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Abstract

Pseudomonas aeruginosa is one of the most common opportunistic microorganisms causing
infections in a wide variety of patients. Increasing intrinsic and acquired resistance to
antibiotics is a global challenge for the treatment of infections. The aim of this study is to
evaluate the extended-spectrum beta-lactamase (ESBL) and AmpC beta-lactamase activity of
Pseudomonas anrogenase isolated from clinical specimens. In this research 55 strains of
Pseudomonas aeruginosa isolated from clinical patients were identified by biochemical methods
and then their antibiotic resistance pattern was determined by diffusion method. The strains
producing ESBLs were evaluated by combined test and AmpC by the double synergism
phenotypic method. Molecular methods were also used to detect strains carrying ACC, FOX,
MOX, DHA, MIR, CMY, TEM, SHV and CTX genes. In this study, the highest resistance was
to the antibiotic meropenem (52.7%) and the lowest resistance was to the antibiotic colistin
(1.8%). When the synergism of the double discs was examined, 61.8% of the strains were found
to produce AmpC. None of the strains in this study were ESBLs. The frequencies of DHA,
MOX, FOX, ACC, SHV and CTX genes were 30.9%, 12.7%, 81.8%, 27.3%, 5.5% and 5.5%,
respectively. MIR, CMY and TEM genes were not observed in any of the strains in this study.
The results showed the frequency of the FOX gene among the strains and the greater resistance
of these strains to the antibiotic meropenem, and AmpC B-lactamase activity was evaluated as
an important factor in the occurrence of antibiotic resistance.
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Introduction

Pseudomonas aeruginosa is one of the most common opportunistic microorganisms causing
infections in various patients including respiratory infections, hereditary cystic fibrosis,
bacteraemia, burns, septicemia and other infections. P. aeruginosa is resistant to a wide range
of antibiotics, including penicillins, broad-spectrum cephalosporins and carbapenems.
Increasing intrinsic and acquired resistance to antibiotics is a global challenge in the treatment
of infectionsProduction of beta-lactamase enzymes and increased expression of efflux pumps
play a major role in the resistance of Pseudomonas aeruginosa strains to beta-lactam antibiotics.
Beta-lactams, such as cephalosporins, are antibiotics that are widely engineered to be resistant
to the hydrolytic activities of beta-lactamase enzymes. The production of beta-lactamase
enzymes is one of the main mechanisms by which Gram-negative bacteria develop resistance to
beta-lactam antibiotics. With the indiscriminate use of this class of antibiotics and the selective
pressure on bacteria, newer beta-lactamases have emerged that are resistant to these antibiotics
a new class of these enzymes called broad-spectrum beta-lactamases. Nowadays, beta-
lactamases are being released in a wide range and have spread to many bacteria, such as P.
aeruginosa. These agents are placed on plasmids , which facilitates their spread in bacteria. In
addition, bacteria that produce ESBLs are often resistant many non-beta-lactam drugs such as
trimethoprim, quinolones, sulfamethoxazole and aminoglycosides, causing many problems in
the treatment of infections caused by them. AmpC enzymes, often inducible by beta-lactams,
are encoded by chromosomal genes and are present in many Gram-negative bacilli. Most of the
enzymes are AmpC cephalosporinases, but to some extent they have the ability to hydrolyse
other beta-lactams such as penicillins. This enzyme is resistant to inhibition by clavulanic acid
and biologically confers resistance to cephamycins and oxyaminobutalactams. The aim of this
study is to evaluate the extended spectrum beta-lactamase (ESBL) and AmpC beta-lactamase
activity in P. aeruginosa isolated from clinical specimens.

Materials & Methods:

This study was conducted on P. aeruginosa isolated from 55 clinical samples of patients
referred to Milad Hospital in Tehran as outpatients and inpatients. Bacterial strains were
identified by biochemical methods such as Gram stain, TSI, SIM, MRVP, indole, simon citrate,
OF test and oxidase and then their antibiotic resistance pattern was determined by disc diffusion
method. The strains producing ESBL were evaluated by combined disc test (to perform this
step, combined disc method of clavonic acid, ceftazidime and cefotaxime purchased from
Padton Teb Company was used. According to the company, after preparing a suspension of half
of McFarland from the strains studied, disc of ceftazidime, ceftazidime clavonic, cefotaxime
and cefotaxime clavonic acid were placed at a distance of 20 mm from each other on an agar
plate after 24 hours of incubation at a temperature 37°C of the strains, if the increase in halo
diameter associated with Clavoni compared to each of the antibiotics was 5 mm compared to
their halo diameter alone, it confirms the presence of ESBLs) and AmpC by double disk
synergism( culture was given on Mueller Hinton agar medium using swap sterile suspension
equivalent to half of McFarland bacteria. A ceftazidime disc and a cefoxitin disc were then
placed on the medium using sterile forceps. The plates were heated to 37°C for 24 hours. In this
test, if after 24 hours a large halo around the ceftazidime disc and a small halo forms around the
cefoxitin disc, and the ceftazidime halo has a flat end on the side of the cefoxitin halo, the DDT
test is reported as positive (phenotypic method). Molecular methods have also been used to
detect strains carrying the ACC, FOX, MOX, DHA, MIR, CMY, TEM, SHV and CTX genes by
polymerase chain reaction. In this study, SPSS ver-22 software was used for statistical analysis
of the collected data. The relationship of the information was considered significant using Chi-
square test and P-value less than 0.05.
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Results:

