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Abstract

Background: The purpose of this study was to systematically review the prevalence of
class 1 integrons, antibiotic resistance pattern in Pseudomonas aeruginosa (P. aeru-
ginosa) isolated from clinical samples other than burn samples.

Methods: The Web of Science, PubMed, Scopus, and Science Direct databases were
searched using keywords based on the Preferred Reporting Items for Systematic Re-
view and Meta-Analyses (PRISMA) guidelines. The cross-sectional studies published
from 1st January 2000 until 1st January 2019 were included which addressed the prev-
alence of class 1 integrons and antibiotic-resistance in P. aeruginosa isolated from clini-
cal samples other than burn samples. Meta-analysis was conducted using Compre-
hensive Meta-Analysis (CMA) software. The random-effects model, Cochran’s Q and
12 tests were applied for statistical analyses.

Results: Eight articles met the eligibility standards for including in the present meta-
analysis. The combined prevalence of class 1 integrons in P. aeruginosa isolated from
clinical samples other than burn samples was reported by 40% (95% Cl:26.1-55.8%).
The pooled prevalence of Multi-Drug Resistant (MDR) P. aeruginosa isolates was
70.1%. The highest prevalence of combined antibiotic resistance was related to car-
benicillin with a resistance rate of 79.9%. In general, 6 (75%) out of the 8 included
studies showed the correlation between the presence of class 1 integrons and antibiotic
resistance.

Conclusion: Regarding the correlation between the presence of integrons and the high
antibiotic resistance reported by studies included in the present review, there is the
need for preventive measures to prevent the spread of resistance by integrons and
transferring to other micro-organisms.
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Introduction

Pseudomonas aeruginosa (P. aeruginosa) is an aer-
obic non-fermentative gram-negative bacillus and a
common nosocomial pathogen. P. aeruginosa is one of
the dreadful causes of severe infections in clinical set-
tings particularly in immunocompromised patients, as
well as individuals hospitalized in Intensive Care Unit -
(ICU), patients with cystic fibrosis, and those with se-
vere burns 1.

The selective pressure imposed by inappropriate an-
tibiotic use on one hand, and the increasing use of anti-
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biotics on the other hand are probably the main causes
for the development of MultiDrug-Resistant (MDR) P.
aeruginosa in hospital settings 2.

Infections caused by MDR- P. aeruginosa strains
present clinically significant challenges. The empiric
antibiotic therapy for MDR P. aeruginosa has repre-
sented poor outcomes with high morbidities, mortali-
ties, long hospital stays and high economic and thera-
peutic burden on both health systems and the patients 2.

According to the reports of the European Centre for
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Disease Prevention and Control (ECDC), P. aerugino-
sa comprises 9% of all hospital-based infections pre-
senting the fourth most common hospital pathogen in
Europe . Also, CDC reported similar findings in the
United States with the frequency about 7% for infec-
tions caused by P. aeruginosa in hospital settings 5. A
survey in Spain in 2016 showed a higher prevalence
about 13% for this microorganism in ICU of hospitals
6. However, the rate of MDR P. aeruginosa isolates in
Iran has been reported between 30-100% 7.

Some possible antimicrobial resistance mechanisms
in P. aeruginosa include the production of beta-lac-
tamases, overexpression of efflux pumps, down regula-
tion of outer membrane porins, production of AmpC or
loss of OprD, genetic mutations, and finally expression
of integrons on plasmids and transposons *8. The in-
tegrons are specialized genetic structures by which
bacteria can acquire resistance genes through horizon-
tal transmission °.

Integrons can acquire external drug resistance gene
cassettes and integrate them by site-specific recombi-
nation %%, Generally, integrons are comprised of an
integrase gene, two conserved sequences called sull
and intl, and a variable region harboring gene cassettes
between the two conserved fragments 2,

Based on the structure of integrase gene, several
classes of integrons have been recognized. Three main
classes of integrons (i.e. class 1, 2, and 3) have been
identified in gram-negative bacteria including Entero-
bacteriaceae, and Pseudomonas. Among these, class 1
integrons are the most frequent. Class 1 integrons usu-
ally carry one or several gene cassettes conferring re-
sistance to a broad spectrum of antibacterial agents
such as B-lactams, aminoglycosides and fluoroquino-
lones 1314,

Regarding the significance of P. aeruginosa in hos-
pital acquired infections, and the lack of a comprehen-
sive study on the prevalence of class 1 integrons in P.
aeruginosa isolates and antimicrobial resistance pat-
terns of this organism in Iran, an attempt was made to
study the prevalence of class 1 integrons, antibiotic
resistance pattern in P. aeruginosa isolated from clini-
cal samples other than burn samples.

