’-
CS) and 3’-CS of class 1 integrons as previously described 
(Table 1).

Analysis of PCR products was carried out through gel 
electrophoresis (SCIE-PLAS, UK) on a 1% agarose 
gel prepared with Tris/Acetate/EDTA (TAE) (Intron 
Biotechnology, Inc) buffer plus agarose powder 
(Biotechnology grade AGA001.100 - Bioshop® Canada 
Inc) stained with ethidium bromide (0.5 µg/ml). 10-µL 
aliquot of a molecular marker containing a DNA Ladder 
(Intron Biotechnology, Inc) was added to the first well of 
each gel, control negative in the second, control positive 
(K. pneumoniae KPB 127 contain two integrons (dfrA12 
- aadA2; and aadA2) isolated by (Hazim et al., 2016) in 
the third well and 10-µL of samples in the other wells 
(Figure 2) at 80 V for 1 h, after that single DNA bands 
were visualized by ultraviolet trans-illumination (UV) 
according to target size of gene as showed in Table 2. A 
QIA quick Gel Extraction Kit (Qiagen, Germany) was 
used for purification of PCR fragments from the agarose 
gel according to the manufacturer’s instructions. Finally, 
the sequencing for PCR product with both DNA strands 
was performed by using an ABI automatic DNA sequencer 
(Model 373; Perkin–Elmer). 

coMpuTEr ANAlysis of ThE sEquENcE dATA
The data of DNA sequenced data of amplified gene was 
identified by the database of GenBank using the BLAST 
program available at the NCBI BLAST homepage (http://
www.ncbi.nlm.nih.gov/BLAST/).

http://www.ncbi.nlm.nih.gov/BLAST/
http://www.ncbi.nlm.nih.gov/BLAST/
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Table 1: Primers used for PCR reactions and DNA sequencing.
Target Primer name Oligonucleotide sequence (5' - 3') Amplicon size (bp) Reference
C. bovis F

R
GCGAACGGGTGAGTAACACG
TCTGCGATTACTAGCGACTCCG

1250 bp Huxley et al. (2004)

Class I inte-
gron

5′-CS 
3′-CS

GGCATCCAAGCAGCAAG
AAGCAGACTTGACCTGA

Variable Lin et al. (2016) 

Table 2: General PCR conditions of different primers.
Gene Pre denaturation Denaturation Annealing Extension. Cy. Final extension Target
C. bovis: C-F C-R 94 oC/2 min 94 oC/30 sec 58oC/30 sec 72 oC/1 min 30 72ºC/1 min 1250 bp
Class I integron  5′-CS 3′-CS 94 oC/10 min 94 oC/1 min 55 oC/1 min 72 oC/3 min 30 72ºC/10 min Variable

Table 3: Incidence of C. bovis and class 1 integron.
Total no. of bacteriologically examined 
Corynebacteria spp. isolates

C. bovis isolated by PCR Class 1 integron isolatesby PCR
No. % No. %

35 8 22.8 2 5.7
Percent according to total no. of Corynebacteria spp.

Table 4: Results of antimicrobial susceptibility patterns of C. bovis isolates and interpretation according to (CLSI. 2018).
No of isolate AMP STR SPX KAN SXT CHL TET
C2 R S R S S S R
C3 R R R R S S R
C6 I R R R R R R
C8 R R R S R I S
C11 R R R R S S R
C16 S R S R R R R
C23 R I R S I I R
C31 S R R S S S R
Incidence of resistance 5 (62.5%) 75% 7 (87.5%) 3 (37.5%) 3 (37.5%) 2 (25%) 5 (62.5%)

S: sensitive; R: resistant; I: intermediate; AMP, ampicillin; CHL, chloramphenicol; KAN, kanamycin; SPX; spectinomycin STR, 
streptomycin; SXT, sulfamethoxazole-trimethoprim; TET, tetracycline.

RESULTS 

Bacteriological examination of collected 150 subclinical 
mastitis milk samples (positive for CMT), revealed 35 
(23.3%) isolates of Corynebacteria spp. The antimicrobial 
sensitivity of the C. bovis to antimicrobial agents is 
shown in Table 2. The C. bovis isolates showed resistance 
against streptomycin (87.5%), spectinomycin (75%), 
tetracycline (62.5%), ampicillin (62.5%), kanamycin 
(37.5%), sulfamethoxazole-trimethoprim (37.5%) and 
chloramphenicol (25%). Class 1 integron resistance gene 
was found in 2 (5.7%) isolates, as shown in Table 4.

