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Class 1 Integron gene harbouring multidrug resistant Pseudomonas isolates
from clinical specimen
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Gram-negative Pseudomonas spp. particularly P. aeruginosa is an important pathogen in hospitalized patients,
contributing to the morbidity and mortality due to its multiple resistance mechanisms. The present study
was undertaken to determine the characteristics of Pseudomonas spp. isolated from pus of patients admitted
in a local diagnostic center, Dhaka, Bangladesh. A total of 14 clinical isolates were obtained. Detailed
biochemical tests, antibiotic resistance pattern and class 1 integron gene profiling were successfully
performed. All isolates (100%) showed resistance against amoxicillin-clavulanate, ampicillin, ciprofloxacin,
cephalexin, ceftriaxone, kanamycin, nitrofurantoin and rifampicin. About 35% of the isolates (n=5) showed
resistance against Amoxicillin-clavulanate, ampicillin, azithromycin, amikacin, ciprofloxacin, cephalexin,
co-trimoxazole, ceftriaxone, imipenem, kanamycin, nitrofurantoin and rifampicin. Only 28.5% isolates
(n=4) were sensitive to Imipenem. Plasmid was observed in none of the isolates, whereas 50% of the isolates
carried Class 1 Integron gene. The presence of mobile genetic element is an added threat as this enables
transfer of resistance genes to sensitive isolates. The findings of this study are significant from a public

health viewpoint as therapeutic options become restricted.
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Introduction

Antibiotic resistance has been on the rise in the recent years!-
(European Centre for Disease Prevention and Control (ECDC),
2017; World Health Organization (WHO), 2014). Developing
coutnries are more affected by antibiotic resistance because of
the widespread indiscriminate use of antibiotics, use of
antibiotics in animal feed, inadequate surveillance and factors
associated with individual and national poverty>* .
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Pseudomonas spp. particularly P. aeruginosa is an opportunistic
pathogen that may cause severe invasive diseases in critically ill
patients. Strains of P. aeruginosa are the cause of several diseases
in nosocomial environments, predominantly pneumonia,
bacteremia, meningitis, urinary tract infections, as well as skin
and soft tissue infections’”.

The frequency of infections caused by them is increasing and
multidrug-resistant (MDR) strains, resistant to almost all
antimicrobials, are emerging in hospitalized patients. Because of
its ubiquitous nature, ability to survive in moist environments,
and resistance to many antibiotics and antiseptics, P. aeruginosa
is a common pathogen in hospitals and particularly in intensive
care units. It has been reported that 80% of the deaths in ICU
patients in Bangladesh is due to multidrug resistant bacteria (The
Telegraph, 2019)8. Mobile genetic elements such as plasmids,

transposons, and integrons play an important role in aggravating
antibiotic resistance %!, Class 1 integrons contain exogenous
gene cassettes and play an important role in horizontal transfer
of antibiotic resistance genes among bacteria 12-16- 17, 18,

Over the years, increases in the rate of antibiotic resistance to P,
aeruginosa, in particular to a-lactams, aminoglycosides, and
fluoroquinolones, have been reported from many parts of the
world!?. The present study was undertaken to investigate
antibiotic resistance profile of P. aeruginosa isolated from pus of
patients admitted in a hospital in Dhaka city.

Materials and Methods

Bacterial Strains

A total of 14 Pseudomonas aeruginosa stored in the laboratory
(Department of Microbiology, University of Dhaka, Bangladesh)
repository were included in the study. These isolates were
obtained from pus samples from a local hospital.

Subculture

For the growth of isolated colony, the organisms were subcultured
on Nutrient agar plates and incubated at 37°C for 24 hours. After
that, one isolated colony was inoculated on Cetrimide Agar (CA)
plate. After further incubation of the CA plates at 37°C for 24
hours, cultures of CA plates were transferred to a 1.5 ml Eppendorf
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tube containing LB (Luria Bertani) with 70% glycerol and stored
at-20°C.