Materials and Methods

Search strategy

The studies addressing the prevalence of class 1 in-
tegrons and antibiotic resistance patterns of P. aeru-
ginosa isolates from Iranian patients’ clinical speci-
mens other than burn samples published from 1% Janu-
ary 2000 till 1% January 2019 were included. The search
was carried out in Web of Science, Cochrane Library,
Scopus, PubMed, and Google Scholar databases. The
search was restricted to the English original articles
reporting the prevalence of class 1 integrons in P. ae-
ruginosa. The following keywords from medical sub-
ject headings or titles or abstracts were used with the
help of Boolean operators (AND, OR). "P. aeruginosa”,

"P. aeruginosa”, "clinical sample", "clinical specimen",

"drug susceptibility"”, "drug-resistance”, "antibiotic re-
sistance", "integrons”, "prevalence", "Int1", "Iran", "cor-
relation” and "local studies" were used alone or in
combination to conduct a complete search on antibiotic
resistance.
Eligibility criteria

All the original articles reporting the prevalence of
integrons in P. aeruginosa isolated from clinical spec-
imens of Iranian patients were considered. Only those
studies that performed antibiotic susceptibility tests
based on Clinical and Laboratory Standards Institute
(CLSI) guidelines were considered and selected. For-
eign studies (i.e. not performed in Iran) and those stud-
ies that did not follow CLSI guidelines in performing
antibiotic susceptibility tests were excluded. Also, all
review types were removed. Studies published in lan-
guages other than English, articles only available in
abstract form and also duplicate publications, letters,
case reports and congress abstracts were excluded.

Data extraction

The intended data including first author’s name,
year of publication, location of study, sample size, the
frequencies of MDR and class 1 integrons, hospital
wards, and correlation between the presence of in-
tegrons and antibiotic resistance were recorded in a
data extraction form designed by the researchers.

Quialification of the studies

The strengthening the reporting of observational
studies in epidemiology (STROBE) checklist was uti-
lized for qualifying the methodology of the included
studies °. Based on the qualification criteria, the stud-
ies were categorized as high, medium or low quality.
For quality assessment, a scoring system was used, in
which ten questions were designed and for each ques-
tion one score was considered. If the answer was posi-
tive, a score of 1 and if the answer was negative or
doubtful, a score of zero was given. Accordingly, the
studies were divided into three groups of weak (Score
between 1-4), moderate (Score between 5-8) and strong
(Score above 8).

Statistical analysis

Meta-analysis was conducted using Comprehensive
Meta-Analysis (CMA) software (Version 3.3.070). The
random-effects model, Cochran’s Q and 12 tests were
applied for statistical analyses. The prevalence of class
1 integrons in P. aeruginosa isolates was reported with
95% Confidence Interval (Cl). To evaluate possible
publication bias, the funnel plot and quantitative Egger
weighted regression test were applied. p-value <0.05
was considered a statistically significant cut off for
detecting any publication bias.

Results
Inclusion process and characteristics of eligible studies
A total of 911 papers were identified through litera-
ture search process (Supplementary figure). Out of
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911 related articles detected through
databases search

456 duplicates studies were excluded

\4

90 records were deleted owing to the
irrelevant titles

Abstract of 365 papers considered

A\ 4

171 records were excluded due to
unrelated topics

88 documents excluded because they
were case reports, congress and meet-
ings

Then 106 full text studies assessed

98 studies were excluded after a full
text evaluating (36 owing to lack of
data accessibility and 32 did not
describe data of class 1
integron, 30 due to missing data)

\d

8 articles included in this study

Supplementary figure. Flow chart diagram of selection studies.

these, 456 duplicate studies were recognized and re-
moved. Also, 90 records with irrelevant titles were
excluded. The abstracts of 365 remained articles were
considered and 259 were excluded owing to justified
reasons. Then, 106 full texts of studies were assessed
of which, 98 studies were omitted due to either lack of
data accessibility, missing data, or not reporting the
frequency of class 1 integrons. Finally, 8 articles were
included in the quantitative evaluation (Meta-analysis).