In the present study, 35 isolates of Corynebacteria spp. 
were inspected using PCR with 16S rRNA gene, which 
is a primer specific for C. bovis. The result showed 
8 positive strains of C. bovis out of 35 (22.8%) tested 
samples (Table 3) with a target PCR amplicon size of 
1250 bp (Figure 1, Table 1).

Figure 1: Amplification products of C. bovis was analyzed 
by electrophoresis on a 1.5% agarose gel. Lane M: 100-
bp DNA ladder, lane (1-2-3-4-5-6-7-12)): positive at size 
1250 bp. Lane (8-9-10-11): negative.

Further, PCR and DNA sequencing of 8 positive C. bovis 
fragments using primers specific to class 1 integrons 
revealed two isolates (5.7%) of C. bovis which have one 
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type of class 1 integron with middle size (974 bp), as shown 
in (Figure 2) and contains a single gene cassette of aadA1 
(aminoglycoside adenyltransferase type A), which confers 
resistance to streptomycin/spectinomycin. Up to date the 
aadA1 gene has not been previously identified in C. bovis. 

Figure 2: Amplification products of class 1 integron in C. 
bovis was analyzed by electrophoresis on a 1.5% agarose gel. 
Lane M: 100-bp DNA ladder, Lane (1): Control negative, 
lane (2): control positive (K.pneumoniae KPB 127 contain 
two integrons ( dfrA12 - aadA2; and aadA2), lane (3-4-7): 
negative, lane (5-6): positive at size 974 bp (aadA1).

DISCUSSION

In this study, 8 out of 35 isolates were identified as C. bovis 
using PCR with a faire percentage (22.8%). This rate is 
lower than 54.0% strains as C. bovis reported by Watts 
et al. (2000) and also Theel et al. (2012) which detects C. 
bovis with a percent 88.5%. Higher incidence of C. bovis 
was reported from sub-clinical mastitis (96.1% and 97.2%) 
by Juliano et al., 2014 and Huxely et al., 2004, respectively.

The class 1 integrons were first reported in 1989 (Stokes 
and Hall, 1989) and were described as reservoirs and an 
essential source of antimicrobial resistance genes within 
microbial populations (Fujimura et al., 2004; Xu et al., 
2007, 2009). However, these studies have been conducted 
in Gram-negative bacteria with few exceptions (Tauch 
et al., 2002; Nandi et al., 2004). While in recent studies, 
class 1 integron had been observed as antibiotic resistance 
gene in Gram-positive bacteria, particularly in methicillin-
resistant coagulase negative staphylococci (MRCNS) and 
methicillin-resistant Staphylococcus aureus (MRSA) (Xu et 
al., 2007, 2008, 2010). 

Class 1 integron have been found mainly in Gram-negative 
bacteria (Mokracka et al., 2012; Malek et al., 2015). Up-
to-date, only few reports on class 1 integron in Gram-

positive bacteria are available. The previously published 
papers of class 1 integron in Gram-positive bacteria 
with gene cassettes are as following; (1) Class 1 integron 
containing aadA gene was first report in E. faecalis strain 
and confers resistance to streptomycin/spectinomycin 
(Clark et al., 1999). (2) The genome of some Gram-positive 
bacteria such as Staphylococcus aureus, coagulase-negative 
staphylococci, Staphylococcus warneri, Staphylococcus 
haemolyticus and Staphylococcus epidermidis carries class 
1 integrons containing gene cassettes of dhfrXII-orfF-
aadA2 which confers resistance to trimethoprim, unknown 
function protein and aminoglycoside adenyltransferase 
type A, respectively (Lei et al., 2006). (3) The aadA2 gene 
cassette on a 29-kb plasmid pCG4 in C. glutamicum, 
which confers resistance to streptomycin/spectinomycin 
(Nesívera et al., 1998). (4) Class 1 integrons containing 
aadA9 detected previously in C. glutamicum on a 27.8-
kb R-plasmid pTET3, which confers resistance to 
spectinomycin, streptomycin and tetracycline (Tauch et 
al., 2002). (5) The aadA2 gene cassette in S. aureus, which 
conferred resistance to aminoglycoside (Xu et al., 2007). 
(6) Class 1 integron of different gene cassettes with 2 att 
sites and 3 arrays of cassettes were detected in methicillin-
resistant S. aureus (MRSA) (Shengjie et al., 2011).