In the present study, the highest resistance to the antibiotic meropenem (52.7%) and the lowest
resistance to the antibiotic colistin (1.8%) were observed. In addition, by examining the
synergism of double discs, 61.8% of the strains were found to produce AmpC. None of the
strains in this study were ESBLs. The frequencies of the DHA, MOX, FOX, ACC, SHV and CTX
genes were 30.9%, 12.7%, 81.8%, 27.3%, 5.5% and 5.5%, respectively. MIR, CMY and TEM
genes were not observed in any of the strains in this study. Among the strains studied, the
highest gene coexistence is related to DHA and FOX genes (30.9%) and the lowest gene
coexistence is related to ACC and MOX genes (1.8%). In addition, the CTX-ACC, CTX-
MOX, SHV-ACC and SHV-MOX genes were not observed simultaneously in this study. In all
the resistant strains studied, the highest frequency associated with the FOX gene and the lowest
frequency with the MOX gene. Meanwhile, strains resistant to meropenem antibiotics had the
highest frequency of genes studiedThe lowest frequency of genes was also observed in the
strain resistant to colistin antibiotics. The frequency of SHV and CTX genes among all
antibiotic resistant strains was observed at the same level (5.5%). Also with statistical analyses
of resistance to ciprofloxacin, ceftazidime, lofloxacin, piperacillin, amikacin and gentamicin
and SHV and CTX genes, also between resistance to amikacin and gentamicin antibiotics and
ACC gene and finally between resistance to antibiotics gentamicin biotic and FOX gene were
significantly related P value<0.05).

Conclusion:

The results showed the frequency of FOX gene among the strains and the greater resistance of
these strains to the antibiotic meropenem, and AmpC B-lactamase activity was evaluated as an
important factor in the occurrence of resistance to antibiotics.

Today, antimicrobial resistance in Gram-negative bacteria is rapidly becoming a global
public health crisis. In particular the emergence of ESBL and AmpC strains and the acquisition
of other resistance genes with the ability to cope with new antibiotics is very worrying. This
highlights the importance of continued and comprehensive studies of these strains. On the other
hand, the number of organisms capable of producing ESBL and AmpC enzymes in
Pseudomonas aeruginosa strains is increasing, which is one of the most important issues in the
treatment of infections caused by this bacterium. In the present study, the strains carrying the
genes studied were highly resistant to antibiotics. The study also founda significant association
between AmpC-positive strains and antibiotic resistance . The study found that extended-
spectrum beta-lactamase (ESBL) resistance was not present in the strains tested, and a small
number of strains carried the genes for this type of resistance. Since most resistance is induced,
it seems that in recent years the antibiotics that induce this type of resistance have been used
less in treatment and this resistance has decreased, but because of the increased use of third-
generation cephalosporins, this resistance is still there. It is present at high levels in pathogen
strains.
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Figure 2. relative frequency of genes among the strains.

5.5%

3.6% 3.6% 3.6% 3.6%

— 0,
30.9% 7 35%
27.3% 30%

+ 25%

4

L 20% 3
1 L)
12.7% sy

7.3% T 10%

1.8% 5%

L 0%

> & & &

S F F & &S S
AR A\ N M\ A\ J\ 4
S QQ‘V\ gL
LYY @'l.o Yo

a5 Sl jar (o sl 3 ¥ 15 503
Figure 3. relative frequency of gene coexistence

O & b Gl p e oz 205 pslie
s eSS T 4 psli Gl Ol

Cromen Azdls |y edbanllae O Slgl B o mie

Slaa g 3 oldpmyp O SlslE e
CLeSam ST & sl Lt s T elisesd s
4 odm g bl odd ools QL T Slosed s kil

Sl g sled jd Lb esde oo T ey @L:S

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593

Ff OSan 5 skt ls 6 o /e b g03 g 40 5 )3 (5 3LISYl AmpC 5 (ESBL) o5 28 Cab o5lelsYL ol g

3 SHV lai5 5 Cpeelir 5 elSaT ¢l g
S ST 4 Caslis w5 ACC 05 5 mmslolir

P ).,\..'b odalie Lg)\b\;su .19\...7)‘ FOX Qj} M\At‘.\?