As shown in figure 1, the prevalence of class 1 in-
tegrons in P. aeruginosa isolated from clinical speci-
mens varied from 13.3 to 99.1%. The clinical samples
were mostly collected from ICU. The pooled preva-
lence of MDR P. aeruginosa isolates varied from 13.1

Study name Statistics for each study Event rate and 95%CI

Lower
limit
0.253

Event
rate

0.370

Upper
limit Z-Value p-Value

Moradian (2013) 0.505 -1.883 0.060

Aryanezhad (2016) 0.133 0077 0.220 -6.036 0.000 [ 3
Mohammadzadeh (2017) 0.305 0.221 0405 -3691 0.000 | 3
Mobaraki (2018) 0275 0218 0.341 -6.121 0.000 | |
Faghri(2018) 0556 0440 0.666 0.941 0.347
Goli(2018) 0991 0877 0.999 3.341 0.001
Poumnajaf (2018) 0.189 0.133 0.261 -6.822 0.000 | |
Salimizadeh (2018) 0905 0683 0976 3.028 0.002 —

0400 0261 0558 -1.245 0213

<100 050 0.00 0.50

Favours A Favours B

Figure 1. Forest plot of the meta-analysis of epidemiology of class 1
integron in P. aeruginosa isolated from clinical specimens.

to 100%. Overall, 6 (75 %) out of the 8 included stud-
ies in the present review reported the correlation be-
tween the presence of class 1 integrons and antibiotic
resistance pattern (Table 1, p<0.05).

Overall effects

There was a statistically significant heterogeneity
among the included studies (Q2=74.1, 12=90.5, t=1.8,
p=0.12). Accordingly, the random effects model was
applied to combine the prevalence of class 1 integrons
in P. aeruginosa isolates. The combined prevalence of
class 1 integrons was obtained as 40% (95% ClI: 26.1-
55.8%) in Iranian patients’ clinical specimens other
than burn samples (Table 2). The pooled prevalence of
MDR P. aeruginosa isolates was reported as 70.1%
(95% ClI: 32.6-91.9%).

Publication bias

The publication bias was checked using funnel plot.
Concerning possible asymmetrical data distribution in
the selected studies, the Egger’s linear regression test
was used to further evaluate any publication bias. Nev-
ertheless, the results of the Egger’s linear regression
test revealed no publication bias (p=0.12) (Figure 2).

Subgroups analysis

Subgroups analysis revealed that the highest com-
bined antibiotic resistance belonged to carbenicillin
following by cloxacillin and cefotaxime with respec-
tive resistance rates of 79.9, 77.4, and 76.6%. On the
other hand, the most effective antibiotics against P.
aeruginosa were polymyxin b and colistin with no re-
sistance rate (Figure 3, Table 3).

Table 1. Characteristics of selected studies from Iranian patients

1.00

Publication

Sample

MDR Intl in

Studies year Location size (N) N(%)  total N (%) Units Correlation *
'(\g'g)rad'a“ ReliEhes e 5 clal 2013 Babol 54 53(98.1) 20 (37) ICU Yes
Aryanezhad M, et al (24) 2016 Bandar Abbas 90 12(13.3) 12(13.3) ICU, non-ICU yes
Mohammadzadeh A, et al (36) 2017 Gonabad 95 - 29 (30.5) Different wards -
Mobaraki S, et al (2) 2018 Tabriz 200 106(53) 55 (27.5) Different wards Yes
Faghri J, et al (18) 2018 Isfahan 72 - 40(55.6) ICU, non-ICU Yes

Goli HR, et al (26) 2018 Tabriz 57 57(100) 57(99.1) ICU Yes
Pournajaf A, et al (37) 2018 Different 143 12(8.4) 27(18.9) CF Patient (Iran) -
Salimizadeh Z, et al (38) 2018 Tehran 21 21(100) 19(90.5) Different wards Yes

