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ABSTRACT

Gram-negative pathogens are considered the common cause of wound infections associated with
increased mortality and morbidity rates. Antibiotics combination has been used to overcome this problem. In this study, we
identify Gram-negative pathogens found in wound infections and assess the in-vitro efficacy of a combination of amikacin
and imipenem against the resistant isolated pathogens.

One hundered fifty gram-negative bacteria were collected from two hundered patients suffering
from different wound infections. Patients attended Minia University Hospitals,Egypt at period from January 2019- January
2020 and they were followed up periodically as a routine work in the hospitals. Swabs streaked on various media as Nutrient
agar, MacConkey agar, Eosin methylene blue agar and cetrimide agar. The antimicrobial susceptibility of the identified
pathogens was tested using the Kirby-Bauer method. Conventional PCR was used to detect the prevalence of bla-jr and AAC
(6’)-Ib genes. The effect of the tested combination was assessed by checkerboard technique and time-killing assay.

m Escherichia coli 38.6% was the most common isolated pathogen, followed by Proteus spp 30%, P. aeruginosa 21.4%,
Klebsiella spp. 5.7%, and Acinetobacter baumannii 4.3%. The isolates were completely resistant to Ampicillin/sulbactam,
Amoxicillin/clavulanic, Cephalothin, Cefadroxil, Ciprofloxacin, Ceftazidime and Ofloxacin. Bla-p was detected in all Klebsiella
spp., E. coli (85.2%), A. baumannii (66.7%), Proteus spp. (38.1%) and P. aeruginosa (33.35%). aac(6’)-Ib was detected among
E. coli, P. aeruginosa and Proteus spp. The Checkerboard test showed a significant decrease in bacterial count in the presence
of combination indicating a synergistic effect with FICIs <0.5. Time-kill assay showed a significant decrease in the bacterial
count after 12h.

The studied combinations of antibiotics showed synergistic effects against the tested Gram-negative bacteria
which can help in the control and treatment of serious wound infections.
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1. Introduction

Skin is considered the most significant barrier may be defined as any injury, damage, or break in the
against any pathogens (1). If any pathogen transfers skin surface (1). It may arise accidentally from a
through this barrier, infections will occur (1). Wounds surgical incision or induced due to trauma or due to
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disease as in diabetic foot (2). The induced trauma
includes hospital-acquired wound infection estab-
lished surgically or due to the use of intravenous
medical devices (3). Hospital-acquired wound
infections are considered the leading cause of
nosocomial infections, prolonging hospital stays and
increasing healthcare costs (3).

Most wound infections are classified into two
categories including skin and soft tissue infections
(4). Erythrasma, cellulitis, folliculitis, erysipelas, and
impetigo are the most common skin infections (5).
Dermatomycoses are skin infections caused by fungi
and vyeast (5). Candida albicans, Microsporum,
Epidermophyton, Trichophyton, and Malassezia
species are the most common fungal organisms (6).

The Pathogens obtained from surgical wound
infections vary depending on the surgery performed
(7). Escherichia coli, Pseudomonas aeruginosa,
Proteus  mirabilis,  Enterococci  Staphylococcus
aureus/MRSA Streptococcus pyogenes, and
Corynebacterium spp are the most common
organisms found in wound infections (8).
Staphylococcus aureus is the most dominant source
of infection present during clean surgical procedures
(9). Bacterial colonization may hinder wound healing
if the bacterial load is greater than 10° organisms/g
of tissue. Also, the type of bacteria seemed to inhibit
wound healing and immune response (10). Culture is
performed after a diagnosis of wound infection in
order to recognize the pathogenic organisms and to
choose the proper antibiotic therapy (8). Systemic
antibiotics are preferred more than topical antibiotics
in case of infected or colonized wounds (11).
Nowadays, the emergence of resistance increases the
need to use antimicrobial combinations to overcome
this problem (11).

This study aims to identify the most predominant
Gram-negative pathogens in wound infections, their
resistance profiles to the most used medications in
the Egyptian market, and assess drug combination
between B-lactams (imipenem)/aminoglycosides
(amikacin) in the treatment of severe wound
infections.