S BT 4 palie apm 3 OS5 SIlp p S
BE CTX 9 SHV L;l.aqj dlﬁ‘f A odalin M;
e &S5 4 55 5 ST 4 sl Sl o0 (olad o

J:JUT Lsngs“"JJ" La w.qr.».b A odalin (M)J b/a)

(value < 0.05 eSS T @ sl

(oS 5l

C_.A_gu.n O

‘r{.\i,m cww}lé)m

45%

H DHA 382% 40%

mMOX mFOX
35%

WACC mSHVY mCTX

30%

i1 gl h

23.6%
21.8% 21.8%

25%
20%

18.2% 18.2%

14.5%

10.9% 15%

7.3%
9 7.3% V
5.5% T s 73% % 7% s 5.5% 5.5% 10%
5.5% ;.59 55% 5.5% JUE - 5.5% 9

3.69 3.69 3.69 3.69 5%
0%

Gentamycin Amikacin Colistin Piperacillin Levofloacin Ceftazidime Meropenem Ciprofloxacin

S g S A..vfju.a S g 53 LS o Sl 5

S s BT pslis (cList ia AT olipess s Slags g 53 1805 (o (S1o 3 F s sl
Figure 4. relative frequency of genes in antibiotic-resistant Pseudomonas aeruginosa strains

100% .

61.8% )

=

21.8% 27.3% 50% .B

9.1% i

M eam .
DHA MOX FOX ACC
AmpC Slag gw 53 yol> BY)

e AMPC (ofj0 g 0T ol 053 30 (Sl gon 53 0 (ood S5l 3 0 15 s
Figure 5. relative frequency of genes in AmpC positive Pseudomonas aeruginosa strains

(P value < 0.05) Lé cdalin (5 lsbas LL5
o..LATC,.w:M' 6\:;

v pslae 5 e AMPC (oList o ST elisasd s
S5 s BT Canglie o b 15 Ol eSS 50 5T

S ST 4 s St AMPC (sla g o 5

SLa s (gwyp )

B rl.\fa_} Oeoman g o3y (Loys OV) TR

Slag g 53 ol ) p GOS Sl (s W
sy olas e AMPC (list o 7T pelisess e
Ly o St AMPC Glasy g 53 (35 Sls) 2 o i
4 by Slslp S 5 (Ao, #VA) FOX 0 4

‘U‘i‘ 2 o})&& (5 )‘.Sja.;) ) (M)J */\) MOX Qj

Cie AMPC (slaw g 3 FOX 5 ACC (a0} o

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593

VXY o)led s o dlo (09 Sn (ol

o

5 ST el cmalS B  Slii
P Value < ) A& av\bu.w Lg‘)‘.)t;u LUJ‘ ML&L&?—
.(0.05

7.3%

7.3% 5.5%

i 557G 5 5T 4 Cd ot AMPC (gl 5
5 Suie AMPC Glagy g s (7 )1 500) L350 p 5l

cr.l.;)f c&:.wwjléjm L;LA&ZS}:{GIST‘L: o glas

60%
- 50%
40%
- 30%
- 20%
10%
0%

50.0%

i gl

3.6%
|

m

é/\(\ ((\?/ Q,((‘ /b(}(\

&
‘0

o
(10 (2 ‘0

R

oo AMPC (S gu g 30 S g HT oglio

i AMPC (o5t s T polipo 53 guw G gy 53 (S5 gm0 5T Caaslie o Slsl 5.5 13 o3
Figure 6. relative frequency of antibiotic resistance among AmpC positive Pseudomonas aeruginosa strains.

4 Cawd Suglie S 5 0y SO sT
St s b A2 sl i S 05 AT
S g ST Cwslie XYY Jlo ys LS
GIF w57 ol Lisda T pelipe s s Sl s
aVi4 u:“"‘g':“T A I K/ e S el
OV sl OY s bl 5 OF/Q CL')J:JT BA/A
Aoy FY/Y (l:fbj)l.? Okl g 5 YVAA r.:.:.zm
L g (M)J M’/Y) v axdllae U‘-’-‘ B W
g WO psaze I Lisife ST elisesse
Q‘J:a (YY) LLd aMLim )Lo...ll.v)ls du\.:ﬂw)ﬁ
FYL ol anllas 4 S andllas ol s e gl
ed S S T 4 e Cowles o
adlas ol 53 Vb Coslie s ol 0ds 518
93 U‘»’«‘ 6:\:.9‘_}» C_,..:x;}/: 35 Sl J:J.)su ”\J‘};@
anlllas BE) ou\..ird)}.‘-@.? LSLA‘U}AJ ‘J‘.’J el anlls
Ol 5538 ooy aibie jl 0K 5 (5