* Correlation between Intl and antibiotic resistance, ICU: Intensive care unit, CF: Cystic fibrosis.
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Table 2. Analysis of epidemiology of class 1 integron, and MDRs in P. aeruginosa isolated from clinical specimens

Heterogeneity test Egger’s test Random model
Subgroups overall effect ~ Number of studies o
Prevalen(coz §95 % CI) 7 P Q b 12 T p
Intl 8 40(26.1-55.8) 1.2 0.00 74.1 0.00 90.5 1.8 0.12
MDR 6 70.1(32.6-91.9) 1 0.00 119.1  0.00 95.8 0.43 0.68

Note: Intl: Class 1 integron; MDR: Multi-drug resistant.
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Figure 2. Funnel plot of meta-analysis on the epidemiology of class
1 integron in P. aeruginosa isolated from clinical samples.
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Figure 3. Antibiotic resistance patterns in P. aeruginosa isolated
from clinical samples. Imipenem (IPM), Ciprofloxacin (CIP), Gen-
tamicin (GM), Amikacin (AK), Ceftriaxone (CRO), Ceftazidime
(CAZ), Cefepime (FEP), Piperacillin/tazobactam (TBZ), Aztreonam
(ATM), Cloxacillin (CX), Tobramycin (TOB), Ticarcillin (TIC),
Carbenicillin (PY), Cefotaxime (CTX), Norfloxacin (NOR), Poly-
myxin B (PB), Colistin (CT).

Discussion

In the present study, the combined prevalence of
class 1 integrons in P. aeruginosa isolates recovered
from clinical samples other than burn samples was ob-
tained as 40% ranging from 13.3 to 99.1%. A systemat-
ic review and meta-analysis conducted on isolates re-
covered from Iranian burn samples at similar times
showed a higher pooled prevalence of class 1 integrons
in P. aeruginosa (69%) compared to the present review
16

Seventy-five percent of the included studies in the
current review described a correlation between the pre-
sence of class 1 integrons and antibiotic resistance.
Similarly, a significant correlation was found between
the presence of class 1 integrons and antibiotic re-
sistance in 55.5% of studies selected for review on
burn samples from Iran 6,

This is while most of P. aeruginosa isolates repre-

sented the high resistance toward carbenicillin, and clo-
xacillin. Polymyxin B and colistin are among the most
important anti-pseudomonal antibiotics with the high-
est effects against MDR P. aeruginosa isolates. Likely,
a review conducted on burn samples from Iran at the
similar time ¢ and also another study from North of
Iran (Guilan) 17 showed the same pattern, as the highest
combined resistance was reported against cloxacillin,
followed by carbenicillin and ceftriaxone. There was
no difference between antibiotic resistance pattern,
MDR isolates, and prevalence of integrons in isolates
recovered from both burn and non-burn samples, while
these parameters were high in either of them which can
be considered by clinicians and physicians.

The noticeable differences and variability in the dis-
tribution of class 1 integrons among the Iranian studies
included in the current systematic review and meta-
analysis may be partly due to the heterogeneities in the
patterns of antibiotics use, as well as the sources of
infections and geographical locations 8. Integrons car-
rying gene cassettes provide a powerful vehicle for the
fast horizontal transmission of antibiotic resistance
enes among different bacterial populations, and in this
manner, contribute to the dissemination of antibiotic
resistance in hospital settings which creates a serious
concern for human health services °. Similar to our
findings, several researchers such as Ren et al. in the
United States °, Cholley et al in France %, and Tac-
cone et al in Brooklyn 2* have reported a relationship
between the expression of class 1 integrons and antibi-
otic resistance in bacterial strains. In accordance with
our findings, the class 1 integrons have been reported
as the most common integrons expressed in P. aeru-
ginosa isolates in studies conducted in Japan 22, Spain
9 and China .

The high frequency of integrons particularly class 1
integrons among resistant P. aeruginosa isolates high-
lights a role for these genetic elements in resistance to
antimicrobial agents. In this study, relatively high rates
of resistant P. aeruginosa in ICU and other units of
hospitals were reported, and also patients in these units
were particularly susceptible to infections caused by
MDR P. aeruginosa. Thus, particular strategies should
be implemented to prevent the colonization of gram-
negative bacteria such as P. aeruginosa and transmis-
sion of resistance genes among these micro-organisms
through integrons in hospital settings 2.