2. Materials and Methods

Bacterial Isolates

Table 1. The primers sequences include (16, 17)

One hundered fifty isolates of gram negative
bacteria were found in 200 clinical samples collected
from different patients suffering from wound
infections (wound exudates, abscess exudates, and
burn exudates). Patients were attending Minia
University Hospital, Egypt from (January 2019-
January 2020). Samples were streaked on nutrient
agar, blood agar, MacConkey agar, and cetrimide
agar. All inoculated cultures were grown at 37°C for
24 hr. Growth was examined both microscopically
and biochemically (12).

Antimicrobial Sensitivity Test

The antimicrobial sensitivity test was conducted
using Kirby, Bauer (13) disc diffusion method using
different antimicrobial agents commonly used in the
Egyptian market based on CLSI (2018). Antimicrobial
agents used were gentamycin (10ug), Cefepime (30
pg), ceftazidime (30ug), meropenem (10ug),
aztreonam (30pg), imipenem (10ug), amikacin
(30ug), ofloxacin  (10ug), ciprofloxacin  (5ug),
tobramycin (10ug), piperacillin (100ug), norfloxacin
(10pg), levofloxacin (5ug), and
piperacillin/tazobactam  (10ug). The identified
resistant isolates were tested by agar dilution
method to investigate minimum inhibitory
concentrations (MICs) for amikacin and imipenem
according to recommendations and interpretative
criteria for the Clinical and Laboratory Standards
Institute (14). For better comparison, the MICs for
50% of isolates (MICso) and 90% of isolates (MICso)
were determined.

Distribution of bla-me and aac (6’)-lb among the
Tested Isolates

DNA was isolated from a culture that had been left
overnight by the method described by Wilson, 1989
(15). The amplification was conducted with 25uL PCR
reaction mixture containing (12.5uL Master mix,
(200-400ng) DNA sample, Nuclease free water to 25
pL, 1 pL (20 pmol ), for each forward and reverse
primers). PCR cycling conditions are indicated in
Table 1. The amplified product was analyzed after
electrophoresis on a 2% agarose gel in TBE solution,
stained with ethidium bromide and visualized using a
UV transilluminator. The product of bla-me (488bp)
and the product of aac (6’)-Ib (365bp) was assessed
by using a 1000-bp DNA ladder.

Primer sequence (5'-3')

Annealing temperature

F:CATGGTTTGGTGGTTCTTGT
blaiIMP 59
R:ATAATTTGGCGGACTTTGGC
F:AGTACTTGCCAAGCG AGCGC
Aac(6’)-1b 51

R:CATGTACACGGCTGGACCAT
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Checkerboard Synergy Test

The synergistic action of the tested antibiotics
combinations was determined by the checkerboard
synergy test depending on  micro-dilution
susceptibility testing of imipenem and amikacin each
alone and in combination. Each drug was evaluated
at dilutions ranging from 0.03 to 64 pg/mL. The
inoculum which obtained from colonies grown on
MHA overnight. The effect of the studied
combinations on microbial growth was measured
using fractional inhibitory concentration (FIC).

The formula for calculating FIC index (FICI):

FIC= FIC of drug A+FIC of drug B; FIC of drug A= MIC
of drug A in combination with drug B / MIC of drug A
only; FIC of drug B= MIC of drug B in combination
with drug A / MIC of drug B only. Synergism
determined as FIC index of <0.5; Antagonism
represented when FIC index of >4 and, FIC index 0.5 <
FICI < 4 known as indifference (18).