Morphological and Biochemical test

All the isolates were identified by culture characteristics and
Gram staining in the laboratory. Selective media were used to
identify them Cetrimide agar plates were used to identify
Pseudomonas aeruginosa as well as to observe cultural
characteristics, where they produced characteristic yellow green
color.

Further confirmation of test isolates was done by conventional
biochemical tests. Biochemical tests were performed and
interpreted according to the methods described in Microbiology
Laboratory Manual?’, The tests included Kligler’s Iron Agar (KIA)
test, Citrate test, Motility, Indole, Urease (MIU) test, Indole test,
catalase test and Oxidase test.

Determination of the Antibiotic Resistance Pattern of the Isolates

Disk diffusion method described by Bauer and Kirby (1969)2!
and recommended by Clinical Laboratory Standard Institute
(CLSI, 2018)*? was followed to determine antibiotic resistance
pattern. The antibiotic disks used in this study were: Amoxycillin-
clavulanate (30pg) Ampicillin (10pg), Amikacin (30pg),
Azithromycin (15ig), Ciprofloxacin (5ig), Cephalexin (30pg),
Cotrimoxazole (sulfamethoxazole 23.75 g+ trimethoprim 1.75 pg),
Ceftriaxone (30pg), Imipenem (10pg), Kanamycin (30ig),
Nitrofurantoin (300ig), and Rifampicin (5ig). The diameter of zone
of inhibition for an individual antimicrobial agent was translated
into susceptible, intermediate, or resistant categories according
to the CLSI guidelines (2018)%2.

Plasmid Profiling

Plasmid DNA was prepared according to the simplified alkaline
lysis method of Birnboim and Doly (1979)%3. Plasmid DNA was
separated by horizontal electrophoresis in 0.8% agarose slab
gels in a TAE buffer at room temperature at 80 volts for 1.5 hours.
The gel was stained with Et-Br for 25 minutes and destained with
distilled water for 5 minutes. DNA bands were visualized and
photographed using Gel Documentation with UV trans-
illuminator.

Integron Profiling

PCR was performed to amplify the Integron genes using a pair of
Integron gene-specific primers (intlF 5t-
ACATGTGAGGCGACGCACGA-31, intiR 5t-
ATTTCTGTCCTGGCTGGCGA-3")?*. The PCR was performed in
total volume of 50 pl containing 25 pl of PCR master mix (GeneOn,
Germany), 2 pl DNA template, 0.5 pul of each primer, 0.25 [ of
DMSO and 21.75 pl PCR grade water. For completion of PCR, the
thermocycler was programmed: Initial denaturation at 95°C for 5
minutes, 35 cycles of denaturation at 95°C for 1 minute, annealing
at 55°C, extension at 68°C for 30 seconds and final extension at
68°C for 10 minutes. The PCR products were resolved by horizontal

16

electrophoresis in 1.2% agarose slab gel. The gel was stained
and the DNA bands were visualized as aforementioned.

Results

Cultural and morphological identification P. aeruginosa
Pseudomonas aeruginosa were re-confirmed by observing
yellowish green colonies on CA plates with characteristics grape—
like odor of aminoacetophenone (Fig. 1).

Fig. 1. Morphological characteristics of Pseudomonas colonies
on CA

Biochemical Characteristics

All isolates conformed to biochemical reactions typical of
Pseudomonas spp. by producing red slant, red butt, no gas and
no H,S in Kligler Iron Agar. All isolates were Indole negative,
utilized Citrate as sole Carbon source and were Oxidase and
Catalase positive.

Antibiotic Resistance Pattern

All isolates were resistant to at least 6 of the 13 antibiotics used
and were hence MDR. All the isolates were resistant to Ampicillin,
Amoxycillin, Cephalexin and Rifampicin, 87.5% of the isolates
were resistant to Cotrimoxazole and Ciprofloxacin and 78.6% of
the isolates were resistant to Amikacin. With the exception of
Imipenem, more than 70% of the isolates exhibited resistance to
the remaining antibiotics tested (Fig. 2).