.\:aw“‘ abﬁ

S s Sl e S S ST i

;. .
b Listis il olisesssm Sl Cilig Ol
L4 pslie @ lom o dsh 055 S Olsen
LSLA&J;‘JL»‘ QT J"‘J” DL 4§ s;.w\ ob; U’J._LAL.& j)‘.)
JB s Sund 4 Ll Siske JRS 5 Sl
.]a.w_,.'u' La)l.»l:f‘ﬁl:., 6‘.&‘..;)4-‘- .l:.‘_,? cajjja‘ el
S e 08 Sl ST 055 (slas s
PV oS s 8T & Cuslin Julse o e
5 S gods 1) eVl (slaeSls 5o T 45508
AN Wgd OS5 opl Oas 51 o

@ o bty g Cunglin Ol Sl anlllas o
wajbjﬁd cau\.::wjj Lsu&;j:-’@-\-
ol eSSl
N S il elSaT e S

Lo YA/Y 5 YV/IY VA YO/ XYV YVA BYIY

rlan g e

A s Cwglan op 2is Ol cpl 5o A odalin

' critical priority

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593

£ OLSn 5 L3 4,0 /e olignd gon 4 g 55 ($5LES Y AMPC 5 (ESBL) 03 28 Cab (5L Viy Clad oy

o33 AV a8 o g e ey PY/A el ST
oy PO ahs e ko) VAP V’“‘;U}M
Coaslin o ys OMD pls 55T 5 o ys AV pdon T
AP dsls

Double Disk Synergy <. C‘L“ @ 4;: L
o) os e AMPC slaw g gy (sl Test
AMPC W 50 gy g 51 () g0 YF) oo y3 PV/A andllas
Sl 3| S adlas ol 55 Lud luls
Al edalie Lo ESBLS o5 98 bl eds pu )y

T Jle s 5L 5 owlegh anfles b
A3 List s PT elisess s Slas s Aoy AT/
S ba g 51 o340/ 3 AMPC S o) 5 o5 g8
s Ejikeugwu aslas b .(YF) L5y ESBLS ¢ 5
CBdise gy b Y)Y Jle s LK
A5 Calisen mlie Sl okl Lisd fg T olips s s
Double Disk o552 sy 4 AMpC 5T
ol A G ol C’L’ s gwy » Synergy Test
o HLiS” Sl okl 4 g OF 3l ki i, &) s
V yeb 5l edilar & gad FA Sl o(ds s V8/Y) 4505 &
3 daie 3l el 4503 ¥ 51 (o y3 VF/9) & gas
(YY) W5 o Sz AMPC (Ao ys VA/P) & 55 A

25 )by 43 SO s Slallln 3l 6ok 3
sloslgl= 5 AMPC bo; e M& D)
syl el odd i8S AMPC  Calie
Solie 03 Shes I oS Calbes eSS g ST
4 |y AMpC oslgls by ) Ll g o cliyls
@i geslas Ol ally oS das Lk o8
53 AMPR W5l st (Wl [ ped L3l ails
Sl Lbe ol sS LT Calibe (glady g
Slhasm e Bl - sl 0L
el sl (b L fs 5T eliss s g
Bl Sl B Dby oS slres 5 pl sl s
(YF) cnl

salin 35 Dlalllas Lo )3 [0 g 5T lips s g
Wle Jolse b Olg o 1y cidu il ol Sl odd
o3l 5 §5dS oo (e S a5 B ausa
AYF) 3ls b 5 Oltsloy 51 b 53 OT 3 5doms
5 el wes e OIS
2 i SweSsn ST Ulgey bS5y
Lissfs fT olisasope Sbloy slisis 5,
oy S cpl 5o andlan cpl 3 (YO YF) 5,05 34
Azl odbanlllae glag o @:tﬂ; S5 a1

Dl Giond e sl 51 o3 (S
STl 05 dens OV (VL Calie
4 Ceglie Ol (L8 Olallas js sy (I
ol 03 37 Sl Sl Loy Ver BAV/D I 0l
(F\=Y9)
Yoy Jle s 8K 5 Hosu andllas ;7
s 18 5 ol 4 (S ST slaceslie
b eSS ST b eddy g YOF
O 51y (s PFIY) pleal s & S glae
(Ao ys OV/D) o (Ao ys OV/IN) ru;;ﬂ
O /b) (atfl{};\:/wtm (A 0Y) ok
YON) il (A3 F8/5) o ol (do )
YoV pelSaT 5 (doys YF) o (Ae)s
NN Canlas b bl 5 o dd sdaline (Ao
#2033 OT 3V 9390 S 5T 0 65 Aoy
el sl 5 (Aoys M) oS g s
(V) w15 (o3 Ar/Y)

[ PESTEN PO ,Ejikeugwu adlas b
s is T olisasdsm SBdisas (gu)p b YY)
4 b ol 8 0 ST s il e 5l el
Aoy PFIF 05uSL i t0s SIS Soyse oyl
o3 FIN ahml oy AT S i
o)y PVY bl o)y OF/F ol