CONCLUSION

In the present study, class 1 integron was identified with 
gene cassette (aadA1) in two isolates of C. bovis (5.7 %) 
obtained from milk samples of subclinical mastitis cows 
using PCR and DNA sequencing. These resistance genes 
confer resistance to several antimicrobial agents frequently 
used in dairy farming. This study is the first report for 
detection and identification of class 1 integron containing 
aadA1 gene in C. bovis of animal origin.
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in this area of research.
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application of PCR and DNA sequencing primers of multi 
drug resistance.



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

May 2020 | Volume 8 | Issue 5 | Page 456

AUTHORS CONTRIbUTION

All authors contributed equally.

CONFLICT OF INTEREST

No conflict of interest declared.

REFERENCES

•	Chen B, Zheng W, Ying Y, Huang W, Zheng S, Zhang Y, Guan 
X, Zhuang Y (2011). Class 1 integrons selected virulence 
genes and antibiotic resistance in Escherichia coli isolates 
from the Minjiang river, Fujian province, China. Appl. 
Environ. Microbiol. 77: 148–155. https://doi.org/10.1128/
AEM.01676-10

•	Chen, CM, Lai, CH, Wu, HJ, Wu, LT (2017) Genetic 
characteristic of class 1 integrons in Proteus mirabilis 
isolates from urine samples. BioMed. 7: 12–17. https://doi.
org/10.1051/bmdcn/2017070202

•	Clark NC, Olsvik Ø, Swenson JM, Spiegel CA, Tenover 
FC (1999). Detection of a streptomycin/spectinomycin 
adenylyltransferase gene (aadA) in Enterococcus faecalis. 
Antimicrob. Agents. Chemother. 43: 157-160. https://doi.
org/10.1128/AAC.43.1.157

•	Clinical and Laboratory Standards Institute (CLSI) (2018). 
Performance standards for antimicrobial susceptibility 
testing. 28th ed. CLSI supplement M100-S28. Clinical and 
Laboratory Standards Institute, 950 West Valley Road, Suite 
2500, Wayne, Pennsylvania 19087 USA.

•	Collis CM, Kim MJ, Partridge SR, Stoke HW, Hall RH (2002). 
Characterization of the class 3 integron and the site-specific 
recombination system it determines. J. Bacteriol. 184: 3017–
3026. https://doi.org/10.1128/JB.184.11.3017-3026.2002

•	Correia M, Boavida F, Grosso F, Salgado MJ, Lito LM, Cristino 
JM, Mendo S, Duarte A (2003). Molecular characterization 
of a new class 3 integron in Klebsiella pneumoniae. 
Antimicrob. Agents Chemother. 47: 2838–2843. https://doi.
org/10.1128/AAC.47.9.2838-2843.2003

•	Fujimura S, Kato S, Hashimoto M, Takeda H, Maki F, Watanabe 
A, (2004). Survey of methicillin-resistant Staphylococcus 
aureus from neonates and the environment in the NICU. 
J. Infect. Chemother. 10: 131–132. 984 Clin. Microbiol. 
Infect., Volume 13 Number 10, October 2007. https://doi.
org/10.1007/s10156-004-0306-6

•	Hazim OK, Ahmed MS, Ashraf MA, Toshi S, Tadashi SH (2016). 
NDM-4- and NDM-5-Producing Klebsiella pneumonia 
Coinfection ina 6-Month-Old Infant. Antimicrob. Agents 
Chemother. 60: 7. https://doi.org/10.1128/AAC.00479-16

•	Huxley JN, Helps CR, Bradley AJ (2004). Identification of 
Corynebacterium bovis by endonuclease restriction analysis 
of the 16S rRNA gene sequence. J. Dairy Sci. 87: 38–45. 
https://doi.org/10.3168/jds.S0022-0302(04)73139-2

