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Original Research Articles

A new Antibiotic Adjuvant Entity (Ceftriaxone + sulbactam + disodium edetate): a safer

alternative to carbapenems for ICU infection management

Abstract

Aims: Carbapenem resistant bacteria infections have limited treatment options and are associated
with high mortality. Here we present a retrospective analysis of treatment and outcome for ICU
patients suffering from moderate to severe UTl, LRTI and intra-abdominal infections (IAl) to
check the efficacy of novel Antibiotic Adjuvant Entity (AAE); Ceftriaxone + sulbactam + disodium
edetate, as an effective alternative for carbapenems in critically ill patients.

Material and Methods: A retrospective study was conducted to evaluate efficacy of AAE in 84
patients (showing sensitivity to AAE) with UTL, LRTI and IAI treated at IVY hospital, Mohali,
India between January 2013 to November 2014 . The antibiotic therapy was initiated empirically
and continued based on the results of the microbiological susceptibility testing and clinical
outcome.

Results: 64 (76.19 %), patients were diagnosed with single-organism infections, among which, 14
(16.16% ) bacteria were resistant to meropenem and all the bacteria were susceptible to AAE.
Empirical Meropenem treatment was given to 25 patients, out of which 18 (72 %) patients achieved
clinical success. 24 (75 %) patients out of 32 patients treated with AAE, achieved clinical success
and the remaining 8 patients were cured when colistin was given along with AAE. Among 20
multiple bacterial infection patients, 09 (45 %) patients cured with AAE, while the remaining 11
patients cured with AAE and colistin combination therapy.

Conclusion: AAE, displayed adequate efficacy in carbapenem resistant cases and equivalent
efficacy in other cabapenem susceptible cases and thus offers encouraging alternative to
carbapenem in treating critically ill patients.

Keywords: Ceftriaxone/sulbactam-EDTA, Intra-abdominal infections, Lower respiratory tract
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infections, Retrospective study, Urinary tract infections.

1. Introduction

Management of critically ill patients due to increasing antibiotic resistance is a major health-care
problem affecting morbidity and mortality in the intensive care unit [1]. Gram-negative bacteria are
predominantly responsible for severe diseases including those of abdomen (intra-abdominal), lower
respiratory tract (LRTI) and urinary tract (UTI) infections [2]. Beta-lactams are one of the most
frequently used classes of antimicrobials in hospital settings, crucial for the treatment of infections
caused by Gram-negative bacteria [3]. However on account of the increased resistance towards beta

z{lrwu\k-{’t ckefs + use commas

lactam antibiotics /mamly due to productlon o extended spectrum beta lactamases (ESBL}V
f(arbapenems have become the drug of choice to treat such severe infections [4]. Emergence of

novel beta-lactamases with direct carbapenem-hydrolyzing activity has contributed to an increased

prevalence of carbapenem resistant gram negative bacteria, especially Enterobacteriaceae (CRE).

CRE are particularly problematic given the frequency with which Enterobacteriaceae cause
infections [5], the high mortality associated with infections caused by CRE [6-8], and the potential
for widespread transmission of carbapenem resistance via mobile genetic elements [9,10]. Increase
in carbapenem usage has a direct relationship to increase in carbapenem resistant Gram negative
bacteria [11]. Antibacterial drug discovery and development have slowed considerably in recent
not S upeirscey
years\'’ The numbet of new a 1bacter1a1 medicines entering the clinic has been declining and, in
view of this fact, new compounds for multi-drug resistant Gram-negative bacteria will unlikely be
available for more than 10 years [12,13]. The problems associated with escalating resistance and
decreased development of antibiotics with novel mechanisms of action has required more research
a declinin wm(c/ Sowr

into existing antibiotics. Scarcity of newer antibiotics and/\gqaifrg antiblotic pipeline forces us to

look for an effective alternate empiric antibiotic therapy equivalent to carbapc nems, so-as-to-spare-

UnntCeSSar  Septen
Sag o0V Sistance due fo carbapenamse producmg pathogens.
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N anrd |
52 Recent effort to maximize antibiotic activ1t)5,t0/ overcome drug resistance has led to the search (o‘f( .Fo r
solytron suck A o .
53 an alternate as antibiotic adjuvants. Antibiotic adjuvants are moieties, non-