Az yd OO/A pawslelim (do s PY/Y ullS Sl

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593

VXY o)led s o dlo (09 Sn (ol

v

Salize L) el Sl Ses 5 ol 515 Lles
sl
FO ey sl 5 Hong asflles b
ey MedS 5 JSLL A G S o)
Sl s 3l doys YH/F ol 5 Ol I edilus
S SKomr 5 Llosy CMY 05 Juls o gmy
L edalie DHA 3 ACC (FOX 05 Jol> laas g
Jole s0j g5 5o Dsls s o S (¥F)
Sladss ol ys eddaaillas (6 SL js O les (e slin

Al

S 5 dmi
‘)‘ av\.;'w)ﬁ LQLAQJ ‘}AL’- ‘_;LAQ).«-I c_).pl> Ax.nk.e BL)
in g ) 55 S g T 4 d (VL aglie
5 Cie AMPC slad g o andllas pl 53 iomen
Golsgme LUl eSS 5T 4 o Cuglis
\LA}LE.G L up:uf«.a axdlas Ui‘ PR odalive
b s > (ESBL) a.sJ:.‘..? b LY
JA\:— LaA.:J.w )‘ @5 Sldas E) JJ‘.U S>3 odkdan)las
ST T 5 Lse Cuslie g5 o) sbeo)
g5 o) Wl Cas 8 QeSS ST L
oslamal Oloys 53 (6 S a4 (Kgd o Cuylas
e Lol el adl 2alS Caglie opl 45T Llods
A Y Rt Y R
055l g e 53 YL Olse 4 Olopan Zasylis
Byl 5y
References

1. Diggle SP, Whiteley M. Microbe Profile:
Pseudomonas  aeruginosa:  opportunistic
pathogen and lab rat. Microbiology, 2020;
166(1): 30-33.

https://doi.org/10.1099/mic.0.000860
2. Taghinejad J, Hosseinzadeh M, Molayi
Kohneshahri S, Javan Jasor V. Pseudomonas

aeruginosa: A biological review. Laboratory
& Diagnosis, 2017; 8(34): 67-82.

5)b5> eddplndl S g0 Slaonsp b imar

Lo WY AMPC la o 5T a5 4 b sy o slo0)
FOX 05 Jal Ao ;3 AVA ACC 05 Jal lady g
03 Jobs Ao 3 ¥/ s MOX 05 ol das 3 VYV
L;ﬂ}a S wyp 5> Lds edalie DHA
LSL‘“(v-l};T Wy 4 by by oyl oddiplnl
0/6 5 SHV 05 Jolb= Lass s I Aoy 8/ ESBLS
Oemmen ding CTX 0 b lagsu do)s
Ll odalie TEM 05 el laws su (‘“{@“
Av Oba 5 OLKer 5 (shtar adllas 3 cpimas
doys O coddadllls [isn o ST elisess g 4 g
by &S i s (Y0) Lsy AMPC O ol
Loys YVt pln (TWA) OHar 5 mlegh
05 el doys VWOV FOX 05 b lags pu
doys VIYP 5 DHA 05 el dwys Y ACC
5 adllas ol 53 (FF) Lz 3,18 MOX 05 el
FOX o5 |, @'\5\_} s ol addllas ASle
(YY) 0L Kes 5 EjiKeugwu G s .ol
Jolo st o 5T ulisns3 g (Slats gon 51 Ao ;5 YA/Y
Sl FOX 05 el doys VY& 5 CMY 05
DHA 3 ACC 0 Jul- s g | &@ 5 Lud
S FOX 05 Slsl 3 ¢ ol anlllae 5 (YY) Lis 45
DHA 3 ACC slay} W}Ejikeugw;ww Bl
JRERSENTEVIN IS SV RPINW ST A7) gresv gt o
Sl ptiges pte st Yol Slalllan 53 D
23 Solen Jile Gbaage Laje B a4l
Sglie Olul s oo pole glaw gy DUl 5

http://labdiagnosis.ir/article-1-202-en.html
[In Persian].

3. Ruedas-Lépez A, Alonso-Garcia I, Lasarte-
Monterrubio C, Guijarro-Sanchez P, Gato E,
Véazquez-Ucha JC, et al. Selection of AmpC
B-lactamase  variants and  metallo-B-
lactamases leading to
ceftolozane/tazobactam and
ceftazidime/avibactam  resistance  during
treatment of MDR/XDR Pseudomonas
aeruginosa infections. Antimicrobial Agents

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.1099/mic.0.000860
http://labdiagnosis.ir/article-1-202-en.html

FA OLSn 5 L3 4,2 /e olignd gon 4 g 55 ($3LES Y AMPC 5 (ESBL) 03 28 (b (5L Yy Clad oy
and Chemotherapy, 2022; 66 (2): e02067- 14. Philippon A, Arlet G, Jacoby GA. Plasmid-
21. https://doi.org/10.1128/aac.02067-2 determined AmpC-type B-lactamases.

