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Abstract

Background: Antimicrobial resistance occurs when bacteria change in some way that reduces or eliminates the effectiveness of

drugs, chemicals or other agents designed to cure or prevent the infection.
Objective: To isolate etiology of wound infections and determine their antimicrobial susceptibility pattern.

Methods: A cross-sectional study was conducted at ALERT Center from February to May 2017. Swabs from different types of wounds
were taken and processed to isolate etiologic agents by using standard microbiological techniques. Antimicrobial susceptibility tests

were performed by disc diffusion technique as per the standard modified Kirby-Bauer method.

Results: In this study 171 bacterial isolates were recovered from 188 specimens showing an isolation rate of 86.2%. The predominant
bacteria isolated from the infected wounds were Staphylococcus aureus 96 (51.1%) followed by Klebsiella pneumonia 26 (15.2%),
Escherichia coli 23 (13.4%). Out of 162 positive samples, 9 (5.5%) were mixed infections. Staphylococcus aureus exhibited highest
sensitivity against Clindamycin (95.8%), Gentamycin (94.8%), Chloramphenicol (92.7%), Ciprofloxacin (89.6%) and Cotrimoxazole
(84%). Gram-negative isolates, E. coli, P. vulgaris, P. mirabilis, P. aeruginosa and Citrobacter showed the highest sensitivity against
Amikacin (100%). E. coli showed high resistance for Ampicillin (95.7%) and Augmentin (91.3%) whereas P. vulgaris showed 100%

resistance for Ampicillin and 90.9% for Tetracycline.

Conclusion: High culture positivity rate of wound infections reported in the present study initiates many similar studies to be con-
ducted on wound infection in the country. High level of drug resistance to the commonly prescribed drugs dictates a search for better

choices.
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Introduction

Antimicrobial resistance occurs when bacteria change in some way that reduces or eliminates the effectiveness of drugs, chemicals or
other agents designed to cure or prevent the infection. Thus the bacteria survive and continue to multiply causing more harm. Widespread

use of antibiotics promotes the spread of antibiotic resistance [1,2].

Bacteria can acquire antibiotic resistance either by mutation or through an exchange of genetic material among same or closely related
species. The sudden acquisition of resistance to antibiotics poses difficulties in treating infections. Resistance to several different antibiot-

ics at the same time is, even more, a significant problem [1-3].

The probability of wound infections largely depends on the patients’ systemic host defences, local wound conditions, and microbial
burden. Wound develops into an infected state when the balance between the microorganism and the host shifts in favor of the micro-
organism. The conditions of antimicrobial therapy, both prophylactically and therapeutically, can only be defined when these factors are

under control [2,3].

Hence, an on-going surveillance could play a significant role in the early recognition of a problem and, there is a need for early inter-
vention for better management of wound infections. Exposure of subcutaneous tissue following a loss of skin integrity (i.e. wound) pro-

vides a moist, warm, and nutritious environment that is conducive to microbial colonization and proliferation [3-5].

Knowledge of the causative agents of wound infection and the extent of drug resistance of these isolates against different antimicrobial

classes in a specific geographic region will, therefore, be useful in order to provide locally applicable data and to guide empirical therapy.

In Ethiopia, drug resistance pattern is highly increasing the time to time according to various studies due to misuses of antibiotic by
the public. Hence this study is very essential to see the pattern of resistance and the result of this study will assist clinicians to prescribe

the appropriate antibiotics and helps the patients in getting timely and appropriate treatment.
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Materials and Methods
Study design and Study Area

A cross-sectional study was conducted from February to May 2017 at ALERT Center. ALERT Center is one of the specialized tertiary
referral hospitals in the country. It is located in Addis Ababa at 7 km Southwest on the way to Jimma. ALERT main mission was to provide

training for both genders in multiple aspects of Leprosy including prevention, treatment, and rehabilitation in an African context.

Sampling procedure

A structured and predesigned questionnaire was developed and used for collection of data on socio-demographic characteristics (age,
sex, occupation and educational background of patients). Open wound swabs were aseptically obtained after the wound immediate sur-
face exudates and contaminants were cleaned off with moistened sterile gauze and sterile normal saline solution. Dressed wounds were
cleaned off with sterile normal saline after removing the dressing. The specimen was collected on sterile cotton swab by rotating with suf-
ficient pressure. Double wound swabs were taken from each wound at a point in time to reduce the chance of contamination. The samples

were transported to the laboratory after collection within 30 minutes.