Time-killing Assay

The in-vitro bactericidal assessment of amikacin
and imipenem detected by Time—Kkill curves. With a

starting inoculum of 1.5x10%, the test was conducted
using concentrations of 0.5xMIC, 1xMIC, 2xMIC, and
4xMIC for each antibiotic alone and in combination.
Tubes incubated at 37°C. Aliquots were obtained at
0, 2,4, 8,12, and 24 h, serially diluted by plating 10-
fold dilutions on Muller-Hinton agar (BD Diagnostics,
Franklin Lakes, NJ). The number of colonies was
counted after 24h incubation at 37°C (19).
Bacteriostatic activities represented as = 2 logio, but
< 3 logiwo reductions, and bactericidal activities
indicates > 3 logio reductions in CFU/mL at 24 hours
relative to the starting inoculum, where synergy
seemed as a 2 logio reduction in CFU/mL when using
the drug combination, relative to the most active
drug. Each experiment was repeated three times (20)

3. Results

Seventy Gram-negative isolates were detected in
wound infections. E. coli was the most prevalent species
(27 isolates, 38.6%), followed by Proteus spp (30%), P.
aeruginosa (21.4%), Klebsiella spp. (5.7%) and A.
baumannii (4.3%) (Table, 2).

Table 2. Prevalence of gram-negative pathogens among wound infections

Total
number of E. coli
isolates

Source of
infections

P. aeruginosa

Proteus , Acinetobacter
Klebsiella spp. ..
spp. baumannii

Wounds 70 27 (38.6%)

15 (21.4%)

21 (30%) 4 (5.7%) 3 (4.3%)

The antibiotic resistance pattern among the
isolated microorganisms (Figure 1) showed that
Ampicillin/sulbactam was completely inactive against
P. aeruginosa, Proteus spp., Klebsiella spp and A.
baumannii. Amoxicillin/clavulanic was completely
resistant against E. coli, A. baumannii and Klebsiella
spp. Cephalothin was viewed as 100% resistant
against P. aeruginosa and A. baumannii. Cefadroxil
was completely resistant to Klebsiella spp and A.
baumannii. Also, Ciprofloxacin had 100% resistant to
A. baumannii. Ceftazidime and Ofloxacin were
completely resistant to Klebsiella spp.

Year 17, Issue 2 (March — April 2023)

Determination of MIC, MICe and MICso of
Amikacin and Imipenem

E. coli was highly resistant to imipenem and
amikacin (81.5% and 55.6%, respectively). While A.
baumannii showed no resistance to amikacin. On the
other hand, P. aeruginosa, proteus spp. and Klebsiella
spp. showed low resistance for both imipenem and
amikacin as shown in Tables 3 & 4. MICso and MICsp
were used for better comparison.
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Ofloxacin
Levofloxacin
Nitrofurantoin
Tobramycin
Ampicillin/sulbacta m
Piperacillin
Nalidixic acid
Ciprofloxacin
Doxycycline
Meropenem
Ceftazidime
Gentamycin
Ceftriaxone
Streptomycin
Cefpodoxime

Antibiotics

0 50 100 150 200 250 300

% of resistant

B Acinetobacter baumannii Klebsiella spp. Proteus M P. aeruginosa B E. coli

Figure 1. Antibiotics resistance pattern of the tested microorganisms

Table 3. MIC, MICyp and MICso of amikacin against the tested isolates

Micro-organisms

E. coli
P. aeruginosa
Proteus spp.
Klebsiella spp.

Acinetobacter baumannii

Total no. of MICop MICso Bk L
isolates (ng/ml) (ug/ml) Resistant
isolates
27 512 32 22 81.5
15 G 64 5 333
21 256 32 7 33.3
4 64 64 2 50
> 32 32 1 33.3

* Percent correlated to the number of resistant isolates\

Table 4. MIC, MICgp and MICsp of imipenem against the tested isolates

Micro-organisms

E. coli
P. aeruginosa
Proteus spp.
Klebsiella spp.

Acinetobacter baumannii

Total no. of MICgo MICso Bk L
isolates (ng/ml) ) Resistant
isolates
27 512 32 22 81.5
> G 64 5 33.3
21 256 32 7 33.3
4 64 64 2 ™
3 32 32 1 33.3

* Percent was correlated to the num

ber of resistant isolates

Distribution of blae and aac(6’)-lb Genotype Proteus spp. (38.1%) and P. aeruginosa (33.35%).

