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ABSTRACT

This study aimed to isolate Pseudomonas aeruginosa from cattle (bovine) milk with mastitis to characterize
its antimicrobial susceptibility against some antibiotics, and to identify aminoglycoside acetyltransferase
(aac-3-1b) gene. A total of 100 bovine milk samples were collected randomly from different local cow farms
at districts of Wasit governorate, Iraq. Six P. aeruginosa isolates were obtained using bacterial culture
method and further identified by Analytical Profile Index (API-20E). The antibiotic sensitivity test was
performed by the disc diffusion method. Among the 5 antibiotics used, the highest resistance (100%) was
found with Nalidixic acid and tetracycline, followed by gentamicin (50%), and the lowest resistance rate
(16.6%, and 33.3%) was to the ciprofloxacin and cephalothin, respectively. PCR was performed for all the
gentamicin resistant isolates. The frequency of aac(3)-1b gene that had a product of 530 bp was 3 of P.
aeruginosa isolates. From the findings of the present study, we concluded that P.aeruginosa isolated from
mastitic bovine have developed resistance against aminoglycosides through presence of the aac(3)-Ib gene,
and the ciprofloxacin and cephalothin can be taken as good choice of treatment.
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Pseudomonas aeruginosa (P. aeruginosa) is one of and foxes, and endometritis in horses. P.
the top 10 superbugs in the world, causing aeruginosa mastitis in cattle occurs either in dry
infections with bad condition in human and animal cows or in very recently calved animals. The high
(1). Due to the spread of antimicrobial-resistant rate of this organism fecal carriage can lead to
strains, therapeutic options are still severely contamination of the water supply on farms; and
limited; thus, infection with P. aeruginosa remains the presence of certain types of pyocin in the
a life-threatening risk (2). Serious infections, both udder, gut or water may lead to their transmission
acute and chronic, are always nosocomial and from one reservoir to another; however, many
correlated with compromised host defenses; but, types did not appear to spread (3, 4). Antimicrobial
this opportunistic pathogen is increasingly resistance has increased due to the misuse of
identified as the cause of disease in both livestock antibiotics in humans (for the treatment of
and fellow animals, these include otitis and urinary infections), and in animals (to promote growth and
tract infections in dogs and cats, mastitis in dairy prevent colonization by disease-causing bacteria).

Resistance to the antimicrobial agents actually
used has been a concern for public health officials
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aminoglycoside phosphoryl transferase (APH) that
act on plasmid or chromosome genes.
another example (9, 10). The six enzymes produce
by six genes (AAC-6'-1), (AAC-6"-11), (AAC-3-1a),
(AAC-3-Ib), (AAC-6-1lIb) and (APH-3-VI) (11)
are the most commonly changed enzymes in P.
aeruginosa, and their substrates are the most
common and most important against pseudo
aminoglycosides.

Therefore, this study aimed to isolate P.
aeruginosa from cattle infected with mastitis with
detection of aminoglycoside acetyltransferase
(aac-3-1b) gene that is responsible for gentamicin
resistance among aminoglycoside group.

Materials and Methods

Sample Collection

A total of 100 bovine milk samples were collected
aseptically and directly from the udder in sterile
cups from mastitic and apparently healthy cows,
irrespective of age and season from different local
cow's farms at different districts of Wasit
governorate.

Culturing and Identification

The milk samples were incubated at 37 °C
overnight. Then, cultured on nutrient agar, LB agar
and MacConkey’s agar (HiMedia/India); incubated
aerobically at 37 °C for 24-48 hours. Suspected
colonies were picked up and streaked on Cetrimide

Aminoglycoside acetyl-transferase (AAC) is
agar; and was identified by biochemical tests,
including: oxidase test (Fluka/Switzerland), API
20NE kit (BioMerirux/ UK) (12) and APiGN24

(Diagnostic.SK/ Slovakia).

Antimicrobial Susceptibility

P. aeruginosa isolates was determined by the disk
diffusion test (DDT) according to (13), and the
antibiotic discs used were ciprofloxacin 10 mcg,
gentamicin 10 mcg, tetracycline 10 mcg,
cephalothin 30 mcg and nalidixic acid 30 mcg
(Bioanalyse/UK).