Culture and Biochemical tests

Swabs collected from patients were streaked on a blood agar (5% sheep blood) and MacConkey agar (Oxoid) by the sterile inoculating
loop. The plates were incubated at 35 - 37°C for 24 - 48 hours. Preliminary identification of bacteria was done based on colony charac-
teristics of the organisms. Some colony characteristics like hemolysis on blood agar, changes in physical appearance in differential media
and enzyme activities of the organisms. Biochemical tests were performed on colonies from pure cultures for identification of the isolates.
Gram-negative rods were identified by performing a series of biochemical tests-Oxoid using: - Kliger Iron Agar (KIA), Indole test, Sim-
mon’s citrate agar, Lysine Iron Agar (LIA), urea and motility. Gram-positive cocci were identified based on their Gram-reaction, catalase
and coagulase test results. Mannitol salt agar was used also as a differential media to differentiate coagulase positive from coagulase-

negative Staphylococci (CoNS).

Antimicrobial susceptibility testing (AST)

Susceptibility testing was performed by Kirby-Bauer disk diffusion technique (27) according to criteria set by Clinical and Laboratory
Standard Institute (CLSI) 2016. The inoculum was prepared from the pure culture by picking parts (3 - 5) of similar test organisms with
a sterile wire loop and suspended in sterile normal saline. The density of suspension to be inoculated was determined by comparison
with opacity standard on McFarland 0.5 Barium sulphate solution. The test organism was uniformly seeded over on Mueller-Hinton agar
(Oxoid) surface and exposed to antibiotic diffusing from antibiotic-impregnated paper disks into the agar medium, and then incubated
aerobically at 37°C for 16 - 18 hours. Diameters of the zone of inhibition around the discs were measured to the nearest millimetre using
a clipper and classified as sensitive, intermediate, and resistance according to the standardized table supplied by CLSI 2016. Only the con-
ventional antibiotics regularly available for frequent use in the study area was considered for this study and all the disks that have been
used for the test were from Oxoid. The following antimicrobial agents were employed:- Penicillin (10 pg) Ceftriaxone (30 pg), Clindamycin
(10 pg), Erythromycin (15 pg), Gentamycin (10 pg), Ciprofloxacin (5 pg), Tetracycline (30 pg), Ampicillin (10 pg), Augmentin (30 pg),
Amikacin (30 pg), Cefepime (30 pg), Cotrimoxazole (25 pg), Chloramphenicol (30 pg) and Ceftazidime (30 pg).

Data Analysis
Data entry and analysis was performed by using SPSS statistical software version 20. The descriptive statistics were calculated for each

variable using frequencies and crosstabs.

Ethical Consideration

All ethical considerations and obligations were duly addressed. Ethical approval was obtained from Department Ethics and Research
Committee (DERC) of Addis Ababa University (AAU), College of Health Sciences (COHS), Department of Medical Laboratory Sciences. Per-
mission was also obtained from ALERT Center for data collection. Written informed consents were obtained from each individual after the

purpose of the study explained. For children, consent was obtained from the parent or guardian of the child.
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Result

Socio demographic characteristics

A total of 188 study participants were enrolled in this study. Among these, 72 (38.3%) were females and 116 (61.7%) males. The ages
of the participants ranged from 1 year to 83 years with mean age of 31.8 + 17.02 (Table 1). In this study, wounds were collected from dif-
ferent body sites (Table 2). Most of the causes of the wound were identified (Table 3). Wound infection was the highest 120 (68.3%) in
patients of age group 15 - 44 followed by 32 (17.0%) age groups of 45 - 64. Age was classified based on Provisional Guidelines on Standard
International age classification (31).

Variables Characteristics Frequency (%)
Sex Male 116 (61.7)
Female 72 (38.3)
Age <14 24 (12.8)
15- 44 120 (68.3)
45 - 64 32 (17.0)
=265 11 (5.9)
Level of education Illiterate 41 (21.8)
Elementary 65 (34.6)
High school 42 (22.3)
College and above 32 (17.0)
Under age 8 (4.3)
Occupation Government employee 21(11.2)
Private enterprise 33(17.6)
Day labourer 28 (14.9)
Merchant 4(2.1)
House wife 22 (11.7)
Farmer 7 (3.7)
No job 26 (13.8)
Under age 17 (9.0)

Table 1: Socio demographic characteristics of study participants.

Wound site Frequency (%)

Leg 67 (35.6)
Foot 39 (20.7)
Arm 26 (13.8)
Finger 18 (9.6)
Face 13 (6.9)
Scalp 12 (6.4)
Back 10 (5.4)
Chest and abdomen 3(1.6)
Total 188 (100%)

Table 2: Site of wound infection.
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Causes Frequency (%)
Accident 92 (48.9)
Operation (Surgical) 46 (24.5)
Unknown causes 26 (13.8)
Burn 17 (9.1)
Animal bites 7 (3.7)
Total 188 (100)
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Table 3: Causes of wounds infection.