•	Juliano LG, Tiago T, Juliana RB, Patrı´cia AB, Christina RF, 
Joa˜o PJ, Marcos NE, Marcos VS (2014). Identification of 
Corynebacterium spp. isolated from bovine intramammary 
infections by matrix-assisted laser desorption ionization-
time of flight mass spectrometry. Vet. Microbiol. 173: 147–
151. https://doi.org/10.1016/j.vetmic.2014.06.028

•	Lei S, Meiping Z, Zenghuang X, Masahiro A, Jianyu Su, Lin 
L, Shinji Y (2006). Unnoticed Spread of Class 1 Integrons 

in Gram-Positive Clinical Strains Isolated in Guangzhou, 
China. Microbiol. Immunol. 50(6): 463–467. https://doi.
org/10.1111/j.1348-0421.2006.tb03815.x

•	Lin M, Wu X, Yan Q, Ma Y, Huang L, Qin Y, Xu X. (2016). 
Incidence of antimicrobial resistance genes and integrons 
in antibiotic resistant bacteria isolated from eels and 
aquaculture ponds. Dis. Aquat. Organ. 120: 115–123. 
https://doi.org/10.3354/dao03013

•	Malek MM, Amer FA, Allam AA, El-Sokkary RH, Gheith T, 
Arafa MA. (2015). Occurrence of classes I and II integrons 
in Enterobacteriaceae collected from Zagazig university 
hospitals, Egypt. Front Microbiol. 6: 601. https://doi.
org/10.3389/fmicb.2015.00601

•	Martinez-Freijo P, Fluit AC, Schmitz FJ, Grek VS, Verhoef 
J, Jones ME (1998). Class I integrons in Gram-negative 
isolates from different European hospitals and association 
with decreased susceptibility to multiple antibiotic 
compounds. J. Antimicrob. Chemother. 42: 689–696. 
https://doi.org/10.1093/jac/42.6.689

•	Mazel D (2006). Integrons: Agents of bacterial evolution. 
Nat. Rev. Microbiol. 4: 608–620. https://doi.org/10.1038/
nrmicro1462

•	Mokracka J, Gruszczynska B, Kaznowski A (2012). Integrons: 
b-lactamase and qnr genes in multidrug resistant clinical 
isolates of Proteus mirabilis and P. vulgaris. APMIS. 120: 950–
958. https://doi.org/10.1111/j.1600-0463.2012.02923.x

•	Nandi S, Maurer JJ, Hofacre C (2004). Gram-positive bacteria 
are a major reservoir of class 1 antibiotic resistance integrons 
in poultry litter. Proc. Natl. Acad. Sci. U.S.A. 101: 7118–
7122. https://doi.org/10.1073/pnas.0306466101

•	Nesvera J, Hochmannova J, Patek M (1998). An integrin 
of class 1 is present on the plasmid pCG4 from Gram-
positive bacterium Corynebacterium glutamicum. 
FEMS Microbiol. Lett. 169: 391–395. https://doi.
org/10.1111/j.1574-6968.1998.tb13345.x

•	Oliver SPO, Gonza´lez RN, Hogan, JS, Jayarao BM, Owens 
WE (2004). Microbiological procedures for the diagnosis of 
bovine udder infection and determination of milk quality. 
In: A Global Organization for Mastitis Control and Milk 
Quality. fourth ed. National Mastitis Council Inc., Verona, 
WI., pp. 1–40, 44–46.

•	Partridge SR, Recchia GD, Stokes HW, Hall RM (2001). 
Family of class 1 integrons related to In4 from Tn1696. 
Antimicrob. Agents Chemother. 45: 3014–3020. https://doi.
org/10.1128/AAC.45.11.3014-3020.2001

•	Paulsen IT, Littlejohn TG, Radstrom P, Sundstrom L, Skold O, 
Swedberg G, Skurray RA (1993). The 3’ conserved segment 
of integrons contains a gene associated with multidrug 
resistance to antiseptics and disinfectants. Antimicrob. 
Agents Chemother. 37: 761–768. https://doi.org/10.1128/
AAC.37.4.761