54 antibiotic in nature, which in combination with antibiotics, enhance the antimicrobial activity of the
55 latter [14]. Fixed dose combination of Ceftriaxone + sulbactam + adjuvant disodium edetate is one
56 such novel Antibiotic Adjuvant Entity (AAE) approved by the Drug Controller General of India
57 (DCGI) and increasingly used in Indian hospitals. Various reports of the in-vitro susceptibility
58 studies [14] hintf r{ig‘l possibility of this AAE to overcome the hurdles of both ESBL (sulbactam

59 effect) as well a(disodium edetate) producers clinically. If effective in-vivo clinical success

Wa
/H“./C( 60 is achieved by this AAE, then it can be a potent alternative to treat infections caused by carbapenem

frc'l i UVY(761 resistant gram negative bacteria. Thus the main goal of this study was to retrospectively analyze the
CONB < 62 clinical and microbiological efficacy of this AAE in patients with moderate to severe intra-

Ifso, ‘ o
((37\" e, 63 ebdeminalbLRTI and UTL infectiogs.

T ngd| v meaning
64 2. Materials and methods

65 2.1 Patients and antibiotic therapy
200—b ¢
66 Study was conducted at 200 beddgﬂertiary care IVY hospital Mohali. We retrospectively reviewed

67 the case reports of 108 patients suffering from different infections and who were treated at IVY

i ﬁl’é population was

68 hospital between January 2013 to November 2014 . .

69 categorized into three groups based on the diagnosis and source of infections i.e. intra-abdominal
T

70 infectlgn{fﬂinary tract infections (UTI) and lower respiratory tract infections (LRTI).

enm‘m-f( ThiS V) previon d]é'\c.‘nec( So
71 The patients were administerew either Meropenem (TID) or AAE @eﬁt—p&a*ene—tsulbl:am—t ¢

gl
Hat ee o
72 EDTFA)BID empirically. Meropenem was administered at the d(oie of 1000 mg thrice y and o
J(A(’/" 4 U“{’l"ﬁ "‘Cp e d
73 AAE was given at the dose of 1500-3000 mg twice g.day'deepening on the severity of infections.
74 1500 mg of AAE contains 1000 mg of ceftriaxone, 500 mg of Salbactam and 37 mg of EDTA and
75 3000 mg of AAE contains 2000 mg of ceftriaxone, 1000 mg of Salbactam and 74 mg of EDTA.

76 Among these, 84 clinically cured patients/ having culture positive infections and showing

bliminete

3 Copawmss
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pemq7h\‘ )
77 sensitivity towards AAE were considered in the study, while the rest 24
loutrzse Nange

78 resistance to meropenem or AAE, 12 MPatients which were shifted to opfier antibiotics on discretion

patients which were

79 of investigator before sensitivity results and 4 patients, who expir

. < d
PQU- e&)er\/{’f\« a (N F'VEA‘/'K(FZI‘
ofher o colon F o (iminate
81 Case records were analyzed for parameters-like age, seX, APACHE Il score, co-morbadities, W
NN A P arentnesy”
cwedim crolial .
82 duration of treatment, total leukocyte count, neutrophil count, liver function tests, renal function

A

83 test, culture sensitivity, serum electrolytes, radiological imaging, reason for the change of

during the course of treatment)

80 patients were excluded from the studyp

84 antibiotics, dose, duration and route of administration of AAE or Meropenem and final
85 microbiological and clinical outcome.
L Wit - . .
86 The antibiotic therapy 9( AAE or meropenem was initially started empu‘;{cally based on the clinical
wodif

87 presentation and treating physician's decision and was continued or shifted based on the in-vitro

88 microbiological susceptibility tests and clinical outcome. The antibiotic doses used in the therapy

$brm przﬂen/g +on~
89 were, 1 g/ 8 hrs)\ and 1.5 gor 3.0 g/ 12 hours formeropenenramd AAE'respceti-velgc For colistin

90 therapy, a loading dose of 9 MIU followed by BD doses of 4.5 MIU were used.
BID 77
91 On retrospective evaluation, patients were divided into two main groups. i.e. Group A-Single

92  bacterial infection [64 (76.2 %) patients] and Group B-multiple bacterial infections [20 (23.8 %)
93 patlents]..Ou.t_o? 64 patients in group A, 14 (21.9%) patients (Group G-1) with infection caused by