Isolated bacterial profile

Out of the 188 swabs taken 162 (86.2%) were culture positive for bacterial pathogens, while 26 (13.8%) culture showed no growth.
Out of 162 positive samples, 9 (5.5%) were mixed infections and a total of 171 bacterial isolates were identified. Among the isolates,
Staphylococcus aureus 96 (56.1%) was predominant. Klebsiella pneumoniae 26 (13.8%) was the most frequently isolated Gram-negative
bacteria followed by E. coli 23 (12.2%). Pseudomonas aeruginosa (3.5%) and only one Citrobacter spp. (0.6%) was isolated. In our study,
there were a total of 9 mixed bacteria isolated. The proportion of each bacterial isolate to the total isolates and Percentage frequency of

mixed bacterial isolates from wound infection is presented in table 4.

Bacterial isolates Frequency Percentage
Staphylococcus aureus 96 56.1
Klebsiella pneumonia 26 15.2
Escherichia coli 23 13.4
Proteus vulgaris 11 6.4
Proteus mirabilis 8 4.7
Pseudomonas aeruginosa 6 3.5
Citrobacter spp. 1 0.6
Total 171 100
Mixed culture
S. aureus and E. coli 3 33.3
S. aureus and K. pneumoniae 3 33.3
E. coli and P, vulgaris 3 333

Table 4: Distribution and frequency of bacterial isolated from wound infection.

Antimicrobial susceptibility patterns of different bacterial isolates

Antibiotic susceptibility of the isolated organisms was determined by standard Kirby-Bauer disk diffusion method. Staphylococcus
aureus exhibited highest sensitivity against Clindamycin (95.8%), Gentamycin (94.8%), Chloramphenicol (92.7%), Ciprofloxacin (89.6%)

and Cotrimoxazole (84%). In this study, S. aureus showed resistance for Penicillin (66.7%) and Tetracycline (46%) only.

Among Gram-negative isolates, E. coli, Proteus vulgaris, Proteus mirabilis, Pseudomonas aeruginosa and Citrobacter showed the highest
sensitivity against Amikacin (100 %) and for K.pneumoniae Amikacin showed 96.2% sensitivity. E. coli showed high resistance for Ampi-

cillin (95.7%) and Augmentin (91.3%) whereas P. vulgaris showed 100% resistance for Ampicillin and 90.9% for Tetracycline (Table 5).

Multi-drug Resistance pattern

The higher rate of MDR (100%) was seen among Citrobacter spp., P mirabilis, and E. coli but the lower rate of (20%) MDR isolates seen
among P. aeruginosa.
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Isolated

. AST Antibiotics
Organisms

P E DA CIP GEN | CHL | COT | TE | AMK | CRO | CAZ | CFP | AMP | AUG
S. aureus S 26.0 | 67.7 | 958 | 89.6 | 94.8 | 92.7 | 84.0 | 45.8 - - - - - -

(n=96) 1 [ 736311 21 [ 10 [10] o [73] - i - - - i
R [667[260] 31| 83 | 42 | 63 | 160 [469]| - - - - - ;
E .coli s 739 | 69.6 | 739 | 435 [ 87 | 100 | 652 [ 783 | 783 [ o | 43
(n=23) I 44 | 43 | o o |87 ] o o | 43 ] o | 43| 43
R 217 | 261 [ 261 [ 565 ] 86 | o | 348 [ 174 | 217 [ 957 [ 913
P vulgaris s 72.7 | 636 | 455 | 545 | 91 | 100 | 300 [ 700 [ 900 [ o [ 200
(n=11) I - [ o1 [100] o [ o] o 0 0 0 o | 300
R 273 | 273 [ 455 [ 455 [909| o [ 700 [ 300 | 100 [ 100 | 50.0
P mirabilis s 62.5 | 625 | 250 | 250 | 0 | 100 | 500 [ 625 | 625 | 125 | 25.0
(n=8) I 0 0 0 | 125250 o 0 0 0 0 | 250
R 375 | 37.5 | 750 | 625 [ 750 o | 500 [ 375 [ 375 [ 875 | 500
K. pneumoniae | S 770 | 654 | 57.7 | 577 [192] 962 | 615 [ 731 | 731 | 77 | 115
1 38 | 77 | 77 | 38 [270] 38 [ o 0 0 0 | 847
R 192 | 269 [ 346 | 385 [538] o | 385 [ 269 | 269 [ 923 38
P. aeruginosa S 83.3 83.3 - - - 100 - 83.3 | 100 - -
(6) 1 167 | o0 } - i 0 - 0 - . i
R o | 167 ] - - i 0 - w7 | - i i
Citrobacter S 0 0 0 0 0 100 0 0 0
spp- (n=1) 1 0 0 o | o] o] o 0 o | 100 [ o 0
R 100 | 100 | 100 | 100 [100] o [ 100 [ 100 [ o [ 100 | 100

Table 5: Percentage of antimicrobial susceptibility pattern of bacteria isolated from wound infections.