4, Jangra V, Sharma N, Chhillar AK. Antimicrobial agents and chemotherapy,
Therapeutic approaches for combating 2002; 46 (2): 1-11.
Pseudomonas aeruginosa Infections. https://doi.org/10.1128/aac.46.1.1-11.2002
Microbes and Infection, 2022; 24 (4): 15.Upadhyay S, Sen MR, Bhattacharjee A.
104950. Presence of different beta-lactamase classes
https://doi.org/10.1016/j.micinf.2022.104950 among clinical isolates of Pseudomonas

5. Siegel RE. Emerging gram-negative aeruginosa expressing AmpC beta-lactamase
antibiotic resistance: daunting challenges, enzyme. The Journal of Infection in
declining sensitivities, and dire Developing Countries, 2010; 4 (04): 239-42.
consequences. Respiratory Care, 2008; 53 https://doi.org/10.3855/jidc.497
(4): 471-9. 16.PA W. Clinical and Laboratory Standards
https://pubmed.ncbi.nim.nih.gov/18364060/ Institute:  Performance standards for

6. Farrokhnazar E, Khaki P, Moradi Bidhendi antimicrobial susceptibility testing: 20th
S. Investigation of ampC &amp; esbl genes informational supplement. CLSI document
in Escherichia coli isolated from human and M100-S20. 2010. http://www.clsi.org
poultry. Journal of Microbial World, 2014; 7 17.Rafiee R, Eftekhar F, Tabatabaei SA,
(2): 138-47. [In Persian]. Minaee Tehrani D. Prevalence of Extended-

7. Bush K, Jacoby GA. Updated functional Spectrum and  Metallo  B-Lactamase
classification of beta-lactamases. Antimicrob Production in AmpC f-Lactamase Producing
Agents Chemother, 2010; 54 (3): 969-76. Pseudomonas aeruginosa Isolates From
https://doi.org/10.1128/aac.01009-09 Burns. Jundishapur J Microbiol. 2014 Sep;

8. Bonomo RA. B-Lactamases: A Focus on 7(9): €16436.
Current Challenges. Cold Spring Harb https://doi.org/10.5812/jjm.16436
Perspect Med, 2017; 7 (2). 18.Kaur J, Chopra S, Sheevani, Mahajan G.
10.1101/cshperspect.a025239 Modified Double Disc Synergy Test to

9. Bradford PA. Extended-spectrum beta- Detect ESBL Production in Urinary Isolates
lactamases in  the  21st  century: of Escherichia coli and Kilebsiella
characterization, epidemiology, and pneumoniae. J Clin Diagn Res, 2013; 7 (2):
detection of this important resistance threat. 229-33.

Clin Microbiol Rev, 2001; 14 (4): 933-51. https://doi.org/10.7860/JCDR/2013/.2734
https://doi.org/10.1128/cmr.14.4.933- 19. Mohamed MSE, Hassan AT, Ahmed SMK.
951.200 Prevalence of carbapenemases among
10.Bush K, Fisher JF. Epidemiological Klebsiella pneumoniae strains isolated from
expansion, structural studies, and clinical respiratory tract specimens. The Egyptian
challenges of new B-lactamases from gram- Journal of Medical Microbiology, 2016; 38
negative bacteria. Annu Rev Microbiol, (105): 1-8.
2011; 65: 455-78. https://platform.almanhal.com/Reader/Articl
https://doi.org/10.1146/annurev-micro- €/101831
090110-102911 20. Schill F, Abdulmawjood A, Klein G, Reich

11. Castanheira M, Simner PJ, Bradford PA. F. Prevalence and characterization of
Extended-spectrum B-lactamases: an update extended-spectrum B-lactamase (ESBL) and
on their characteristics, epidemiology and AmpC B-lactamase producing
detection. JAC-Antimicrobial Resistance, Enterobacteriaceae in fresh pork meat at
2021; 3 (3). processing level in Germany. International
https://doi.org/10.1093/jacamr/dlab092 journal of food microbiology, 2017; 257: 58-

12.Shah AA, Hasan F, Ahmed S, Hameed A. 66.

Characteristics, epidemiology and clinical https://doi.org/10.1016/j.ijfoodmicro.2017.0
importance of emerging strains of Gram- 6.010

negative  bacilli  producing  extended- 21.Sader HS, Carvalhaes CG, Shortridge D,
spectrum  B-lactamases.  Research in Castanheira M. Comparative activity of
Microbiology, 2004; 155 (6): 409-21. newer f-lactam/pB-lactamase inhibitor
https://doi.org/10.1016/j.resmic.2004.02.009 combinations against Pseudomonas

13. George A. Jacoby. AmpC beta-Lactamases. aeruginosa from patients hospitalized with

Clin Microbiol Rev 2009; 22 (1): 161-82.
https://doi.org/10.1128/cmr.00036-08

pneumonia in European medical centers in
2020. European Journal of Clinical
Microbiology & Infectious Diseases, 2022;