•	Partridge SR, Tsafnat G, Coiera E, Iredell JR (2009). 
Gene cassettes and cassette arrays in mobile resistance 
integrons. FEMS Microbiol. Rev. 33: 757–784. https://doi.
org/10.1111/j.1574-6976.2009.00175.x

•	Ploy MC, Lambert T, Couty JP, Denis F (2000). Integrons: 
an antibiotic resistance gene capture and expression 
system. Clin. Chem. Lab. Med. 38: 483–487. https://doi.
org/10.1515/CCLM.2000.070

•	Pyorala S (2009). Treatment of mastitis during lactation. 
Irish. Vet. J. 62: 40-44. https://doi.org/10.1186/2046-
0481-62-S4-S40

•	Recchia GD and Hall RM (1995). Gene cassettes: a new 

https://doi.org/10.1128/AEM.01676-10
https://doi.org/10.1128/AEM.01676-10
https://doi.org/10.1051/bmdcn/2017070202
https://doi.org/10.1051/bmdcn/2017070202
https://doi.org/10.1128/AAC.43.1.157
https://doi.org/10.1128/AAC.43.1.157
https://doi.org/10.1128/JB.184.11.3017-3026.2002
https://doi.org/10.1128/AAC.47.9.2838-2843.2003
https://doi.org/10.1128/AAC.47.9.2838-2843.2003
https://doi.org/10.1007/s10156-004-0306-6
https://doi.org/10.1007/s10156-004-0306-6
https://doi.org/10.1128/AAC.00479-16
https://doi.org/10.3168/jds.S0022-0302(04)73139-2
https://doi.org/10.1016/j.vetmic.2014.06.028
https://doi.org/10.1111/j.1348-0421.2006.tb03815.x
https://doi.org/10.1111/j.1348-0421.2006.tb03815.x
https://doi.org/10.3354/dao03013
https://doi.org/10.3389/fmicb.2015.00601
https://doi.org/10.3389/fmicb.2015.00601
https://doi.org/10.1093/jac/42.6.689
https://doi.org/10.1038/nrmicro1462
https://doi.org/10.1038/nrmicro1462
https://doi.org/10.1111/j.1600-0463.2012.02923.x
https://doi.org/10.1073/pnas.0306466101
https://doi.org/10.1111/j.1574-6968.1998.tb13345.x
https://doi.org/10.1111/j.1574-6968.1998.tb13345.x
https://doi.org/10.1128/AAC.45.11.3014-3020.2001
https://doi.org/10.1128/AAC.45.11.3014-3020.2001
https://doi.org/10.1128/AAC.37.4.761
https://doi.org/10.1128/AAC.37.4.761
https://doi.org/10.1111/j.1574-6976.2009.00175.x
https://doi.org/10.1111/j.1574-6976.2009.00175.x
https://doi.org/10.1515/CCLM.2000.070
https://doi.org/10.1515/CCLM.2000.070
https://doi.org/10.1186/2046-0481-62-S4-S40
https://doi.org/10.1186/2046-0481-62-S4-S40


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

May 2020 | Volume 8 | Issue 5 | Page 457

class of mobile elements. Microbiol. 141: 3015-3027. 
https://doi.org/10.1099/13500872-141-12-3015

•	Recchia GD, Hall RM (1997). Origins of the mobile gene 
cassettes found in integrons. Trends Microbiol. 5: 389–394. 
https://doi.org/10.1016/S0966-842X(97)01123-2

•	Richet H (2012). Seasonality in Gram-negative and 
healthcareassociated infections. Clin. Microbiol. 
Infect. 18: 934–940. https://doi.org/10.1111/j.1469-
0691.2012.03954.x

•	Saini V, McClure JT, Léger D, Keefe GP, Scholl DT, Morck 
DW, Barkema HW (2012). Antimicrobial resistance 
profiles of common mastitis pathogens on Canadian dairy 
farms. J. Dairy Sci. 95: 4319–4332. https://doi.org/10.3168/
jds.2012-5373

•	Shengjie G, Yanmei L, Jin C, Li W, Xihong Z, Nanjing Z, 
Shaopeng Q, Junxing C, Yanyan L (2011). First observation 
of excision and integration in Class 1 integron in staphylococci. 
Afr. J. Biotechnol. 10(60): 12847-12851. https://doi.
org/10.5897/AJB10.2307