Plasmid Profile Analysis

Plasmid profile analysis of all the Pseudomonas aeruginosa
isolates was analyzed in 0.8% gel to understand the possible link
with the antibiotic resistance properties. In this study, all the
isolates showed the presence of fragmented chromosomal DNA
of identical size. The agarose gels for resolution showed no
plasmid DNA from the isolates (Fig. 3).
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Fig. 2. Antibiotic resistance pattern of the isolates to different
antibiotics. Keys to names of antibiotics are: AMP — Ampicillin,
COT - Co-Trimoxazole, AMC - Amoxycillin-Clavulanate, IPM —
Imipenem, RIF— Rifampicin, AZM - Azithromycin, CN— Cephalexin,
CIP — Ciprofloxacin, CTR — Ceftriaxone, S — Sensitive, AK —
Amikacin, I — Intermediate, K — Kanamycin, R - Resistant
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Fig 3. Agarose gel electrophoresis of isolates showing respective
band patterns following plasmid extraction. Only chromosomal
[fragment was observed. The ladder is 1 kb ladder from GeneON
(Germany)

Presence of Class 1 Integron gene in the Pseudomonas
aeruginosa isolates

In this study, 50% of the isolates (n=14) contained Class 1 Integron
(Fig 4). All Class 1 Integron bearing isolates showed similar
antibiotic resistance profiles, indicating to the possibility of having

17

I

1Ka

5061 bp

Fig. 4. Presence of Class 1 integron in Pseudomonas aeruginosa.
Lane 1 is 1Kb ladder from Gene ON. Lanes PI1-P14 denote
isolates 1-14.

similar gene cassettes in Integrons. Isolates that contained Class
1 Integron showed variation in resistance to Imipenem only.

Discussion

Antibiotic resistance is a burning issue in the field of medicine®.

One of the mechanisms by which Gram-negative bacteria acquire
antibiotics is the transfer of antibiotic resistance genes via mobile
genetic elements. The present study was undertaken to
investigate the antibiotic resistance pattern and the presence of
mobile genetic elements, particularly plasmids and Class 1 Integron
gene, in 14 clinical isolates of P. aeruginosa.

In this study, the isolates showed resistance to most of the
antibiotics tested, with the exception of Imipenem. Although
plasmid was not observed in none of the isolates, 50% of the
isolates carried Class 1 Integron. The presence of mobile genetic
element is an added threat of antibiotic resistance as this may
enable transfer of resistance genes to sensitive isolates.

Overuse and misuse of antibiotics, disposal of clinical waste
containing antibiotics in the environment, lack of proper education
and large scale use in aquatic culture and livestock are increasing
the selective pressure that favor the antibiotic resistant organisms
throughout the world including Bangladesh?¢-2°. The fact that
all the isolates were MDR in this study emphasized the need
towards controlled use of antibiotics for the treatment of
Pseudomonas infections. It is high time to study the prevalence
of MDR P, aeruginosa in Bangladesh. Our results were, however,
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different from that of Safain et al. (2018)** who found lower rate
of resistance among P. aeruginosa isolates (n=17) from different
environments. In an earlier study, Ameen et al. (2015)3! found
complete susceptibility of test isolates (n=32) from surface water
to the 3" generation antibiotics (Beta-lactams, Ciprofloxacin, etc.)
which is in contrast to our findings. In case of street food sold in
Dhaka city, majority of the Pseudomonas isolates were found to
be resistant to Nitrofurantoin®? , a finding different from our study
where all of the isolates were resistant to this drug. In a study
conducted on clinical isolates in 2007 (n=294) from Dhaka Medical
College Hospital, Imipenem was found to be a drug of choice for
the treatment of P. aeruginosa. In our study, only 28.5% (n=4) of
our isolates were susceptible to Imipenem, hence in complete
contrast with the aforementioned study. Although the number of
sample studied in our case was much smaller, the increasing trend
of resistance to different antibiotics is alarming and again calls
for alternative treatment strategies.