Among Isolates

bla-mp was found in Klebsiella spp. (100%),
followed by E. coli (85.2%), A. baumannii (66.7%),

Year 17, Issue 2 (March — April 2023)

aac(6’)-lb was highly distributed among E. coli, P.
aeruginosa and Proteus spp. (70.4%, 46.7% and 4.8%,
respectively) (Table 5 & Figures 2 and 3).
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Table 5. Distribution of Blayp and AAC (6°)-1b genotype among the tested isolates

No. of the isolates in each

Name of organism infection blawpe (%)* AAC (6°)-Ib (%) *
E. coli 27 23 (85.2%) 19 (70.4%)
P. aeruginosa 15 5 (33.35%) 7 (46.7%)
Proteus spp. 21 8(38.1%) 1(4.8%)
Klebsiella spp. 4 4 (100%) -
Acinetobacter baumannii 3 2 (66.7%) -

*Percent was correlated to the no. of each isolate

Figure 2. Agarose gel showing PCR-amplified products of Figure 3. Agarose gel showing PCR-amplified products of
AAC (6°)-1b (365bp). Lane M: 100 bp DNA ladder; lane 1: AAC  bla;p (488bp). Lane M: 100 bp DNA ladder; lane 1:No band
(6°)-Ib; lane 2: AAC (6°)-Ib; lane 3: AAC (6°)-Ib,; lane 4: AAC :blawp; lane 2: blawp; lane 3: blawp; lane 4: blae; lane 5:

(6°)-1b and lane 5:No band blavp; lane 6: blaje and lane 7: blaye

The combined activity between amikacin and that the antibacterial combination against resistant
imipenem versus the tested isolates by strains lowered the MICs of each drug and the
checkerboard technique efficacy of the tested antibiotics increased. FIC index

of both drugs varied from 0.01 to 0.5 indicating
synergistic activity for the combination. The effect of
amikacin and imipenem combination against
resistant strains found to lower MICs for both
amikacin and imipenem from 1024pg/ml to 32ug/ml
(FICindex 0.06) Table 6.

Amikacin and imipenem were assessed in
combination because they had good activity against
the tested isolates. Also, we expect that this
combination may have synergistic activity against
MDR isolates due to the difference in mechanisms of
action between both antibiotics. Our results showed

Table 6. The combined activity between imipenem and amikacin versus the tested isolates:

MIC (ug/ml)
Name of bacteria Amikacin Imipenem Combination amikacin + FIC index Outcome
alone alone imipenem
E. coli (No.1) 1024 1024 32 32 0.06 Synergistic
E. coli (No.2) 1024 512 32 32 0.09 Synergistic
E. coli (No.3) 512 512 16 4 0.03 Synergistic
E. coli (No.4) 512 128 32 8 0.125 Synergistic
E. coli (No.5) 256 128 32 8 0.187 Synergistic
E. coli (No.6) 256 64 32 4 0.187 Synergistic
E. coli (No.7) 128 64 1 0.5 0.016 Synergistic
E. coli (No.8) 128 64 8 4 0.125 Synergistic
E. coli (No.9) 64 32 1 1 0.047 Synergistic
E. coli (No.10) 64 32 1 0.5 0.03 Synergistic
E. coli (No.11) 32 32 1 0.5 0.05 Synergistic
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Name of bacteria

E. coli (No.12) 32 16
E. coli (No.13) 16 8
E. coli (No.14) 16 4
E. coli (No.15) 16 4
Ps (No.1) 1024 1024
Ps (No.2) 512 512
Ps (No.3) 256 256
Ps (No.4) 128 128
Ps (No.5) 64 64
Proteus (No.1) 64 512
Proteus (No.2) 64 16
Proteus (No.3) 64 8
KI. (No.1) 64 128
KI. (No.2) 64 64

MIC (pg/ml) FIC index Outcome
0.5 2 0.14 Synergistic
0.5 2 0.3 Synergistic
0.5 0.25 0.09 Synergistic