•	Stokes HW, Hall RM (1989). A novel family of potentially 
mobile DNA elements encoding a site-specific gene-
integration function: integron. Mol. Microbiol. 3: 1669–
1683. https://doi.org/10.1111/j.1365-2958.1989.tb00153.x

•	Tauch A, Gotker S, Puhler A, Kalinowski J, Thierbach G (2002). 
The 27.8-kb R-plasmid pTET3 from Corynebacterium 
glutamicum encodes the aminoglycoside adenyltransferase 
gene cassette aadA9 and the regulated tetracycline efflux 
system Tet 33 flanked by active copies of the widespread 
insertion sequence IS6100. Plasmid, 48: 117-129. https://

doi.org/10.1016/S0147-619X(02)00120-8
•	Theel ES, Schmitt BH, Hall L., Cunningham SA, Walchak RC, 

Patel R, Wengenack NL (2012). Formic acid-based direct 
on-plate testing of yeast and Corynebacterium species by 
Bruker biotyper matrix-assisted laser desorption ionization–
time of flight mass spectrometry. J. Clin. Microbiol. 50: 
3093–3095. https://doi.org/10.1128/JCM.01045-12

•	Xu Z, Shi L, Zhang C, Zhang L, Li X, Cao Y, Li L, Yamasaki 
S (2007). Nosocomial infection caused by class 1 integron-
carrying Staphylococcus aureus in a hospital in South 
China. Clin. Microbiol. Infect. 13: 980-984. https://doi.
org/10.1111/j.1469-0691.2007.01782.x

•	Xu Z, Li L, Alam MJ, Yamasaki S, Shi L (2008). First 
confirmation of integron-bearing methicillin-resistant 
Staphylococcus aureus. Curr. Microbiol. 57: 264-268. https://
doi.org/10.1007/s00284-008-9187-8

•	Xu Z, Li L, Shirtliff ME, Alam MJ, Yamasaki S, Shi L (2009). 
Occurrence and characteristics of class 1 and 2 integrons in 
Pseudomonas aeruginosa isolates from patients in Southern 
China. J. Clin. Microbiol. 47: 230-234. https://doi.
org/10.1128/JCM.02027-08

•	Xu Z, Li L, Shirtliff ME, Peters BM, Li B, Peng Y, Alam MJ, 
Yamasaki S, Shi L (2010). Resistance class 1 integron in 
clinical methicillin resistant Staphylococcus aureus strains in 
Southern China, 2001- 2006. Clin. Microbiol. Infect. 17: 714-
718. https://doi.org/10.1111/j.1469-0691.2010.03379.x

•	Watts JL, Lowery DE, Teel JF, Rossbach S (2000). Identification 
of Corynebacterium bovis and other Coryneforms Isolated 
from Bovine Mammary Glands. J. Dairy Sci. 83: 10. https://
doi.org/10.3168/jds.S0022-0302(00)75126-5

https://doi.org/10.1099/13500872-141-12-3015
https://doi.org/10.1016/S0966-842X(97)01123-2
https://doi.org/10.1111/j.1469-0691.2012.03954.x
https://doi.org/10.1111/j.1469-0691.2012.03954.x
https://doi.org/10.3168/jds.2012-5373
https://doi.org/10.3168/jds.2012-5373
https://doi.org/10.5897/AJB10.2307
https://doi.org/10.5897/AJB10.2307
https://doi.org/10.1111/j.1365-2958.1989.tb00153.x
https://doi.org/10.1016/S0147-619X(02)00120-8
https://doi.org/10.1016/S0147-619X(02)00120-8
https://doi.org/10.1128/JCM.01045-12
https://doi.org/10.1111/j.1469-0691.2007.01782.x
https://doi.org/10.1111/j.1469-0691.2007.01782.x
https://doi.org/10.1007/s00284-008-9187-8
https://doi.org/10.1007/s00284-008-9187-8
https://doi.org/10.1128/JCM.02027-08
https://doi.org/10.1128/JCM.02027-08
https://doi.org/10.1111/j.1469-0691.2010.03379.x
https://doi.org/10.3168/jds.S0022-0302(00)75126-5
https://doi.org/10.3168/jds.S0022-0302(00)75126-5