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.1128/aac.02067-2
https://doi.org/10.1016/j.micinf.2022.104950
https://pubmed.ncbi.nlm.nih.gov/18364060/
https://doi.org/10.1128/aac.01009-09
https://doi.org/10.1101%2Fcshperspect.a025239
https://doi.org/10.1128/cmr.14.4.933-951.2001
https://doi.org/10.1128/cmr.14.4.933-951.2001
https://doi.org/10.1146/annurev-micro-090110-102911
https://doi.org/10.1146/annurev-micro-090110-102911
https://doi.org/10.1093/jacamr/dlab092
https://doi.org/10.1016/j.resmic.2004.02.009
https://doi.org/10.1128/cmr.00036-08
https://doi.org/10.1128/aac.46.1.1-11.2002
https://doi.org/10.3855/jidc.497
https://www.linkedin.com/redir/redirect?url=http%3A%2F%2Fwww%2Eclsi%2Eorg&urlhash=Giey&trk=about_website
https://pubmed.ncbi.nlm.nih.gov/?term=Rafiee%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Eftekhar%20F%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tabatabaei%20SA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Minaee%20Tehrani%20D%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255381/
https://doi.org/10.5812/jjm.16436
https://doi.org/10.7860/JCDR/2013/.2734
https://platform.almanhal.com/Reader/Article/101831
https://platform.almanhal.com/Reader/Article/101831
https://doi.org/10.1016/j.ijfoodmicro.2017.06.010
https://doi.org/10.1016/j.ijfoodmicro.2017.06.010

VEF ) o)led s s dlo 60 Sn (ol

¥

22,

23.

24,

25.

26.

27.

28.

41 (2): 319-24.
https://doi.org/10.1007/s10096-021-04363-7
Heidari R, Farajzadeh  Sheikh A,
Hashemzadeh M,  Farshadzadeh  Z,
Salmanzadeh S, Saki M. Antibiotic
resistance, biofilm production ability and
genetic diversity of carbapenem-resistant
Pseudomonas aeruginosa strains isolated
from nosocomial infections in southwestern
Iran. Molecular Biology Reports, 2022; 49
(5): 3811-22.
https://doi.org/10.1007/s11033-022-07225-3
Azimi A, Peymani A, Kianoush Pour P.
Phenotypic and molecular detection of
metallo-B-lactamase-producing

Pseudomonas aeruginosa isolates from
patients with burns in Tehran, Iran. Rev Soc
Bras Med Trop, 2018 ;51(5):610-5.

https://doi.org/10.1590/0037-8682-0174-
2017

Motbainor H, Bereded F, Mulu W. Multi-
drug resistance of blood stream, urinary tract
and surgical site nosocomial infections of
Acinetobacter baumannii and Pseudomonas
aeruginosa among patients hospitalized at
Felegehiwot referral hospital, Northwest
Ethiopia: a cross-sectional study. BMC
infectious diseases, 2020; 30; 20 (1): 92.
https://doi.org/10.1186/512879-020-4811-8
Mekonnen H, Seid A, Molla Fenta G,
Gebrecherkos T. Antimicrobial resistance
profiles and associated factors  of
Acinetobacter and Pseudomonas aeruginosa
nosocomial infection among patients
admitted at  Dessie  comprehensive
specialized Hospital, North-East Ethiopia. A
cross-sectional study. Plos One, 2021; 16
(12): e0257272.
https://doi.org/10.1371/journal.pone.0257272
El-Mahdy R, El-Kannishy G. Virulence
factors of carbapenem-resistant
Pseudomonas  aeruginosa in  hospital-
acquired infections in Mansoura, Egypt.
Infection and drug resistance, 2019; 12:
3455. https://doi.org/10.2147/IDR.S222329
Rodulfo H, Arcia A, Hernandez A, Michelli
E, Martinez DdV, Guzman M, et al
Virulence factors and integrons are
associated with MDR and XDR phenotypes
in nosocomial strains of Pseudomonas
aeruginosa in a Venezuelan university
hospital. Revista do Instituto de Medicina
Tropical de S&o Paulo, 2019;61.
https://doi.org/10.1590/S1678-
9946201961020

Lila G, Mulligi G, Raka L, Kurti A, Bajrami
R, Azizi E. Molecular epidemiology of
Pseudomonas aeruginosa in  University

29.

30.

3L

32.

33.