Th +he

94 meropenem resistant and AAE susceptible bacteria, AAE was administered empirically. }/ 50

95 (78.1%) patients (Group G-2) with meropenem and AAE susceptible bacterial infections,

L AAE poas G ve n.FoAhe remaln,,
96 meropenem was administered to 50% cases (group G2A) and te-remaining 50% (group G2B)‘ﬁnkE‘ 9

» e fhingday . .
97 was-administered, On day-8% of treatment,' along with bacteriological evaluations, the progress of

98 the therapy (measured in terms of the improvement in the symptoms) was also recorded and the

on the
99 patients showing improvement with respective empiric therapies were continued with—the same

t
100 antibiotic. Patients w.t:.h failed to respond to meropenem clinically (shewingotmprovement:

v Meropenem
101  despite microbial sensitivity, were switched to AAE therapy while patients who failed to respond to

N
6((\:/\'\( wale ('amM
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Sputum, BAL, ET secretions, urine, ﬁlood, /P'us or peritonial fluids from the patients were-tested for /
' eulure;

_the diagnosisef causative pathogens . Clinical response of<he therapy evaluated at the end of the

treatment was recorded and classified as cured (complete remission of local and systemic signs and
symptoms), improved (improvement of local and systemic signs and symptoms but without

complete resolution) or failure (no improvement or deterioration of signs and symptoms).

3. Results
3.1 Patients and demographic characteristics

. of fhe . . .
84 clinically cured cases .among.108 patients treated in the study period atJlV-¥—hespital-were

Wil pacten £nsi v
diagnosed with +he-bacterial culture-positive infections MMM AAE. The

demographic and baseline characteristics of these 84 patients whose-data-were-analyses-in-this-study—

(%%
are given in Table 1. All the patients werb—haiﬂg moderate to severe infections with mean

APACHE II score of 17.84 + 2.16)-aad"26 (30.95 %) out of 84 patients wepé—lfaﬁéag bacteremia’a.t/‘
baseh-ae.\:hgocﬂg these 84 patients, 62 (73.8%) were from ICU population and 22 (26.2%) were
from ward populations. Out of 84 evaluable patients, 52 patients were identified with co-
morbidities, ;.ggs‘ag% hypertension was—ebserved—in—highest—aumber—of—cases- (26.1 %),
diabetes (19.0 %), Fhronic obstructive pulmonary disease (11.9 %) and-east-observed—

co-disease was. coronary artery disease (CAD) / ischemic heart disease (IHD) (4.7 %) (Table 1) .

LRTI1 was the-mest predominant infection diagnosed cent-rrbtrhﬂg-a—shﬁ-re—elieo 47 %)am.mg_a.].L
patiepis—LRF—was followed by intra- abdon( nalf{md urlnary tract infe tlons/\lﬂu_munbunug

equally (2976 %) to._the total diagnosed pool of-infeetions (Table 1). Details of the cultures

O
specimens. collected frem-thepatients during the study were given in Table 2. 64 aases—ateng-84

4 iMonomicro biaf while
patients were diagnosed with singlte=stransbacterial 1nfectio?@/ where—asrest 20 were diagnosed

pelymicrobial N "/‘-(O‘L ™ oNng s rbh'él o
with mu-lt—;-p-le—baeteﬂa-l.mfectlons -Amo.n.g_tha 4 single bacteria] infections /44-(68:75-%)~infections

were caused due:(e-pathogens be-}eagmg..te-gmerobacteriaceae family, with E coli accounting for

6818 %30y and Klebsiella sp. for -3181-S54—4) withimtiis—family. The remaining 20 (5
30(C8UF D)oy 1t (305190 ) cares © Fikbeqfu,
6 L3
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A

AAE mono-therapy were shifieq to”AAE and colistin ation . M«Ju_.basi-en@
y n Polymicro lLW(

infections caused by pathogens showing-semsitivity to AAE and meropenem (Group G3) empirical
Sengidive

treatment was continued and those showing intermediate susceptibility towards AAE and

meropenem (Group G4), were treated with colistin along with the empiric AAE once the

susceptibility report was received .