Key: P: Penicillin; E: Erythromycin; DA: Clindamycin; CIP: Ciprofloxacin; GEN: Gentamycin; CHL: Chloramphenicol; COT: Cotrimoxazole;
TE: Tetracycline; AMK: Amikacin; CRO: Ceftriaxone; CAZ: Ceftazidime; CFP: Cefepime; AMP: Ampicillin; AUG: Augmentin; S: Sensitive; I:
Intermediate; R: Resistance AST: Antimicrobial Susceptibility Testing

No. (%) of resistance

Bacterial isolates RO R1 R2 R3 R4 R5 R6-10 MDR
S. aureus (n = 96) 15 (15.6) 34 (35.4) 25 (26.0) 12 (12.5) 3(3.1) 4(4.2) 3(1.6) 47 (83.9)
K. pneumoniae (n = 26) - 3(11.5) 5(19.2) 5(19.2) - 3(11.5) 10 (38.5) 23 (88.4)
E. coli (n = 23) - - 3(13.0) 7 (30.4) 3(13.0) 3(13.0 7 (30.4) 23 (100)
P. vulgaris (11) 1(9.1) 2 (18.2) 1(9.1) 2(8.2) - 5 (45.5) 10 (90.9)
P. mirabilis (n = 8) - - 1(12.5) 1(12.5) 2 (25.0) - 4 (50.0) 8(100)
P. aeruginosa (6) 5(83.3) - 1(16.7) - - - - 1(20)
Citrobacter spp. (n=1) - - - - - - 1(100) 1(100)
Total 20 (7.3) 38 (22) 37 (13.6) 26 (9.5) 10(5.8) | 10(5.8) | 30(17.5) 113 (66.1)

Table 6: Multi-drug resistance pattern of bacteria isolated from patients with infected wounds.

Key: RO: No Resistance to Antibiotic; R1: Resistance to 1 Antibiotics; R2: Resistance to 2 Antibiotics; R3: Resistance to 3 Antibiotics; R4:
Resistance to 4 Antibiotics; R5: Resistance to 5 antibiotic; R 6-10: Resistance to 6-10 Antibiotics
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Discussion

Of the 188 clinical samples collected from patients with cases of wound infections, bacteria have been identified in 162 patients giv-
ing an isolation rate of 86.2%. Though the prevalence rate of wound infections in the present study was within the reported range, it was
relatively the same prevalence rates of 87.3%, and 70.5% reported in similar studies conducted in Southwest and North East Ethiopia;
respectively [5,7]. This study also has similar prevalence rate with studies conducted in Nepal, Nigeria and India at the rate of 80%, 82%
and 89.5 % respectively [15,16,18]. Both local and abroad studies showed similar bacterial isolates in the range of 70.5% to 89.5%, this

shows similarity may be due to following Standard operating procedures strictly for bacterial isolation.

The type and the relative frequencies of bacteria causing wound infections vary greatly among studies. In the present study, among
171 bacterial isolates, 96 (56.1%) were Gram-positive, i.e. S. aureus and 75 (43.9%) were Gram-negative. Among Gram-negative bacterial
isolated, K. pneumoniae was found in 26 patients (15.2%), E. coli in 23 (13.4%) and P, vulgaris 11 (6.4%) patients. In this study, S. aureus
and K. pneumoniae were the major bacteria associated with wound infection. The same has been reported by Araya G., et al. [32], Esebe-
lalie., et al [33]. E. coli as a third predominant isolate following S. aureus and K. pneumoniae has been documented by Mama M., et al. and
Shriyan,, et al [4,5].

The same study conducted in Ethiopia had shown E. coli as the first most prevalent. However, in our study, K. pneumoniae 26 (15.2%)
was the predominant Gram-negative bacteria. Variation in the distribution of microbial agents between different geographical locations
and regions within the same country may be responsible for this diversity. The possible reason for the high frequency of S. aureus is that
this bacteria commonly found in human skin as normal flora. Wherever this bacterium gets breaks on skins and soft tissue they can easily
disseminate. Cross-contamination of the wound from nasal colonization by S. aureus could be one possible explanation for high isolation
rate of S. aureus. The importance of preventing cross-contamination in hospital environments was well explained by Onwubiko., et al [17].
In our study, P. aeruginosa was among the least isolated bacteria and this might be due to only 17 (9.0%) of wound swabs were taken from

burn patients whereas; it was highly prevalent in most other studies [7,21,34].

The prevalence rate of mixed infections (5.3%) observed in this study was lower than 34.6% reported in the previous study by Anil,, et
al [21]. This may be due to the difference in identification methods that are known to influence the relative prevalence of bacteria which

makes the comparison of results difficult.

Based on CLSI guideline 2016 we have used selected drugs for Pseudomonas aeruginosa which were available in the study area during
the study period. Among drugs guided by CLSI 2016, we have utilized Gentamycin, Ciprofloxacin, Ceftazidime, Amikacin and Cefepime. In
the present study, P. aeruginosa showed high sensitivity for most drugs, 100% for Amikacin and Cefepime, 83.3% for Gentamycin, Cipro-
floxacin and Ceftazidime. There was no resistance bacterium isolated in our study for selected drugs. The relatively low level of resistance
to these drugs may be, these drugs had been in the market for a relatively low availability most of the time as compared to drugs such
as tetracycline, ampicillin and erythromycin. Our result was similar with a study conducted in Jima, Ethiopia by Mama.,, et al. [5] but not
concurrent with results documented in Nepal by Anil,, et al. and Salu Rai [20,38], this might be due to variation in geographical location

and drug consumption trend.