34.

clinical center of Kosovo. Infection and drug
resistance, 2018; 11: 20309.
https://doi.org/10.2147/IDR.S174940

Rouhi S, Ramazanzadeh R. Prevalence of
blaOxacillinase-23and blaOxacillinase-
24/40-type Carbapenemases in
Pseudomonas aeruginosa Species Isolated
From Patients With Nosocomial and Non-
nosocomial Infections in the West of Iran.
Iranian Journal of Pathology, 2018; 13 (3):
348.
https://pubmed.ncbi.nlm.nih.gov/30636958/
Kresken M, Korber-lIrrgang B, Korte-
Berwanger M, Pfennigwerth N, Gatermann
SG, Seifert H, et al. Dissemination of
carbapenem-resistant Pseudomonas
aeruginosa isolates and their susceptibilities
to ceftolozane-tazobactam in Germany.
International journal of antimicrobial agents
2020; 55 (6): 105959.
https://doi.org/10.1016/j.ijantimicag.2020.10
5959

Hemmati H, Hasannejad-Bibalan M,
Khoshdoz S, Khoshdoz P, Yaghubi Kalurazi
T, Sedigh Ebrahim-Saraie H, et al. Two
years study of prevalence and antibiotic
resistance pattern of Gram-negative bacteria
isolated from surgical site infections in the
North of Iran. BMC research notes, 2020; 13
(1): 1-6. https://doi.org/10.1186/s13104-020-
05223-x

Hosu MC VS, Okuthe GE, Apalata T.
Detection of extended spectrum beta-
lactamase genes in Pseudomonas aeruginosa
isolated from patients in rural Eastern Cape
Province, South Africa. Scientific reports
2021; 11 2): 1-8.
https://doi.org/10.1038/s41598-021-86570-y
Ejikeugwu C, Nworie O, Saki M, Al-
Dahmoshi HOM, Al-Khafaji NSK, Ezeador
C, et al. Metallo-B-lactamase and AmpC
genes in Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa
isolates from abattoir and poultry origin in
Nigeria. BMC Microbiology, 2021; 21 (1):
124, https://doi.org/10.1186/s12866-021-
02179-1

Tahmasebi H, Alikhani MY, Dehbashi S,
Arabestani MR. Determination of Minimum
Inhibitory  Concentration of Different
Antibiotic Groups in Clinical Isolates of
Pseudomonas aeruginosa Containing p-
AmpC and Their Relationship with
Antibiotic Resistance Pattern. Avicenna
Journal of Clinical Medicine, 2018; 24 (4):
277-84.
http://dx.doi.org/10.21859/ajcm.24.4.277 [In

Persian].

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.1007/s10096-021-04363-7
https://doi.org/10.1007/s11033-022-07225-3
https://pubmed.ncbi.nlm.nih.gov/?term=Azimi+A&cauthor_id=30304266
https://pubmed.ncbi.nlm.nih.gov/?term=Peymani+A&cauthor_id=30304266
https://pubmed.ncbi.nlm.nih.gov/30304266/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Pour+PK&cauthor_id=30304266
https://pubmed.ncbi.nlm.nih.gov/30304266/#full-view-affiliation-1
https://doi.org/10.1590/0037-8682-0174-2017
https://doi.org/10.1590/0037-8682-0174-2017
https://doi.org/10.1186/s12879-020-4811-8
https://doi.org/10.1371/journal.pone.0257272
https://doi.org/10.2147/IDR.S222329
https://doi.org/10.1590/S1678-9946201961020
https://doi.org/10.1590/S1678-9946201961020
https://doi.org/10.2147/IDR.S174940
https://pubmed.ncbi.nlm.nih.gov/30636958/
https://doi.org/10.1016/j.ijantimicag.2020.105959
https://doi.org/10.1016/j.ijantimicag.2020.105959
https://doi.org/10.1186/s13104-020-05223-x
https://doi.org/10.1186/s13104-020-05223-x
https://doi.org/10.1038/s41598-021-86570-y
https://doi.org/10.1186/s12866-021-02179-1
https://doi.org/10.1186/s12866-021-02179-1
http://dx.doi.org/10.21859/ajcm.24.4.277

OLSn 5 L3 4,2 /e olignd gon 4 g 55 ($3LES Y AMPC 5 (ESBL) 03 28 (b (5L Yy Clad oy

35. Jamshidi Gohar M, Rahimi Fard N, Hosseini

Doust SR. The pattern of antibiotic
resistance  within  clinical isolates of
Pseudomonas aeruginosa and detection of
AmpC. Medical Sciences Journal, 2018; 28
(3): 212-9. http://tmuj.iautmu.ac.ir/article-1-
1443-en.html [In Persian].

36.Hong JS, Song W, Park H-M, Oh J-Y, Chae

J-C, Shin S, et al. Clonal spread of extended-
spectrum cephalosporin-resistant
Enterobacteriaceae  between  companion
animals and humans in South Korea.
Frontiers in microbiology, 2019; 10: 1371.
https://doi.org/10.3389/fmich.2019.01371

10.22108/bjm.2024.141472.1593



https://doi.org/10.22108/bjm.2024.141472.1593
https://doi.org/10.22108/bjm.2024.141472.1593
http://tmuj.iautmu.ac.ir/article-1-1443-en.html
http://tmuj.iautmu.ac.ir/article-1-1443-en.html
https://doi.org/10.3389/fmicb.2019.01371