Plasmids play critical roles in bacterial fitness and evolution of P.
aeruginosa. In spite of this, none of the 14 isolates contained
plasmid. In P. aeruginosa clinical isolate HS87, two plasmids
were found and their sizes were 11.2kb and 26.8 kb3, These
plasmids can carry mobile genetic elements and antibiotic
resistance genes resulting in the evolution of MDR P. aeruginosa.
However, the same authors also reported that no plasmid has
been seen in the complete genome of P. aeruginosa, a statement
in concordance with our findings.

Antibiotic resistance genes in P. aeruginosa are often associated
with mobile genetic elements such as transposons, integrons
and IS elements?#3°. In our study, we found Class 1 Integron
gene in 50% of the isolates. However, there was no specific
correlation between occurrence of multi-drug resistance and
presence of integron gene, indicating that the chromosome played
a crucial role in the antibiotic resistance.

Conclusion

The detection of antibiotic resistance profile of a pathogen is
important, particularly in the context of treatment. The present
study indicates the presence of multiple antibiotic resistant P
aeruginosa in clinical samples. The major limitation of this study,
however, was the small number of bacterial isolates and the lack
of their molecular identification. The spread of these bacteria can
lead to endemic outbreaks and the lack of awareness to treat
these bacteria appropriately may confer resistance of these
bacteria to more types of antibiotics. However, conjugation
experiments and chemical transformation were not conducted in
the present investigation to determine plasmid transfer. Whether
gene transfer occurs naturally remains the focus of future studies.
Hence, care has to be taken against treating diseases involving
them. The study also identifies that all the bacteria are still
sensitive to Imipenem. However, a fair assumption is that, if
misuse and overuse of antibiotics in Bangladesh is not reduced
then the effective antibiotics would not remain effective for long.

18

Acknowledgement

The authors are grateful to the Department of Microbiology,
University of Dhaka, Bangladesh, for laboratory facilities.

References

1.  ECDC. Surveillance of antimicrobial resistance in Europe. European
Centre for Disease Prevention and Control; 2017.

2. WHO. Antimicrobial resistance: global report on surveillance. World
Health Organization; 2014.

3. Ayukekbong, J.A., Ntemgwa, M., Atabe, A.N. The threat of
antimicrobial resistance in developing countries: causes and control
strategies. Antimicrob Resist Infect Control 2017;6:47.

Sosa, A.D.J., Amabile-Cuevas, C.F., Byarugaba, D.K., Hsueh, P.R.,
Kariuki, S., Okeke, I.N. Antimicrobial resistance in developing
countries. Springer; 2010.

5. Kung, V.L., E.A. Ozer, and A.R. Hauser. The accessory genome of
Pseudomonas aeruginosa. Microbiol. Mol. Biol. Rev. 2010;74:621—
641.

6. Carmeli, Y., Troillet N., Karchmer, A.W., and Samore, M.H. Health
and economic outcomes of antibiotic resistance in Pseudomonas
aeruginosa. Arch. Intern. Med. 1999;159:1127-1132

7.  Jarvis, W.R. 2003. Epidemiology and control of Pseudomonas
aeruginosa infections in the intensive care unit. In A.R. Hauser J.
Rello (ed.), Severe infections caused by Pseudomonas aeruginosa.
Kluwer Academic Publishers, Boston, MA, pp. 153—-168.

9. Novovic , K.D., Malesevic , M.J., Filipic , B.V., Mirkovic , N.L.,
Miljkovic , M.S., Kojic, M.O. and Joveie, B.U. PsrA regulator connects
cell physiology and class | integron integrase gene expression through

the regulation of /ex4 gene expression in Pseudomonas spp. Curr.
Microbiol. 2019;76:320-328.