Sensitive and resistant isolates were detected
depending on the recommendations made by (14).

Total Genomic DNA

The DNA was extracted from the selected bacterial
isolates by using bacterial genomic DNA
Extraction Kit Quick Protocol System supplied by
Tonk Bio.

Amplification of Antibiotic Resistance Gene

The amplification of antibiotic resistance gene was
achieved by wusing specific primers (15) as
indicated in Table 1.

Lyophilized primers were dissolved in nuclease
free distilled water to give a final concentration of
100 pmol/pl as a stock DNA solution.

Table 1. Specific primers for a resistant gene in P. aeruginosa isolates

Gene name

Primer sequence

Predicated
amplification size (bp)

aac(3)-1b

F: GCGGAACAGCAATAGGTGG
R: CCACCTATTGCTGTTCCGC

530

Polymerase Chain Reaction (PCR)

DNA extracted from bacterial isolates was used for
amplification of the resistance gene and trans-
posable elements by using specific primers in a
thermal cycler. PCR was carried out according to
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the amplification program (initial step: 95 °C/5
min/1 cycle, denaturation step: 94 °C/1 min/30
cycles, annealing step: 55 °C/2 min/30 cycles,
extension: 72 °C/6 min/30 cycles and final
extension: 72 °C/5 min/1 cycle).
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PCR carried out in a total volume of 20 pl; the
reaction components included: 10 pl of Master
Mix: Tag DNA Polymerase, dNTPs, MgCly,
reaction buffer; 0.5 ul of each forward and reverse
primers; 2 pl of DNA template and 7 pl of D.W.
Then, the amplified products were analyzed on
agarose gel (2%) in presence of 100 bp DNA
ladder marker (Promega, UK).

Results and Discussion

All of the six isolates grew faster on LB agar at 37
°C and appeared as convex, smooth, non-lactose
fermenting colonies with regular margin and pale
color. On MacConkey agar and nutrient agar, these

bacteria appeared smooth at fresh isolation,
converted to mucoid spreading growth due to
bacterial swarming, with conversion of almost dish
to the greenish color or without greenish pigment
production in some isolates; some isolates
produced water-soluble greenish pigment on
nutrient broth (Figure 1 A, B).

P. aeruginosa isolates differ from other species of
Pseudomonas by growth in selective medium
(Cetrimide agar (Figure 1 C). The bacterial

colonies on Cetrimide agar were seen as convex,
smooth at fresh isolation, and then converted to
mucoid distinguished in their color and spreading
growth.

Figure 1. Growth of P. aeruginosa on: A. Nutrient agar, B. Nutrient broth, C. Cetrimide
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Basically, oxidase test was used to confirm
presence of pseudomonas bacteria, all bacterial
isolates were positive for oxidase test, which
indicated by appearance of deep purple-blue color.
Isolates of P. aeruginosa were identified from
other Pseudomonas spp by growth at 42 °C and
pyocyanin production, in which only P. aeruginosa
has this ability. P. aeruginosa isolates were further
identified by APiGN24 and Api-20E tests, these
tests contain a set of biochemical reactions.

By using APIGN24, the percentage of P.
aeruginosa identification was 99% recorded as
excellent results. Positive results in Api-20E tests
showed the ability of all isolates for citrate
utilization, gel liquefaction, and oxidase

2019
production, while were negative to indole
production and \oges-Proskauer tests. The

antibiotic susceptibility of mastitic P. aeruginosa
isolates is shown in Table 2, where most isolates
showed multidrug resistance to 5 types of
antibiotic discs used. The rate of resistance ranged
from 33.3% - 100%.

In Quinolone group, 100% of the isolates were
resistant to nalidixic acid, and in aminoglycosides
group 50% of the isolates were resistant to
gentamicin. While in B-lactams, all isolates were
resistant to tetracycline (100%). In Cephalosporin
group, only two isolates were resistant to
cephalothin, and in fluoroquinolone group, 16.6%
of the isolates were resistant to ciprofloxacin.