1 0.5 0.19 Synergistic
32 32 0.06 Synergistic
32 8 0.078 Synergistic
4 1 0.019 Synergistic
32 8 0.3 Synergistic
0.5 1 0.023 Synergistic
0.5 1 0.001 Synergistic
0.5 1 0.07 Synergistic
0.25 0.5 0.066 Synergistic
2 1 0.04 Synergistic
0.5 1 0.023 Synergistic

Time—kill studies

Regarding E. coli (No. 1) resistant to both
imipenem and amikacin: The initial bacterial count
was 8.2 logio CFU/ml. At 0.5xMIC there was no
significant decrease in bacterial count except after
24hrs by the combination group to 7.46 logio CFU/ml.

At 1xMIC the bacterial count decreased
significantly for each drug alone and showed a
significant decrease in colony count (bactericidal) by
the tested combination to 3.5 logl0 CFU/mL after
24h, indicating synergistic activity. At 2xMIC, a
bacteriostatic effect was shown by 2.26 logio CFU/mL
reductions at 12h, indicating bacteriostatic activity.
At 4xMIC no colony count found at 12h and 8h for
each drug alone and in combination, respectively

(Figure, 4).
For Pseudomonas aeruginosa (No. 1) resistant to

both imipenem and amikacin.

The initial in-vitro bacterial count was 8.2 logio
CFU/mL, at 0.5xMIC bacterial count decreased to
7.48 logio CFU/mL after 24h in case of imipenem and
amikacin combination. At 1xMIC combination

Year 17, Issue 2 (March — April 2023)

showed 3.2 logio CFU/mL reductions which indicated
bactericidal and synergistic compared with both
drugs after 24h. At 2xMIC combination regimen
showed bacteriostatic after 12h with 2.49 logio
CFU/mL reductions, bactericidal after 24h with 3.6
logio CFU/mL reductions, where > 2 logio CFU/mL
reductions after 24h had to be synergistic. At 4xMIC
no colony count found after 24h and 12h in the
presence of each drug alone and in combination
(Figure, 5).

Regarding Proteus (No.1) resistant to both drugs

At 0.5xMIC, combination showed decrease in
colony count to 8.03 logio CFU/mL after 24h, 1xMIC
decreased in case of combination to 5 logio CFU/mL
with 3 logio CFU/mL reductions shown to be
bactericidal and synergistic between both drugs. At
2xMIC, bacteriostatic activity was shown after 8h
with 2.4 logio CFU/mL reductions and bactericidal
activity after 12h with 3.57 logio CFU/mL reductions.
At 4xMIC, combination showed bacteriostatic activity
at 2h with 2.5 logio CFU/mL reductions and showed
bactericidal activity after 4h with 3.7 logio CFU/mL
reductions (Figure, 6).
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Figure 4. Time killing curve for E. coli A: Treated with amikacin in different concentrations, B: Treated with imipenem in
different concentrations, C: Treated with a combination in different concentrations
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Figure 5. Time killing curve for P. aeruginosa J: Treated with amikacin in different concentration, K: Treated with imipenem in
different concentration, L: Treated with combination in different concentration
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Figure 6. Time killing curve for Proteus spp. S: Treated with amikacin in different concentrations, T: Treated with imipenem
in different concentrations, U: Treated with a combination of different concentration

The Case of Klebsiella (No.1) resistant to both after 4h with 2.27 logio CFU/mL reductions showing
drugs bacteriostatic  activity while bactericidal was
At 0.5xMIC, the combination showed a decrease in observed after E?h V\.“th 3.6 logio CFU/”.]L rec!uct|ons.
. At 4xMIC combination showed bacteriostatic effect
the bacterial count to 8 logio CFU/mL. At 1xMIC, the . .