2.2 In-vitro microbial antibiotic susceptibility testing

Antimicrobial susceptibility testing of the pathogens isolated from the patients was done by Kirby—
Bauer disk diffusion method as recommended by the Clinical Laboratory Standards Institute.['*!
meropenem disk (10 pg), piperacillin+tazobactam disk (100/10 pg), Amoxycillin+Clavulinic acid

(20/10 pg), cefoperazone+sulbactam (75/30 pg) and ceftriaxone+sulbcatam+EDTA disk (55 pg)
Thes
IS
standards turbidity was prepared in a Mueller-Hinton broth from isolated colony of pathogens excelleyd -
T
ec)(: bor

inoculum suspension. The swab was rotated several times and pressed firmly against the inside wall ne € A 51

were procured from Himedia (Mumbai, India) and used in the study. Inoculum of 0.5 McFarland
selected from 18-24 hour agar plates. Within 15 minutes, a sterile cotton swab was dipped into the

of the tube above the fluid level and inoculated on the dried surface of a Mueller-Hinton agar +0 S

(?m!/)\ia\’ﬁ ow

(MHA) plate by streaking the swab over it. For even distribution of inoculum, the swab was

S pact
streaked two more times at 60° C over the agar surface. After 3—5 minutes, antibiotic discs were T+ ( OWW
applied and pressed down to ensure complete contact with agar surface. The discs were distributed Y)e A

ré Ance

evenly to ensure a minimum distance of 24 mm from center to center. The plates are then inverted
and incubated for 16-18 hrs aerobically at 37° C within 15 minutes of disc application. Sensitivity
of isolated organisms against antibiotics were reported as sensitive (S), Intermediate (I) or resistant

(R) based on the breakpoints.

2.3 Clinical analysis of patients

Clinical signs and symptoms associated with infection @ike-abdeminal-infeetions; ERTHor UThH

were pe=evaluated initially after 3 days of empirical antibiotic therapy and also at the end of therapy.
2va lf\d ate 4 |
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Acinetobacter sp. + 15 Pseudomonas sp.) isolates were of non-Enterobacteriaceae family whieh—
caused infections in 3125 % patients. Different combinations of either £ coli, Klebsiella sp.,
Acinetobacter sp., Pseudomonas sp and Neisseria gonorrhoeae were identified in mixed bacterial

infections.

3.2 In-vitro microbial antibiotic susceptibility testing

The results of the [n-vitro microbial antibiotic susceptibility testing carried out for isolated

are shown in 2ble é o
pathogens a sceptibility—patterns—yielding—four-

groups as follows (Table 3)—

classified b
Table 3: Isolated pathogen groups, .separated - susceptibility pattern towards
meropenem and AAE T}u\gg nla/ﬂ I’l{{e/f VL'D é €

§/\M,9//\0[7‘€[/ v Mmafk € mar £ A% A
sindle bacterial infection (n=64, 76.2%) ~E€e( 4 / € .

Group-1 (G1) Patien"ts \;vith Meropenem Resistant and AAE suscei)tible single bacterial_

infection and in whom AAE was used empirically (n=14, 21.87 %)

Group-2 (G2)  Patients with Meropenem and AAE susceptible single bacterial infection

(n=50, 78.13 %)

Group-2A (G2A)

Patients with Meropenem and AAE susceptible single bacterial infection

and in whom Meropenem used empirically (n=25 , 39.06%)

Group-2B (G2B)

Patients with Meropenem and AAE susceptible single bacterial infection

and in whom AAE used empirically (n=25 , 39.06%)
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176

177

178

179

180

Multiple bacterial infection (n=20, 23.8%)

Group-3 (G3)  Patients with Meropenem and AAE susceptible multiple bacterial

infection and in whom AAE was used empirically (n=12, 60.0%)

Group-4 (G4)  Patients with Meropenem and AAE intermediate multiple bacterial

infection and in whom AAE was used empirically (n=8, 40.0%)

G1 - Single pathogen susceptible to AAE and resistant to meropenem, G2 — single bacteria
Susceptible to both AAE and meropenem G3 — multiple Pathogens showing sensitivity to both
AAE and meropenem and G4 — multiple Pathogens showing intermediate resistance to both AAE
and meropenem (Figure 1). Out of 64 bacteria isolated from patients with single strain bacterial
infections, 50 (78.13 %) showed susceptibility towards carbapenem and the remaining 14 (21.87 %)
were resistant to it. Where as all the 64 (100 %) isolates showed showed susceptibility towards
AAE. However all the tested pathogens showed low non significant (< 10 %) susceptibilities
towards the other tested antibiotics. The susceptibility test carried out for bacterial samples isolated
from patients with multi bacterial infections, 12 samples showed sensitivity towards AAE and
meropenem, where as the remaining 08 (40%) samples showed intermediate susceptibility towards
both cabapenem and AAE. From Enterobacteriaceae family E. coli, and K. pneumoniae were
isolated while Neisseria gonorrhoea, S. Pneumoniae, Acinetobacter sp. and P. aeruginosa were
also amongst the most common non-enterobacterial pathogens isolated. The overall susceptibility
of all the isolated pathogens were 83.01 % and 69.81 % for AAE and meropenem respectively