Table 2. Rate of antibiogram of mastitic isolates of P. aeruginosa

Antibiotic No._ gf percenf[e}ge of l\!o. of percgntage of
- sensitive sensitive resistance resistance
yp isolates isolates isolates isolates
Nalidixic acid 0 0% 6 100%
Gentamicin 3 50% 3 50%
Tetracycline 0 0% 6 100%
Cephalothin 4 66.6% 2 33.3%
Ciprofloxacin 5 83.3% 1 16.6%

The results revealed DNA bands representing a
chromosomal DNA after electrophoresis of
extracted DNA on agarose gel. PCR detection for
aminoglycoside 3, N-acetyltransferase (aac(3)-1b)
gene has been done for positive P. aeruginosa
isolates taken from mastitis milk of cows. Six
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isolates out of 100 milk samples showed their
resistance and sensitivity against gentamicin in
antibiotic sensitivity test. The result in Fig. 2
showed that 50% of the bacterial isolates had the
aac(3)-Ib gene, which showed a molecular size of
530 bp after electrophoresis on 2% agarose gel.
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Figure 2. Agarose gel electrophoresis of PCR assay shows the positive aminoglycoside antibiotic

resistance genes in some P. aeruginosa isolates.

Lane (L) DNA marker (1000-100

bp), Lane (1,2, and 3) positive for AAC-3- Ib gene at 530 bp, Lane (4-6) AAC-3-1b negative

isolates

Mastitis is probably the most important health
disorder on dairy farms. This is reflected in
relatively high incidence of clinical mastitis and on
many farms a high prevalence of subclinical
mastitis.

In case of Pseudomonas, mastitis is only sporadic,
but occasionally it may be a serious herd problem,
and udder infection is usually regarded as an
opportunist, being relatively non-invasive and
producing disease more often after injury of
debilitating conditions, or secondary to other
infectious agents. Also, the use of common or non-
sterile  teat cannulas for  intramammary
administration of antibiotics have been involved in
the introduction and spread of Pseudomonas
mastitis (16). The milk samples collected from
cattle in the present study revealed presence of P.
aeruginosa in 6% of the cases. Such isolation of P.
aeruginosa was recorded recently by other workers
such as (17) in which 30 milk samples were taken
from milk of cattle infected with mastitis from
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different fields in Al-Diwanyia province (18)
recorded that conta-mination of raw cow milk and
soft cheese samples with P. aeruginosa in Baghdad
was (76.7%); (19) isolated 10%; (20) isolated
3.0%; (21) isolated 6.9% and (22) reported 3.6%
isolation in mastitic cows. P. aeruginosa isolates
showed characteristic features associated with
blue-green fluorescence production (23, 24, 25);
(26) in Gujarat isolated 3.6%; (27) isolated 9.4% and
(28) reported that P. aeruginosa was associated with
bovine subclinical mastitis cases.

The fact that aminoglycosides used in veterinary
treatment as antipseudomonal vision to these
medications let us worry more than the past, since
these aminoglycoside resistance qualities are
generally situated on portable hereditary elements.
There is a developing worry about the spread of
resistance genes and be scattered among other
microscopic organisms (29, 30).
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The rate of resistance against 5 types of antibiotic
used in the present study ranged between 16.6-
100% for mastitic isolates, in which 100% of the
isolates were resistant to nalidixic and
tetracycline, 50% were resistant to gentamicin,
33.3% were resistant to cephalothin and 16.6%
were resistant to ciprofloxacin. This research
focused on aminoglycosides resistant isolates
particularly gentamicin resistant isolates; 50% of
mastitic isolates had the amplified products of
aac(3)-1b gene with a molecular size of 530 bp
after electrophoresis. The highest resistance rates
to both carbapenems and aminoglycosides were
reported in some European countries (28, 29).
Also, (30) in 2016, demonstrated that the
percentage of aminoglycoside modifying enzymes
genes in bovine mastitic P. aeruginosa was 91%
and 18.1% for aac3-Ib gene. (31) detected the
aac3-1b gene in 8.3% of mastitic cattle.

These enzymes are categorized into the three
families, based upon the chemical modification
they mediate: (i) amino-glycoside phosphoryl
transferase enzymes that phosphorylate the drug
molecule, (ii) amino-glycoside acetyltransferase

Conflict of Interest

The authors declare that there is no conflict of
interest.