. . after 2h with 2.49 logio CFU/mL reductions and

combination showed 3.35 logio CFU/mL reductions showed bactericidal activity after 4h with 3.68 lo
indicating bactericidal and synergistic after 24h. At ¥ ' B10

2XMIC, the Combination decreased bacterial count CFU/mL reductions (Figure, 7).
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Figure 7. Time killing curve for Klebsiella spp. V: Treated with amikacin in different concentration, W: Treated with imipenem
in different concentration, X: Treated with combination in different concentration

4, Discussion

Gram-negative bacterial wound infections play an
important role in chronicity and slowing wound
healing. These infections should be limited and
managed by healthcare practitioners by suggesting
suitable antibiotic treatments (8).

In this study, 70 Gram-negative microbes were
obtained from wounds showing signs of infections.
The most predominant strains were E. coli, Proteus
spp., P. aeruginosa, Klebsiella spp. and A. baumannii
in agreement with Bhatt, Tandel (21) who stated that
E. coli, Proteus spp., P. aeruginosa, Klebsiella spp. and
A. baumannii were the most prevalent microbes
isolated from wound swabs. Bessa, Fazii (8) and
Gjpdsbgl, Christensen (22) stated that P. aeruginosa,
Proteus mirabilis and E. coli were the most common
Gram-negative isolates isolated from wound
infections.

Exposure to antimicrobial drugs for long periods is
the most common cause widespread of resistance
among Gram-negative bacteria (23). In the present
study, Gram-negative pathogen showed MDR to
most of the antibiotics, to overcome this resistance,
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combination therapy has been used (24). Previously,
synergistic combinations of B-lactams and
aminoglycosides were reported to overcome
resistance caused by MDR Gram-negative bacteria by
Lim, Lee (25). The reason for synergism between both
drugs is that both drugs act by a different inhibitory
mechanism. Beta-lactam antibiotics such as
imipenem, attach to penicillin-binding proteins
(PBPS) and cause morphological changes in cells (26)
whereas aminoglycosides such as amikacin, inhibit
protein synthesis (27). Other antibiotics' periplasmic
target site penetration is aided by the permeabilizing
impact. As a result, carbapenems in conjunction with
an aminoglycoside are effective (28). In our study
Gram-negative isolates showed complete resistance
to Ampicillin/sulbactam, Amoxicillin/ clavulanic,
Cephalothin, Cefadroxil, Ciprofloxacin, Ceftazidime
and Ofloxacin. A study done by Vena, Giacobbe (29),
it was found that Gram-negative pathogens were
mostly  resistant to cefepime, ceftazidime,
ciprofloxacin, piperacillin/tazobactam, and colistin.

One of the most predominant genes of resistance
among Gram-negative bacteria are bla-mp and AAC

Iranian Journal of Medical Microbiology



Sara Mahmoud Farhan et al., 227

(6’)-Ib (30). So, we must study the prevalence of
these genes in isolated pathogens. Our findings
showed that all Klebsiella spp. harbored bla-IMP,
followed by E. coli, A. baumannii, Proteus spp. and P.
aeruginosa. aac(6’)-lb were most common among E.
coli, P. aeruginosa and Proteus spp. Elbadawi, Elhag
(31) reported that 7 isolates out of 21 Gram negative
bacteria harbored bla-mp and Costello, Deshpande
(32) stated that aac(6')-lb was the predominant
aminoglycoside modifying enzyme. The present study
revealed that in-vitro activity of imipenem and
amikacin combination showed synergistic action
against most resistant Gram-negative pathogens. The
combination of both drugs reported a significant
decrease in bacterial count shown by the time-kill
curve. Such a combination could be a promising
therapy in treating lethal Gram-negative bacterial
infections as it reduces the risk of monotherapy
resistance and improves clinical treatment. The
present study opposite to the study done by Mathe,
Szabo (18) found that imipenem and amikacin alone
had activities much better than their combination in
the treatment of Klebsiella. In another study done by
Rodriguez-Hernandez, Pachon (19), it was found that
imipenem as monotherapy was much better than
amikacin alone or IMP/AMK combination in the
treatment of A. baumannii.

5. Conclusion

Amikacin and imipenem combination showed the
best solution therapy against serious Gram-negative
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