10. Kung, V.L., Ozer, E.A., and Hauser, A.R. The accessory genome of
Pseudomonas aeruginosa. Microbiol. Mol. Biol. Rev. 2010;74:621—

641.

11. Livermore, D.M. Multiple mechanisms of antimicrobial resistance
in Pseudomonas aeruginosa: our worst nightmare? Clin. Infect. Dis.

2002;34:634-640.

Hall, R.M., and Stokes H.W. Integrons: novel DNA elements which
capture genes by site-specific recombination. Genetica 1993;90:
115-132.

12.

13. Collis, C.M., and R.M. Hall. Expression of antibiotic resistance genes
in the integrated cassettes of integrons. Antimicrob. Agents Chemother.

1995;39:155-162.

14. Hall, RM., and C.M. Collis. Antibiotic resistance in Gram-negative
bacteria: the role of gene cassettes and integrons. Drug Resist. Updat.

1998;1:109-119.

15. Mazel, D. Integrons: agents of bacterial evolution. Nat. Rev. Microbiol.

2006;4:608-620.

Wei, Q., Jiang, X., Li, M., Li, G,, Hu, Q., Lu, H., Chen, G,, Zhou, Y.
and Lu, Y. Diversity of gene cassette promoter variants of class 1
integrons in uropathogenic Escherichia coli. Curr. Microbiol.
2013;67:543-549.

Stokes, H.W., and R.M. Hall. A novel family of potentially mobile
DNA elements encoding site-specific gene-integration functions:
integrons. Mol. Microbiol. 1989;3:1669—-1683

16.

17.

18. Recchia, GD., and R.M. Hall. Gene cassettes: a new class of mobile

element. Microbiology 1995;141:3015-3027

Jones, R.N., Kirby, J.T., Beach, M.L., Biedenbach, D.J., and Pfaller,
M.A. Geographic variations in activity of broad-spectrum beta-
lactams against Pseudomonas aeruginosa: summary of the worldwide
SEN TRY Antimicrobial Surveillance Program (1997-2000). Diagn
Microbiol Infect Dis. 2002;43: 239-243.

19.



Class 1 Integron gene harbouring multidrug resistant Pseudomonas

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Cappuccino, J.G., and Sherman, N. Microbiology, A Laboratory
Manual, 4" Ed. Menlo Park, CA: The Benjamin/Cummings Publishing
Company, Inc., 2006.

Bauer, A.W., Kirby, WM., Sherris, J.C., and Turck, M. Antibiotic
susceptibility testing by a standardized single disk method. Am J Clin
Pathol. 1966;45(4):493-496.

Clinical and Laboratory Standards Institute (CLSI) 2018. Performance
Standards for Antimicrobial Susceptibility Testing. CLSI Approved
Standard M100-S15. Clinical and Laboratory Standards Institute,
Wayne.

Birnboim, H. C., and Doly, J. A rapid alkaline extraction procedure
for screening recombinant plasmid DNA. Nucleic acids research.
1979;7(6): 1513-1523.

Altoparlak, U., Erol, S., Akcay, M.N., Celebi, F. and Kadanali, A. The
time-related changes of antimicrobial resistance patterns and
predominant bacterial profiles of burn wounds and body flora of
burned patients. Burns. 2004;30:660-664.

Allen, H.K., Donato, J., Wang, H.H., Cloud-Hansen, K.A., Davies, J.
and Handelsman, J. Call of the wild: antibiotic resistance genes in
natural environments. Nature reviews. Microbiology, 2010;8:251.

Wright, G.D. The antibiotic resistome: the nexus of chemical and
genetic diversity. Nature Reviews Microbiology. 2007;5(3):175-186.

Faiz, Abul and Basher, Ariful. 2011. Antimicrobial resistance:
Bangladesh experience. World health forum.

Wellington, E.M., Boxall, A.B., Cross, P., Feil, E.J., Gaze, W.H.,
Hawkey, P.M., Johnson-Rollings, A.S., Jones, D.L., Lee, N.M., Otten,
W., Thomas, C.M., and Williams, A.P. The role of the natural
environment in the emergence of antibiotic resistance in gram-
negative bacteria. Lancet Infect Dis. 2013;13(2):155-65.