References

1. Milivojevic, D.; Neven, S.; Strahinja, M.
Aleksandar, P.; lvana, M.; Branka, V.;
Lidija, S. and Jasmina, N. R. (2018).
Biofilm-forming  Ability and infection
potential of Pseudomonas aeruginosa
Strains isolated from animals and humans.
Pathogens and Disease, 76: 1-3.

2. Streeter, K.; Katouli, M. (2016).
Pseudomonas aeruginosa: A Review of
Their Pathogenesis and Prevalence in
Clinical Settings and the Environment.
Infect Epidemiol Med., 2:25-32.

3. Haenni M; Hocquet, D.; Ponsin, C. (2015).
Population Structure and Antimicrobial
Susceptibility of Pseudomonas aeruginosa
from Animal Infections in France. BMC Vet
Res., 11.

86

enzymes, which acetylate the drug molecule such
as aac-3 gene types, and (iii) aminoglycoside
nucleotidyltransferase enzymes that adenylate the
drug molecule. Although the range of
aminoglycosides inactivated by specific enzymes
within this family can differ, the ability of P.
aeruginosa to carry the genes for multiple
aminoglycoside-inactivating enzymes provides
individual strains with the potential to develop
resistance to all aminoglycosides.

Making complete scan about all resistance genes
that provide bacterial resistance against all
chemical substances in circular and liner genome
and studying all mechanisms that bacteria do to
resist the antibiotics generally and aminoglcosides
specially (32).

Therefore, continuous isolation of bacteria and
detection of genes types other than those used in
the present study are more important to
acknowledge the development of P. aeruginosa
especially that isolated from mastitic cattle and for
detection of effective treatments which prevent the
improper use of antibiotic.

4. Kidd, T. J.; Gibson, J. S.; Moss, S. (2011).
Clonal Complex Pseudomonas aeruginosa
in horses. Vet Microbiol. 149: 508-12.

5. Monnet, D. L., Mackenzie, F. M;
Lopezlozano, J. M.; Beyaert, A.; Camacho,
M.; Wilson, R.; Stuart, D.; Gould, I. M.
(2004). Antimicrobial Drug wuse and
methicillin-resistant Staphylococcus aureus
Aberdeen, 1996-2000. Emerg. infect. Dis.,
10 (8): 1432-41.

6. Corti, S.; Sicher, D.; Regli, W.; Stephan, R.
(2003). Current Data on Antibiotic
Resistance of the Most Important Bovine
Mastitis pathogens in Switzeerland. Schweiz.
Arch. Tierheilkd, 145 (12): 571-575.

7. Livermore, D. M. (2002). Multiple Mechani-

sms of Antimicrobial Resistance in

Pseudomonas aeruginosa: Our Worst

Nightmare? Clin. Infect. Dis., 34: 634 - 640.

Poole, K. (2004). Efflux-Mediated Multi-

resistance in Gram-Negative Bacteria. Clin.

Microbiol. Infect., 10: 12-26.

9. Zeng, L. and S. Jin. (2003). aph(3)-1lb, a
Gene Encoding an  Aminoglycoside
Modifying Enzyme, Is Under the Positive
Control of Surrogate Regulator HpaA.

o



10

11

12

13

14

15

16

17

The Iragi Journal of Veterinary Medicine, 43 (2): 81-89

2019

Antimicrob. Agents Chemother., 47: 3867-
3876.

Alvarez, M. and M. C. Mendoza. (1993).
Molecular Epidemiology of Two Genes
Encoding 3-N-Aminoglycoside Acetyltrans-
ferases AAC(3)I and AAC(3)Il among Gram
negative bacteria from a Spanish hospital.
Eur. J. Epidemiol., 9: 650-657.

Hachler, H.; Santanam, P. and Kayser, F. H.
(1996). Sequence and characterization of a
novel chromosomal aminoglycoside phosph-
orrtransferase  gene,  aph(3)-1lb, in
Pseudomonas  aeruginosa.  Antimicrob.
Agents Chemother., 40: 1254-1256.