(Table 4).

3.3 Efficacy of antibiotic therapy
14 patients with carbapenem-resistant and AAE-susceptible bacterial infections were treated with
AAE. Bacteriological eradication with successful clinical response was observed in 12 patients.

#md-for 2 Patients, whieh failed to respond to AAE clinically (shewirg-ro-improvement-elinieally),

8
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181 were switched to AAE and colistin combination therapy. The mean treatment duration-amgng these

wWho were
182 12 patients,cured with AAE-thesapy. wasd6.91 days + 1.08 (SD)¥ (Table 5). 25 -patients-out of SO parti erts
Wi _omgani(n . ol ‘
183 rearbapenem and AAE susceptible were treated with meropenem.-Ameng these patients, 18

184 patients showed }1{ clinical improvement (measured in terms of disease symptoms) after initial 3
185 days of treatment and were continued \g&'ih\st-he carbapenem therapy. For the remaining 7 patients,
186 W wq;s S th(;\(AE.-.A-lgefkg these, 4 patients showed clinical cure. The mean treatment
187  duration for these 4 cured patients with AAE therapy wasi5.75 days £ 0.5 (SD);. For the remaining
188 3 patients, ﬂ.\e clinical success was achieved after the administration of colistin with AAE (Table 6).
189 Among 25 Similar patients (having infections with carbapenem and AAE susceptible bacterial
190 cultures) but treated with AAE, 20 patients showed satisfactory clinical cure. The mean treatment
191  duration for these 20 cured patients waséS.S days = 1.36 (SD)i. yd/}:h 5,\ g‘teients who did not show
192 clinical improvement after initial 3 days of AAE therapy, colistin was added K treatment regime/lp

tn
193 The administration of colistin resulted clinical cure of all the patients (Table 7). f 20 patients

AN A R
of M(cwb'ia( lhceoﬁun 7N J(k
194  with r&uﬂpléba%ia-l—i-afecﬁens, 12 patientsk&vi-nkinfection-v(»d-tt’AAE and meropenem sensitive

6 ©
195 strains, were continued w&t—b—t-be—eagemg empirical AAE treatment. lﬂ)fg these 12 patients, %y f\l‘ n7
Tt cdded o

196 -patients were cured Qand-ﬁefjfemaining )13 patients, colistin was gi.\cen—.abag‘wiﬁ}-\‘the ongoing AAE
197 therapy. The mean treatment duration for these #9 patients cured with AAE was (9.88 days + 1.69
198 (SD)) (Table 8). However, ﬂS patients with cultures showing intermediate resistance towards both
199 AAE and carbapenem, clinical success was achieved witLZ;Qdition of colistin to ongoing AAE

Fegd men
200 treatment r-egimfter }3‘3 days of treatment. The mean treatment duration for the AAE and colistin
N

-re/ta“’e j

201 therapy was (9.87 days + 2.64 (SD)) (Table 9).

e “the rep{
202 None.ameng the 84 patients had any serious side effeciCrelated—tedrag. Nothingsigaificant was
A a
NnnecerSa
203 observe erapy when”the Tiver funcken test, renal runction test and serum
<
204 electrolytes were_evaluated keeping in view-ofdisease pathology and comparison with baseline —

inlab papameters
205 values. No untoward _changes (iausmd_h%&e_dmg_\%ag_%bserved in—any lah_parameters. All the

A .
9 /ﬁ%ﬂ\\/

No urdsward M\ﬁf‘atOT—\r&(k‘f‘La( C/Mff Cn l&\&) (94"44’\/\0/‘&}7
werld Ql)rfrvéff’
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206 patients had a good clinical response and were stable and discharged.