Safain, K.S., Bhuyan, G.S., Tasnim, S., Hasib, S.H., Sultana, R.,
Islam, M.S., Mahmud-Un-Nabi, M.A., Sarker, S.K., Noor,
F.A., Rahat, A., Bhuiyan, M.A.M., Islam, M.T., Manzoor,
F., Anwar, S., Leung, D., Qadri, S.S., Qadri, F., Mannoor, K 2020.
Situation of antibiotic resistance in Bangladesh and its association
with resistance genes for horizontal transfer. 10.1101/
2020.04.06.027391.

Ameen, N., Memon, Z., Shaheen, S., Fatima, G., and Ahmed, F.
Imipenem Resistant Pseudomonas aeruginosa: The fall of the final
quarterback. Pakistan journal of medical sciences. 2015;31(3):561—
565. https://doi.org/10.12669/pjms.313.7372

19

31.

32.

33.

34.

35.

36.

37.

38.

39.

Dey, R., and Stephens, C., and Ashbolt, N 2019. Interactions of
Pseudomonas aeruginosa with Acanthamoeba polyphaga Observed
by Imaging Flow Cytometry. Cytometry Part A. 95. 10.1002/
cyto.a.23768.

Odumosu, B.T., Adeniyi, B.A., and Chandra, R. Analysis of integrons
and associated gene cassettes in clinical isolates of multi drug resistant
Pseudomonas aeruginosa from Southwest Nigeria. Ann Clin Microbiol
Antimicrob. 2013;12:29.

Dexi, B., Yingzhou, X., Cui, T., Xiaofei, J., Jie, Z., Ewan, H., Shiru,
J., Zixin, D., Rajakumar, K., and Hong-Yu, O. 2016. A Site-Specific
Integrative Plasmid Found in Pseudomonas aeruginosa Clinical
Isolate HS87 along with A Plasmid Carrying an Aminoglycoside-
Resistant Gene. PloS one. 11. e0148367. 10.1371/journal.pone.
0148367.

Kobayashi, K., Hayashi, 1., Kouda, S., Kato, F., Fujiwara, T., Peleg,
A.Y., and Hooper, D.C. Hospital-acquired infections due to gram-
negative bacteria. The New England journal of medicine.
2010;362(19): 1804-13.

Xiong, J., Alexander, D.C., Ma, J.H., Deraspe, M., Low, D.E., Jamieson,
F.B., et al. Complete sequence of pOZ176, a 500-kilobase IncP-2
plasmid encoding IMP-9-mediated Carbapenem resistance, from
outbreak isolate Pseudomonas aeruginosa 96. Antimicrob Agents
Chemother. 2013;57(8):3775-82.

Naas, T., Bonnin, R.A., Cuzon, G., Villegas, M.V., Nordmann, P.
Complete sequence of two KPC-harbouring plasmids from
Pseudomonas aeruginosa. J Antimicrob Chemother. 2013;68(8):
1757-62.

Jovcic, B., Lepsanovic, Z., Begovic, J., Rakonjac, B., Perovanovic,
J., Topisirovic, L., et al. The clinical isolate Pseudomonas aeruginosa
MMAS3 carries two copies of the blaNDM-1 gene in a novel genetic
context. Antimicrob Agents Chemother. 2013;57(7):3405-7.

Haines, A.S., Jones, K., Batt, S.M., Kosheleva, I.A.,Thomas, C.M.
Sequence of plasmid pBS228 and reconstruction of the IncP-1 alpha
phylogeny. Plasmid. 2007;58(1):76-83.

Bennett P. M. Plasmid encoded antibiotic resistance: acquisition and
transfer of antibiotic resistance genes in bacteria. British Journal of
Pharmacology. 2008;153 Suppl 1(Suppl 1): S347-57.