Given that the majority of therapy for wound infections is empiric and that bacteria associated with wound infections are demonstrat-
ing increasing anti-microbial resistance, continuously updated data on antimicrobial susceptibility patterns would be beneficial to guide
empiric treatment. In our study, both Gram-positive and Gram-negative bacteria were tested for drug susceptibility against a panel of eight
drugs for Gram-positive and eleven drugs for Gram-negative bacteria. The number of drugs tested against bacteria isolated from wound
infections in the present study was more or less the same number and family of drugs tested in previous studies in Ethiopia [5,7,34,35].

This may play a vital role to identify if there is a shift in a drug resistance pattern for the similar drugs used in previous studies.

The overall drug resistance rates of Gram-negative bacteria isolates ranged from 3.8% for Augmentin and 10% for Cefepime to 100%
for Ampicillin, and 90% for Tetracycline. This figure demonstrates that Ampicillin and Tetracycline as a single agent for empirical treat-
ment of wound infections would not cover the majority of wounds infected by Gram-negative bacteria in the study area. High level of drug
resistance to Ampicillin and Tetracycline in the present study was compatible with results of similar studies conducted locally [5,7,35,36]
and from abroad [21,23,24]. Availability of these anti-microbial agents without a prescription and inappropriate dosing schedules may

explain the isolation of high level of drug resistance against these drugs and other drugs such as Penicillin.
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S. aureus showed an average resistance rate of 22.2% to most of the antimicrobial drugs tested which is relatively similar with previous
studies done locally by Mama.,, et al. and Mulugeta., et al [5,7]. In the present study, S. aureus showed high resistance for Penicillin 66.7%
and this is concurrent with the study conducted locally by Hailu., et al. [33] but lower than a study conducted by Mama., et al [5]. A study
conducted in Nigeria by Onwubiko N, et al. [17], the resistance rate of Penicillin for S. aureus was very low, i.e. 7.1 % only. From various
drugs used in our study for S. aureus, Clindamycin (95.8%), Gentamycin (94.8%), Chloramphenicol (92.7%) and Ciprofloxacin (89.6%)
showed high sensitivity. This finding has an agreement with a study conducted locally in Jimma and Dessie by Mama,, et al. and Mulugeta.,
et al [5,7]. It has also shown an agreement with a study conducted in Karnataka by Kaup., et al [6]. In the current study, Tetracycline
(49.6%) showed slightly high resistance which was lower than the study conducted by Mulugeta K., et al. [7] but it was similar with the
study conducted in Karnataka by Kaua,, et al [6].

K. pneumoniae, the first most common Gram-negative bacterium isolate was sensitive to Amikacin (96.2%) and Ciprofloxacin (77.0%)
and was intermediate for Augmentin (84.7%). The average resistance rate for this isolate was 44.2% and it was comparable with the re-

sults documented from previous studies by Derese., et al. and Zarrin., et al [36,37].

The second most common Gram-negative isolate in our study was E. coli 23 (13.4%). It was highly sensitive for Amikacin (100%)
and this result is the same with the study conducted by Mama,, et al. [5] and showed low resistance to Gentamycin (3.2%), Ciprofloxacin
(2.7%), Cefepime (2.7%), Ceftazidime (2.1%), and Ceftriaxone (4.3%). High resistance was observed for Ampicillin (95.7%), Augmentin
(91.3%) and Tetracycline (86%). This resistance rate observed in our study was similar with a study conducted in Southwest- Ethiopia
and South India [5,37].

P, vulgaris and P. mirabilis showed high sensitivity for Amikacin (100%). Both isolates showed sensitivity for Cefepime, 90%, and
62.5% respectively. P. vulgaris showed high resistance for Ampicillin 100% and Tetracycline (90%) whereas P. mirabilis showed a resis-
tance rate of 87.5% and 75% for Ampicillin and Tetracycline respectively. These results were comparable with various studies conducted
in Addis Ababa, Jimma, Mekele, India [5,13,19,35].

Overall MDR rate of isolated bacteria in this study was 66.1%. This finding was similar with MDR rate reported by Mulugeta,, et al. [7]
but lower than 95.5%, 85 %, 82.1% resistance rate reported by Mulu,, et al, Mama,, et al. and Sewunet,, et al. respectively [5,27,34] and
Mohammad,, et al. in Nepal [16].