207 4. Discussion

208

209 .abdeminal-infeetions-and-treated-withcarbapenemror/and AAE- Carbapenems are_a-casso# broad-
210 spectrum antibiotics which possess stability against hydrolysis by ESBL and 4mpC chromosomal
211 B-lactamase enzymes and are often reserved to treat the most serious infections [16-18]. ‘Phus,’[7€
212 carbapenems have been effectively used to treat serious infections caused by ESBL producing

213

. . . . . . TR T . . P . .
214 trssue; bene—and Joint lmcer‘hnnc’ gastroitestimar—tireettons; —septicena, — TToTTe fReutropetiar—,
S?Zr\

N\ nhecepsqan A
215 nesecemial—pneumonia, —cystie—assoeiated-respiratory infections and urinary tract;(i.ufecuens\ “nef

216 ~19-263—However in past few years, carbapenem resistance among gram negative bacteria has
p y p g g

including Tndis ' _

217 been reported increasingly throughout the world and-tadia{21-26]. This carbapenem resistance is
PHMJ\H, production o £

218 attributed to the abili he bacteria to produ BL enzymes (carbapenamases). In

219 India, the prevalence of MBLs range from 8% to 79% [27-30]J:lnwe¥eﬁfﬁ the absence of
b
220 carbapenem hydrolyzing MBLs, carbapenem resistance is ~asualy multi-factorial. Increased
221  production of AmpC chromosome-encoded cephalosporinase, reduced outer membrane porin OprD
222  expression, over expression of efflux pumps and associated factors are known to contribute to
223  carbapenem resistance [31-33].
the

224  In view of this increased resistance towards carbapenems, many researchers frorrll\ Indian sub-
225 continent have recommended the use of beta lactamase and beta lactamase inhibitor combinations

L
226 (BL + BLI) in place of carbapenems [27,34] However,.lh%&ea&me%& with BL + BLI

Mo ot effectivefy ereadiCat?
227 combinations de—nnfﬁrl-l-y—seh%—&he-p:l;lem—(e—lé&both ESBL and MBL producers. Hence we

228 have used an  adjuvant  antimicrobial FDC, a novel combination  of
229  Ceftriaxone+sulbactam+disodium edetate to treat the patients with infections caused by

230 carbapenem resistant bacteria.

10
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231  In-vitro microbial antibiotic susceptibility testing of the bacteria isolated from the 84 patients
232 yielded 4 grourfof bacteria; G1 - with carbapenem resistant and AAE susceptible, G2 - both
233 carbapenem and AAE susceptible G3 — multiple /Pathogens showing susceptibility to both

234 meropenem and AAE and G4 — multiple /H(athogens showing intermediate sensitivity to AAE and
[ od (Y qronf/CA
235 meropenem. D.u.r_aﬁ.l.A..pa-t-ienxs,_Ll(Xil_AWatlents from group-Glwhieh-were treated with AAE

: - estehlishes corveadyon @€
236  achieved clinical success. This ad&eea-tes—the—eeﬂs;seenerm in-vitro and in-vivo results for the AAE

237 treatment and justifies the selection of AAE to treat infections caused by carbapenem resistant

oL Group GHA Iec :V"r\é _
238  bacteria. #mong the Zipatients m—greqr@%ﬁ,\co—vgaem arbapenem treatment was-gives, 18 (72

E( 1 v {/L\ f f ’{ C
239 %) eases-have achieved success. This-h his ‘ML{C cantly h w € :

240

241 ?\r\e%ults of the present studysare in accordance with the previous study by Chytra et al., who
o / o Wing thera
242  reported similar clinical cure rates (74.3%) of critically ill patients by Carbapenem (meropenem)A /7
€5
243 [1]. illhi»s—merc%sed- clinical failure rates may be attributed to the rise of carbapenem resistant
reSul f
244  bacteria, rem-l-t:‘d‘j from various resistance mechanismg a‘izzg. with carbapenamased (MBL)
A
245 production. One such resistance mechanism is over-expression of efflux pumps lik€ like MexAB-
246  OprM efflux system in Pseudomonas sp. (specific to meropenem resistance) [35], AcrB efflux
247 pumps in E coli [36], AcrAB efflux pumps in Klebsiella sp.[37] and AdeABC type efflux pumps
O
248  identified in Acinetobacter sp.[38] Hewe'%amg‘cng the remaining 7 patients from group two, 4
SE il
249  patients (57.14 %)-<ave achieved clinical success with AAE treatmen;aa?weécfmghe superiority
Wit 200$
250 of AAE over carbapenem. Similar trends were observed in group G2B 25 patients treated with
251 AAE, with 80 % (20) patients~achieving clinical success. The superior efficacy of AAE over
252 meropenem may be attributed to the different ways thfeugh which AAE target various resistance
The clud¢
253 mechanism§in bacteria. The varous mechanlsms inhibition of conjugal spreading of
A