A study carried out by Aryanezhad et al %, included
in the present review, showed a significant correlation
between antibiotic resistance pattern and the presence
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Table 3. Subgroups analysis for antibiotic resistance in P. aeruginosa isolated from clinical samples other than burn samples

Heterogeneity test

Egger’s test Random model

Subgroups Number of studies

Prevalence (95% CI) (%) z P Q P 12 T p
Imipenem 7 47.5(32.8-62.7) 031 000 3526 042 96.3 083 075
Ciprofloxacin 8 62.4(48.6-74.5) 17 000 4067 0.2 96.06 11 007
Gentamicin 7 60.5(47.4-72.2) 15 011 2889  0.37 95.1 09 011
Amikacin 8 57.4(46.4-67.8) 13 000 2622 0.9 94.2 01 018
Ceftriaxone 5 58.6(29.8-82.5) 0.56 000 1298  0.72 96.9 037 057
Ceftazidime 6 57.8(44.4-70.2) 114 000 2896 099 955 000  0.25
Cefepime 5 46.4(26.6-67.4) 0.32 000 2509  0.34 96.8 1 0.74
f;fgggg'tgm’ 6 50.6(40.4-60.8) 0.11 000 1029 035 91.2 0.97 0.9
Aztreonam 5 48.1(27.9-68.9) 0.17 000  180.7 0.1 96.6 19 086
Cloxacillin 3 77.4(62.8-87.4) 34 0.00 328 0.23 90.8 16  0.001
Tobramycin 6 65.8(51.2-77.9) 2.1 000 1608 078 95 028  0.035
Ticarcillin 8 55.4(40.1-69.7) 0.68 000 1025 070 93.1 039 049
Carbenicillin 3 79.9(72.7-85.6) 6.7 0.00 2.7 0.80 28.3 032  0.00
Cefotaxime 3 76.6(72.1-80.6) 97 0.00 96 0.96 79.3 005  0.00
Norfloxacin 4 57.3(11.5-93.3) 024 000 1809 045 98.3 091 081
Polymyxin B 3 1(1-2.5) 6.4 000 0001 005 0.00 121 0.00
Colistin 3 1(1-1.25) 41 000 0001 0.6 0.00 102 0.00

Note: CI: Confidence interval, Q: Cochran's Q test, P: p value, T: t student test, 12: I-square, Z: Z-value.

of integron class 1 among isolates recovered from
ICU’s patients compared to ones retrieved from other
wards. The resistance to third generation of cephalo-
sporins, carbapenems, aminoglycosides, and amino-
penicillins was possibly caused by integron class 1,
leading to clonal spread of these resistance genes in
different hospital units and consequently among pa-
tients hospitalized in clinical settings %. Also, similar
to other studies mentioned in the present review, a high
level of resistance in positive isolates for class 1 and 2
integrons was observed against ceftazidime and ciprof-
loxacin, with prevalence rate of 82.5, and 76.2%, re-
spectively in a study conducted by Faghri et al . In-
terestingly, they reported a significant correlation be-
tween presence of class 1 and 2 integrons and the high
antibiotic resistance 8. For further confirming the role
of integrons in antibiotic resistance, another study con-
ducted by Goli et al described the significant relation-
ship between the presence of class 1 integrons and re-
sistance against aminoglycosides and beta-lactams.
Moreover, they reported that all burn isolates were in-
tegron-positive and MDR 2.

Nevertheless, some included studies showed no re-
lationship between the presence of integrons and anti-
biotic resistance in P. aeruginosa. This may partially
be related to the contribution of other mechanisms in-
volved in antibiotic resistance such as the overexpres-
sion of AmpC beta lactamase (which is encoded by
chromosomal genome), the repression or inactivation
of Carbapenem porin OprD, and the up-regulation of
different efflux pumps 4.