Conclusion

High culture positivity rate of wound infections reported in the present study initiates many similar studies to be conducted on wound
infection in the country. High level of drug resistance to the commonly prescribed drugs dictates a search for better choices.
Conflict of Interests

The work does not have any financial and/or non-financial competing interest. The authors declare that there is no conflict of interests
regarding the publication of this paper. The study was approved by Department Ethics and Research Committee (DERC) of Addis Ababa
University (AAU), College of Health Sciences (COHS), Department of Medical Laboratory Sciences. Permission was also obtained from
ALERT Center for data collection.

Acknowledgment

We are grateful for Addis Ababa University, Department of Medical Laboratory Science for giving us an opportunity to conduct this

research.

Our heartfelt thanks and respect goes to all ALERT Center Clinical Laboratory staffs for their unreserved support and friendly co-

operation. We are also thankful for all study participants and Clinicians at ALERT Center surgical outpatient department.
Bibliography

1. Rekha B,, et al. “Antibiotic Resistance -A Global Issue of Concern”. Asian Journal of Pharmaceutical and Clinical Research 2.2 (2009):
34-35.

2. Nakade Dhanraj B. “Antibiotic sensitivity of common Bacterial Pathogens against selected Quinolones”. ISCA Journal of Biological
Sciences 1.1 (2012): 77-79.

Citation: Adane Bitew,, et al. “Antimicrobial Susceptibility Pattern of Bacterial Isolates from Wound Infections at All Africa Leprosy,
Tuberculosis and Rehabilitation Training Center, Addis Ababa, Ethiopia”. EC Microbiology 14.7 (2018): 391-399.


https://innovareacademics.in/journal/ajpcr/Vol2Issue2/189.pdf
https://innovareacademics.in/journal/ajpcr/Vol2Issue2/189.pdf
https://www.researchgate.net/publication/258840127_Antibiotic_sensitivity_of_common_Bacterial_Pathogens_against_selected_Quinolones
https://www.researchgate.net/publication/258840127_Antibiotic_sensitivity_of_common_Bacterial_Pathogens_against_selected_Quinolones

Antimicrobial Susceptibility Pattern of Bacterial Isolates from Wound Infections at All Africa Leprosy, Tuberculosis and
Rehabilitation Training Center, Addis Ababa, Ethiopia

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

398

Sridhar Rao PN. “Anti-microbial susceptibility testing”. www.microrao.com. (2006).

Shriyan A, et al. “Aerobic micro-organisms in post-operative wound infections and their Antimicrobial susceptibility patterns”.
Journal of Clinical and Diagnostic Research 4.6 (2010): 3392-3396.

Mama M., et al. “Antimicrobial susceptibility pattern of bacterial isolates from wound infection and their sensitivity to alternative
topical agents”. Annals of Clinical Microbiology and Antimicrobials 13 (2014): 14.

Kaup S and Sankarankutty ]. “Prevalence and antimicrobial susceptibility patterns of bacteria isolated from skin and wound infec-
tions”. Journal of Microbiology and Biotechnology Research 4.2 (2014): 39-45.

Mulugeta K and Bayeh A. “Bacteriology and antibiogram of pathogens from wound infections at Dessie Laboratory, North East
Ethiopia”. Tanzania Journal of Health Research 13.4 (2014): 1-10.

Sara E., et al. “Antibiotic guideline”. Johns Hopkins Medicine (2015-2016): 1-2.
Hellen G., et al. “The state of the World's Antibiotics”. Center for Disease Dynamics, Economics and Policy (2015): 8-15.
Keith F Barker. “Antibiotic resistance: a current perspective”. International Medical Department 48.2 (1999): 109-124.

World Health Organization (WHO). “Antimicrobial Resistance, Global Report on Surveillance”. WHO Library Cataloguing-in-Publi-
cation Data (2014): 1-5.

Pooja SG., et al. “Bacterial Isolation and Their Antibiotic Susceptibility Pattern from Post-Operative Wound Infected Patients”. In-
dian Journal of Microbiology Research 2.4 (2015): 231-235.

James H Jorgensen and Mary ] Ferraro. “Antimicrobial Susceptibility Testing: A Review of General Principles and Contemporary
Practices”. Clinical Infectious Diseases 49.11 (2009): 1749-1755.

Manikandan C and Amsath A. “Antibiotic susceptibility of bacterial strains isolated from wound infection patients in Pattukkottai,
Tamilnadu, India”. International Journal of Current Microbiology and Applied Sciences 2.6 (2013): 195-203.

Hrishikesh S., et al. “Antimicrobial susceptibility pattern of bacterial isolates from wound infection and their sensitivity to antibiotic
agents at super specialty hospital, Amravati city, India”. International Journal of Research in Medical Sciences 3.2 (2015): 433-439.

Mohammad S Razal,, et al. “Antimicrobial Susceptibility Patterns of the Bacterial Isolates in Post-Operative Wound Infections in a
Tertiary Care Hospital, Kathmandu, Nepal”. Open Journal of Medical Microbiology 3.3 (2013): 159-163.