254  resistant gene from one bacteria to another. AAE does this by chelating Mg®* ions required for the

255 activity of relaxases and thereby inhibiting conjugation process [39]. It has also been reported that

11
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256 the AAE down-regulates the expression of MexAB-OprM and AcrAB-tolC efflux pumps [40].

257 Sulbactam prevents inactivation of beta-lactam antibiotics by binding to the beta- lactamases. $he.,
EDTA the Ad fubgpA- (8 AEE

258 helates the divalent i 1ons ( Zn®) required the activity of MBLs and thus

259  deactivatefthe MBLs activity which in turn increasegactivity of B-lactam towards microorganisms

260 [41]. Further, AAE is believed to disorganize the EPS and make the cell wall more porous, thus

261 enhancing its entry into the bacterial cells . It has also been found to inhibit curli formation and

262 bacterial adhesion [42]. The remaining patients were successfully treated when colistin was

the fhhents who Earled A
administered with AAEPm w WH/‘\ fhets o Qod <f EE

263 new therapeutlc option in /{cse_faxlure_casas. /n 20 Ape pgud
264 patients from the group G3 and group G4 @nula—baeferm%mfccmmrh—strams-ﬁmwmg—eﬂhes
265 elinical success was achieved with in #9

¢
266 (45 %) patients with AAE treatment, ané fin g:\nammg 11 patients, AAE and colistin therapy was
r\ezmr-e(,( provdesus Wi

267 to achieve the clinical success. This antibiotic combination therapy.apens—uﬁan efficient
Sincte_d/rig— polymitroh
268 option to treat the resistant mmlti-bastesial infections. The efficacy of this combination

269 might be due to the proven effect of AAE as an efflux pump inhibitor [40] which may be helping

Al

]
270 colistin<4e-reach the site of action.
271 5. Conclusion

272  In conclusion, the present retrospective study generated a representative status of the carbapenem

273  susceptibility among gram negative pathogens isolated from LRTI, UTI and intra-abdominal

274 infections and its representative efficacy—nonitered—in-terms.of clinical cure rates. The—rrmp7f

Results of e prere stundy sugqen— i
275 rise of the carba enem reswtancsme-rdenccs dse-of
VL L & ke ine .(fﬂmp o

o rowv .
276 false—snscvptrb&rﬁy—ﬁeﬁﬂﬁ—g\—fhre&rbweﬂems rse-in the carbapenem clinical failure rates in

-"f\ \'\Cfeé'\jc Provi r\hj us i
277 severe 1nfect10ns and efﬁcacy of AAE meropenem thus—AAE—ks—a/\carbapenem
ot W
278  alternative r1n 0 t‘e’lklﬁ f ate and severe infections caused by resistant gram negative

279  bacteria. This study also sheds light onan-alternative epties to AE ealeng-with colistin to

280 successfully treat )b€ patients with infections caused by bacterie- with intermediate resistance to
organism s

Pﬂ'?\hallf us w:%qmﬁz\e of
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AAE and carbapenems. IbIoTic with optimiai ticrobi

penetrati i i fon can help in preventing antimicrobial Tesistance by sparimg~

carbapenems. During the last two years lﬁa@ AAE has been used as a carbapenem-sparing drug at our

centre. (’DI('E house susceptibility patternSof pathogens mw/’a?:ds-the carbapenems has significantly

¢ resultbecause o ¢
1mpr0%d dlﬁ o(les&exposure of carbapenem tcxmgt/l\ogens This is guite-an encouraging ugx;and—rs— ¢ //
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C_lghlguecummmda.b.]a_to use AAE as a carbapenem sparing drug, te-keep-hold-an the growing rate
H We heco ramend
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Consent
Due to the retrospective study design, informed consent was not deemed necessary.
Ethical Approval

Not applicable
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