In the present review, the pooled prevalence of
MDR P. aeruginosa isolates recovered from clinical
specimens of Iranian patients was 70.1%. In compari-
son, the frequency of MDR P. aeruginosa isolates was

reported 30% in eastern European countries 27 that was
lower than the ratio obtained here. In line with our
findings, however, other studies in China % and Brazil
2 reported the high frequency of MDR P. aeruginosa
isolates. In accordance with our results, Fonseca et al
showed that more than half of imipenem-resistant and
almost all MDR P. aeruginosa isolates expressed class
1 integrons %,

In the current study, the most effective antibiotics
against P. aeruginosa isolates were polymyxin B and
colistin with susceptibility rate of 100%. This is while
most of P. aeruginosa isolates represented the high
resistance toward carbenicillin (79.9%), cloxacillin
(77.4%), and cefotaxime (76.6%). Polymyxin B and
colistin are among the most important anti-pseudo-
monal antibiotics with the highest effects against MDR
P. aeruginosa isolates. However, both of these antibi-
otics have been associated with side effects and toxici-
ties 4. In fact, the restricted prescription of polymyxins
because of their toxicity is probably the most important
reason for the high susceptibility rate (100%) of P.
aeruginosa isolates in exposure to these antibiotics .
Accordingly, a report from Spain in 2015 revealed a
high rate of combined resistance to three or more fre-
quently prescribed antimicrobial agents (Piperacillin—
tazobactam, ceftazidime, fluoroquinolones, aminogly-
cosides and carbapenems) among P. aeruginosa iso-
lates 3L, Also, polymyxins have shown the highest anti-
bacterial activity among XDR P. aeruginosa isolates 2’
which is in agreement with our results.

To the best of our knowledge, fluoroquinolones
(such as ciprofloxacin) are among the most effective
available antibiotics for the treatment of P. aeruginosa
infections, particularly urinary tract infections 2. In
this study, however, up to 50% of P. aeruginosa iso-
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lates showed the resistance against ciprofloxacin. Ac-
cording to the studies conducted in Latin America and
Europe, 25-30% of P. aeruginosa isolates were also
resistant to ciprofloxacin 3334, In addition, in this study,
a broad resistance against beta-lactams and aminogly-
cosides was observed in P. aeruginosa strains which is
in line with the results of previous studies 2%, On the
contrary, other researchers have described low resist-
ance rates of P. aeruginosa against aminoglycosides
2329 Qverall, the prevalence of MDR P. aeruginosa
isolates was high in clinical samples other than burn
samples obtained from Iranian patients especially those
hospitalized in critical care units. Furthermore, a high
penetrance of class 1 integrons was noted in the MDR
P. aeruginosa isolates delineating their association
with antibiotic resistance in these bacteria. Timely re-
porting of antibiotic resistance patterns in these bacte-
ria is recommended to prescribe appropriate antibiot-
ics. Also, it is recommended to develop hospital-based
infection control committees and educate their mem-
bers regarding the nosocomial infections control pro-
grams. The current review showed the polymyxin B
and colistin as the effective antibiotics; however, the
toxic adverse effects are seen in cases treated with pol-
ymyxins.

As it is clear from the results, the Pseudomonas
strains showed more than 50% resistance against most
antibiotics, which indicates an increase in resistance
against P. aeruginosa in Iran. Gradually, special anti-
biotics will not be available to treat Pseudomonas in-
fections and there is a serious challenge for the control
of infections created by Pseudomonas. Furthermore,
the high prevalence of class 1 integrons and conse-
quently the higher prevalence of MDR strains show the
significant role that class 1 integrons play in the trans-
mission of antibiotic resistance, which has become a
serious problem for health systems in our country that
should be seriously considered.

Conclusion

Results of the present review indicate a high rate of
antibiotic resistance among P. aeruginosa isolates re-
covered from clinical samples. Also, 70% of isolates
were MDR and the prevalence of class 1 integrons was
almost high. These integrons had genes for resistance
to different family members of antibiotics and caused
multi drug resistance in our isolates. A significant cor-
relation between the presence of integrons and the high
antibiotic resistance was reported by most studies in-
cluded in the present review. Therefore, existence of
class 1 integrons shows high risk of resistance trans-
mission and spreading of MDR isolates in clinical set-
tings. Antibiotic consumption control and antibiotic
stewardship are required for decreasing resistance in
clinical strains. There is a necessity for preventive
measures (safe food preparation, immunization, hand
washing, and taking antibiotics as directed and only

when needed) to prevent the spread of these resistances
by integrons and transferring to other micro-organisms.
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