Mohammed A, et al. “Incidence and antibiotic susceptibility pattern of bacterial isolates from wound infections in a tertiary hospi-
tal in Nigeria”. Tropical Journal of Pharmaceutical Research 12.4 (2013): 617-621.

Onwubiko NE and Sadiq NM. “Antibiotic sensitivity pattern of Staphylococcus aureus from clinical isolates in a tertiary health insti-
tution in Kano, Northwestern Nigeria”. Pan African Medical Journal 8.1 (2011): 4.

Rao DR, et al. “Aerobic Bacterial Profile and Antimicrobial Susceptibility Pattern of Pus Isolates in a South Indian Tertiary Care
Hospital”. IOSR Journal of Dental and Medical Sciences 13.3 (2014): 59-62.

Magnet MD,, et al. “Isolation and identification of different bacteria from different types of burn wound infections and study their
antimicrobial sensitivity pattern”. International Journal of Research in Applied, Natural and Social Sciences 1.3 (2013): 125-132.

Anil C and Shahid RM. “Antimicrobial susceptibility patterns of pseudomonas aeruginosa clinical isolates at a tertiary care hospital
in kathmandu, Nepal”. Asian Journal of Pharmaceutical and Clinical Research 6.3. (2013): 235-238.

Muhammad N,, et al. “Bacterial profile of burn wound infections in burn patients”. Annals of Pakistan Institute of Medical Sciences
8.1 (2012): 54-57.

Monsef A and Eghbalian F. “Antibiotic sensitivity pattern of common bacterial pathogens in NICU and neonatal ward in Hamedan
province of Iran”. Health 2.6 (2010): 625-629.

Citation: Adane Bitew,, et al. “Antimicrobial Susceptibility Pattern of Bacterial Isolates from Wound Infections at All Africa Leprosy,
Tuberculosis and Rehabilitation Training Center, Addis Ababa, Ethiopia”. EC Microbiology 14.7 (2018): 391-399.


http://www.jcdr.net/article_abstract.asp?id=1091
http://www.jcdr.net/article_abstract.asp?id=1091
https://www.ncbi.nlm.nih.gov/pubmed/24731394
https://www.ncbi.nlm.nih.gov/pubmed/24731394
https://www.jmbronline.com/index.php/JMBR/article/view/326
https://www.jmbronline.com/index.php/JMBR/article/view/326
https://pdfs.semanticscholar.org/a435/c89d808557832908709dc27fcffb001ea35c.pdf
https://pdfs.semanticscholar.org/a435/c89d808557832908709dc27fcffb001ea35c.pdf
https://www.cddep.org/wp-content/uploads/2017/06/swa_executive_summary_edits_2016.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2014301/
http://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748_eng.pdf;jsessionid=8188A07C549EF08867155478D84C9A54?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/112642/9789241564748_eng.pdf;jsessionid=8188A07C549EF08867155478D84C9A54?sequence=1
https://www.innovativepublication.com/download-articlepdf.php?file=IJMR_2(4)_231-235.pdf&%20id=1162
https://www.innovativepublication.com/download-articlepdf.php?file=IJMR_2(4)_231-235.pdf&%20id=1162
https://www.ncbi.nlm.nih.gov/pubmed/19857164
https://www.ncbi.nlm.nih.gov/pubmed/19857164
https://www.ijcmas.com/vol-2-6/C.%20Manikandan%20and%20A.%20Amsath.pdf
https://www.ijcmas.com/vol-2-6/C.%20Manikandan%20and%20A.%20Amsath.pdf
http://www.msjonline.org/index.php/ijrms/article/view/1295
http://www.msjonline.org/index.php/ijrms/article/view/1295
http://file.scirp.org/Html/2-2260076_37048.htm
http://file.scirp.org/Html/2-2260076_37048.htm
https://www.ajol.info/index.php/tjpr/article/view/93287
https://www.ajol.info/index.php/tjpr/article/view/93287
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3201603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3201603/
http://www.iosrjournals.org/iosr-jdms/papers/Vol13-issue3/Version-2/Q013325962.pdf
http://www.iosrjournals.org/iosr-jdms/papers/Vol13-issue3/Version-2/Q013325962.pdf
https://innovareacademics.in/journal/ajpcr/Vol6Suppl3/317.pdf
https://innovareacademics.in/journal/ajpcr/Vol6Suppl3/317.pdf
https://www.researchgate.net/publication/228497627_Antibiotic_sensitivity_pattern_of_common_bacterial_pathogens_in_NICU_and_neonatal_ward_in_Hamedan_province_of_Iran
https://www.researchgate.net/publication/228497627_Antibiotic_sensitivity_pattern_of_common_bacterial_pathogens_in_NICU_and_neonatal_ward_in_Hamedan_province_of_Iran

Antimicrobial Susceptibility Pattern of Bacterial Isolates from Wound Infections at All Africa Leprosy, Tuberculosis and
Rehabilitation Training Center, Addis Ababa, Ethiopia

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

399

Kansal S and Jiloha PK. “In-vitro antibiotic susceptibility pattern for gram positive bacterial pathogens isolated from pus sample in
India”. Journal of Innovative Biology 2.2 (2015): 234-238.