O Hara, C. M. and Miller, J. M. (2003).
Evaluation of the Vitek 2 ID-GNB assay for
identification of members of the family
Enterobacteriaceae and other non-enteric
gram-negative bacilli and comparison with
the Vitek GNI card. J. Clin. Microbiol., 41:
2096-2101.

Murray, P. R.; Baron, E. J.; Jorgensen, J. H.;
Landry, M. L.; Pfaller, M. A. (2007).
Antibacterial susceptibility tests: dilution
and disk diffusion methods. In: Manual of
clinical microbiology. 9" ed. Washington,
DC: American Society for Microbiology,
1152-72.

Clinical and Laboratory Standards Institute
(CLSI). (2012). Performance Standards for
Antimicrobial Susceptability Testing. 22"
Informational Supplement. CLSI document
M100-S22, Wayne, P. A.: Clinical and
Laboratory Standards Institute. 32 (3).

Lee, R. S.; Carl, P. S.; George, H. M,
Roberta, S. H.; and Karen, J. SH.(1995).
Cloning and Characterization of a 3-N-
Aminoglycoside  cetyltransferase  Gene,
aac(3)-1b, from Pseudomonas aeruginosa.
Antimicrobial Agents and Chemotherapy.,
39 (8): 1790-1796.

Shaheen, M.; Tantary, H. A. and Nabi, S. U.
(2016). A Treatise on Bovine Mastitis:
Disease and Disease Economics, Etiological
Basis, Risk Factors, Impact on Human
Health, Therapeutic Management,
Prevention and Control Strategy. J Adv
Dairy Res., 4: 1.

Azhar, A. N. (2017). Molecular Detection of
virulence factor genes in Pseudomonas
aeruginosa isolated from human and
animals in Diwaniya province. Kufa Journal

87

18.

19.

20.

21.

22.

23.

24,

25.

26.

For Veterinary Medical Sciences, 8: 218-
226.

Abdul-Kareem, K. and AL-Hassab, H.
(2014). Detection of some virulence factors
of pseudomonas aeruginosa isolated from
raw milk and soft cheese. vet. medicine
collage - Baghdad University. M. V. Sc.
Thesis. P: 98.

Amel, E.; Ghazy, Mohamed, A; Ikatsha, A.;
Samy, A. Kh. and Mohamed, E. N.(2015).
Phenotypic and Genotypic Characterization
of Pseudomonas aeruginosa lIsolated from
Bovine Mastitis. Alexandria Journal of
Veterinary Sciences., 44: 80-85

Heleili, N.; Ayachi, A.; Melizi, M.; Kassah,
A.L. and Mamache, B. (2012). Prevalence of
sub-clinical bovine mastitis and the in vitro
sensitivity of bacterial isolates in Batna
governorate, East of Algeria. J. Anim. Sci.
Adv., 2 (6): 576-582.

Viswakarma, P. (2008). Studies on Pre-
valence, Diagnosis, Therapy and Control of
Mastitis in Buffaloes. M. V. Sc. Thesis.
Indira  Gandhi  Agricultural  University,
Raipur, Chhattisgarh.

Malinowski, E.; Lassa, H.; Klossowska, A.;
Smulski, S.; Markiewcz, H. and Kaczma-
rowki, H. (2006). Etiological agents of dairy
cow’s mastitis in western part of Poland.
Pol. J. Vet. Sci.,9 (3): 191-194.

Quinn, P.J.; Markey, B.K.; Leonard, F.C,;
Fitz Patrick, E. S.; Fanning, S. and Hartigan,
P.J. (2011) Veterinary Microbiology and
Microbial Diseases. 2nd ed. Blackwell
Publishing Ltd., Ames, IA. Pp: 287-290.
Singh, R.; Sharma, N.; Soodan, J.S. and
Sudhan, N. A. (2005). Etiology and
sensitivity of bacterial isolates from sub-
clinical mastitis in cattle from Jammu
region. SKUAST J. Res., 4 (2): 223-224.
Banerjee, S.; Batabyal, K.; Joardar, S.; Isore,
N. D; Dey, P.; Samanta, S.; Samanta, T. and
Murmu, K. S. (2017). Detection and
characterization of pathogenic Pseudomonas
aeruginosa from bovine subclinical mastitis
in West Bengal, India. Veterinary World,10
(7): 738-742

Miller, G. H.; Sabatelli, F. J.; Naples, L.;
Hare, R. S. and Shaw, K. J. (1995). The
most frequently occurring aminoglycoside
resistance mechanisms combined results of



The Iragi Journal of Veterinary Medicine, 43 (2): 81-89 2019

surveys in eight regions of the world. J. 30. Hassan, H. N. and Ghassan, K. H. I. (2019).
Chemother. 7 (2): 17-30. Detection of some aminoglycoside resis-
27. Andrade, S. S.; Jones, R. N.; Gales, A. C. tance gene in Pseudomonas aeruginosa
and Sader, H. S. (2003). Increasing culturedfrom mastitic milk cows. Kufa
prevalence of antimicrobial resistance Journal For Veterinary Medical Sciences, 7
among Pseudomonas aeruginosa isolates in (2): 26-30.
Latin American medical centres: 5 year 31. Shaw, K. J; Rather, P. N; Hare, R. S. and
report of the SENTRY Antimicrobial Miller, G. H. (1993). Molecular genetics
Surveillance  Program  (1997-2001). J. aminoglycoside  resistance genes and
Antimicrob. Chemother., 52:140-141. familial relationship of the aminoglycoside
28. Souli, M.; Galani, I.; Giamarellou, H. (2008). modifying enzymes. Microbiol Rev., 57:
Emergence of Extensively Drug-resistant 138-63.
and Pandrug-resistant Gram-negative Bacilli 32. Aires, J. R.; Ko'hler, T.; Nikaido, H. and
in Europe. Euro Surveill., 13 (47): 19045. Plesiat, P. (1999). Involvement of an active
29. Rodloff, A.C.; Leclercq, R.; Debbia, E.A; efflux system in the natural resistance of
Canton, R.; Oppenheim, B. A. and Pseudomonas aeruginosa to aminoglyco-
Dowzicky, M. J. (2008). Comparative sides. Antimicrob. Agents Chemother., 43:
Analysis of Antimicrobial Susceptibility 2624-2628.

among Organisms from France, Germany,
Italy, Spain and the UK as Part of the
Tigecycline Evaluation and Surveillance
Trial. Clin Microbiol Infect., 14 (4): 307 -14.

88



The Iragi Journal of Veterinary Medicine, 43 (2): 81-89 2019

gl dlaal) SN e Al g Jaall Ay Lo 31 il 930 A g ad (A Sad) daail) g dbad) cilabiaall dpuleal)
&JA.AS\

2o 2 deta) ajla Tage (ules o) S) ) Taad ) S Sa

EER R EW I IRV R JOPNE

Ladal)
oy 2 8almall Ll Cam il @lld g puall gl baall Y1 Cala (a1 48030 Zagiya Je ) Al _all o2 coa
DY) s e A 100 4o same Lo o 3 A5 (28C-3-1) S el 53 o] 2455848 ghael 15 ) 50 223l 5 g all sl
dpuluall yasd jlidl a5 (API-20E) (Alaall calall jdge Aol gy laagaad a5 Ly 5Kl cobiil 44 jha plasiuls geruginosa
5l (Sl JAileall Claliaall (e gl 3 dsad (s (o Aa gl A o) il (pal A1 i Ay yla Jlasiasly 4l cilabiaall
e (%33.3 5%16.6) O i) 5 sl 5l g s e slie A J81 IS Ly %50 Cmesbaliinl Lgnss %100 (0alSilnd 5
Aadd daglie <Y e 3ellia ol Ay jla 31 38031 Y e apead Cay yal (6 ald) Jo i) Al 3 il <yl ) sl
O el iz 55 530 Gl Oosll @l () -3 o ) 5 1) Al sall A glaall s cllial Lgs S QSIS siaY) Alile (aa (alaliiall
A e il 5 5S3e el aia Ga glia <) sha 28 4 Hlall Y e A5 el P, @eruginosa of (o) isiiad dgilall dul jall il
ol JLas a3 o) (S O sl 5 S sl 5 s ()5 c@ac (3) -1b sl 5a

£ raall gl ¢ AN ey sl 31 ARSI cApubuad) dsbad) clalaall sAalibal) cilalsl)

89