Roel T, et al. “Susceptibility Pattern of Aerobic Bacterial Isolates from Wound Swab”. Indian Medical Gazette 759.004 (2014): 335-
359.

Levy SB and Marshall B. “Antibacterial resistance worldwide: causes, challenges and responses”. Nature Medicine 10.12 (2004):
$122-S129.

Mulu A, et al. “Pattern and multiple drug resistance of bacterial pathogens isolated from wound infection at University of Gondar
Teaching Hospital”. Ethiopian Medical Journal 44.2 (2006): 125-131.

The Kirby-Bauer Disk Diffusion Test. “Antibiotic Sensitivity testing”. Laboratory Models 3.1 (2016): 1-6.

Silley P. “Susceptibility testing methods, resistance and break points: what do these terms really mean?” Revue Scientifique et Tech-
nique (International Office of Epizootics) 31.1 (2012): 33-41.

Department of international Economics and social affairs United Nations. “Provisional Guidelines on Standard International age
classification” (1982): 5-32.

Mengesha E,, et al. “Aerobic bacteria in post-surgical wound infections and pattern of their antimicrobial susceptibility in Ayder
Teaching and Referral Hospital, Mekelle, Ethiopia”. BMC Research Notes 7 (2014): 575.

Esebelahie N,, et al. “Aerobic bacterial isolates from infected wounds in Benin City, Edo State, Nigeria”. African Journal of Clinical and
Experimental Microbiology 14.3 (2013): 155-159.

Sewunet T, et al. “Bacterial profile and antimicrobial susceptibility pattern of isolates among burn patients at Yekatit 12 hospital
burn center, Addis Ababa, Ethiopia”. Ethiopian Journal of Health Sciences 23.3 (2013): 209-216.

Dessie W, et al. “Pattern of bacterial pathogens and their susceptibility isolated from surgical site infections at selected referral
hospitals, Addis Ababa, Ethiopia”. International Journal of Microbiology (2016): 2418902.

Derese H,, et al. “Drug resistance patterns of bacterial isolates from infected wounds at Bahir Dar Regional Health Research Labora-
tory Center, Northwest Ethiopia”. Ethiopian Journal of Health Development 30.3 (2016): 112-116.

Zarrin A, et al. “Bacteriological profile and antimicrobial susceptibility Pattern of skin and soft tissue infections among Gram-
negative bacilli in a Tertiary Care Hospital of South India”. Journal of Pharmaceutical Sciences and Research 7.7 (2015): 397-400.

Salu R, et al. “Bacteriological profile and antimicrobial susceptibility patterns of bacteria isolated from pus/wound swab samples
from children attending a Tertiary Care Hospital in Kathmandu, Nepal”. International Journal of Microbiology (2017): 2529085.

Volume 14 Issue 7 July 2018
©All rights reserved by Adane Bitew,, et al.

Citation: Adane Bitew,, et al. “Antimicrobial Susceptibility Pattern of Bacterial Isolates from Wound Infections at All Africa Leprosy,
Tuberculosis and Rehabilitation Training Center, Addis Ababa, Ethiopia”. EC Microbiology 14.7 (2018): 391-399.


http://oaji.net/articles/2016/747-1455354983.pdf
http://oaji.net/articles/2016/747-1455354983.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15577930
https://www.ncbi.nlm.nih.gov/pubmed/15577930
https://www.ncbi.nlm.nih.gov/pubmed/17447374
https://www.ncbi.nlm.nih.gov/pubmed/17447374
https://www.ncbi.nlm.nih.gov/pubmed/22849266
https://www.ncbi.nlm.nih.gov/pubmed/22849266
https://www.ncbi.nlm.nih.gov/pubmed/25164127
https://www.ncbi.nlm.nih.gov/pubmed/25164127
https://www.ajol.info/index.php/ajcem/article/download/91739/81212
https://www.ajol.info/index.php/ajcem/article/download/91739/81212
https://www.ncbi.nlm.nih.gov/pubmed/24307820
https://www.ncbi.nlm.nih.gov/pubmed/24307820
https://www.hindawi.com/journals/ijmicro/2016/2418902/
https://www.hindawi.com/journals/ijmicro/2016/2418902/
http://www.ejhd.org/index.php/ejhd/article/view/819
http://www.ejhd.org/index.php/ejhd/article/view/819
http://www.jpsr.pharmainfo.in/Documents/Volumes/vol7Issue07/jpsr07071502.pdf
http://www.jpsr.pharmainfo.in/Documents/Volumes/vol7Issue07/jpsr07071502.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28367217
https://www.ncbi.nlm.nih.gov/pubmed/28367217

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

