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Abstract: This study was carried out to determine the prevalence of different pathogens in 45 surgical

wounds, and their antimicrobial susceptibility patterns. Pus swab from each patient was collected

aseptically, and inoculated on culture media. Isolates were characterized, and identified, and Antibiotic

susceptibility patterns were determined using the Kirby-Bauer diffusion method. Out of a total of 45

surgical wound specimens analyzed, Staphylococcus aureus was isolated from 33(42.30%), Pseudomonas

aeruginosa, Proteus mirabilis and Escherichia coli from 25(32.90%), 10(12.80%), and 10(12.80%)

respectively. The antibiotic susceptibility of Staphylococcus aureus were; Ciprofloxacin (60%),

Erythromycin (40%), Gentamycin (60%), Streptomycin (60%). Resistance to â-lactam antibiotics was

common among gram negative bacteria. Some isolates of Pseudomonas aeruginosa were resistant to

Gentamycin (18.70%) and Streptomycin (35.70%). It is recommended that antibiotic sensitivity testing

be carried out on all isolates of surgical wounds before chemotherapy to avoid selection of drug resistant

strains. There is need for the introduction of antimicrobial surveillance programs in Nigeria, and other

parts of the world where it does not currently exist.
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INTRODUCTION

Surgical wound infections are those infections

which are confined to the incisional wounds and

involving structures adjacent to the wounds that were

exposed during operation. .[9]

They are divided into the following categories

upon assessment at 30 days post operative surgery. 

a. ncisional surgical wound Infection; this is

superficial and involve only the skin and sub

cutaneous tissue of the incision, with visible signs

of inflammation.

b. Deep Incisional Infections; These are also defined

at 30 days post operative surgery  or at one year,

if organ implant is involved. It involves infection

present in the deep soft tissues of the incision.

c. Organ space Infections; these involve any part of

the anatomy other than the incision itself.[7]

In general, a wound can be considered infected if

purulent materials drain from it, even without

confirmation of positive cultures.

This clinical definition has advantages over culture

based results because; a positive culture does not

necessarily indicate infection. Also, many wounds are

colonized by bacteria, whether infected or not. Infected

wounds may not yield pathogens by culture owing to

the fastidious nature of some pathogens, or if the

patients has received an antimicrobial therapy.[9]

Microorganisms can gain access into a wound

either by direct contact air borne dispersal or by self

contamination. .[13]

Although there is no definitive evidence to

identify the most common route of entry for a wound,

direct contact and poor hand washing techniques of

Health care practitioners during pre and post operative

phases of patient care are considered to be significant

factors. .[11]

The risk of developing a surgical wound infection

is largely determined by three factors: the amount,

type of microbial contamination of the wound and host

susceptibility .[7]

Antimicrobial resistance has been a problem in the

field of surgery, as advances in control of infections

have not completely eradicated the problem of drug

resistance .[10,16]
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The widespread use of antibiotics, together with

the length of time over which they have been available

have led to major problems of resistant pathogens

contributing to morbidity, and mortality. The

antibiotics resistant pathogens are acquired either from

hospital environment or from the skins of infected

patients. . Certain transient organisms such as the[14]

Staphylococcus aureus, the hospital acquired

Methicillin-resistant Staphylococcus aureus (MRSA),

and coliform occur on the skin with other commensals

.[1]

In most developing countries like Nigeria where

Antibiotics are readily available to consumers across

pharmaceutical counters with or without prescription

from medical practitioners, drug resistance is a serious

problem, and such misuse of antibiotics has led to

gross resistance among bacterial organisms.[17]

In this work we reported the findings from a

research work conducted in Abia State University

Teaching Hospital, Aba-Nigeria. The Study was

designed to determine the distribution of bacterial

pathogens isolated from post-operative Wounds, and

their antimicrobial susceptibility patterns.

MATERIALS AND METHODS

Study Area and Study Populations: This Study was

carried out at Abia State University Teaching Hospital,

Aba in Eastern Nigeria. It is the largest Tertiary

Health Institution in Abia State. It has a bed capacity

of four hundred and fifty. A total of Forty-five

specimens were obtained from patients who had

undergone Surgical Operations, and analyzed.

Ethical Considerations: Ethical approval for this

study was obtained from the Committee for medical

Researche of the Teaching Hospital.

Approval followed strict adherence to the Helsinki

declarations of 1964. .[12]

Sample Size and Selection Criteria: Patients with

surgical wounds within four months study periods were

enrolled into the study. Patients were enrolled after

their consents were obtained in a formal way. The

consents of children who were enrolled into the study

were obtained through their parents and guardians.

Sampling Procedures: A questionnaire was used to

obtain data from the patients. The specimens were

collected by pus swabbing using sterile swab stick

(Evepon LTD). The swab specimens were transported

to the Microbiology Laboratory of Abia State

University (ABSU), Uturu-Nigeria, within 1-2 hours of

collection.

Culture of Specimens: Primary smears were made by

heat-fixing pus cells on the sterile microscopic slide,

and gram stained. The Slides were examined with oil

Immersion lens of Olympic Microscopes for pus cells,

bacterial cells, histological indices under high power

field (HPF).

The Specimens were inoculated on Nutrient Agar,

Mackonkey Agar, Mannitol salt Agar, Enriched

Medium (Blood Agar). Plates were thereafter incubated

at 37 C for 2-4days. Primary cultures were subo

cultured using the streaking techniques, and to obtain

p u r e  c u l t u r e .  A l l  p l a t e s  w a s  i n c u b a t e d

microaerophillically.

Identification of Bacterial Pathogens: Pure cultures

on secondary plates were characterized using physical

appearances on selective and differential media.

Biochemical tests such as catalase, coagulase, Oxidase,

Voges- Prauskauer, Hydrogen Sulphide test, Urease,

Methyl red, Indole, Citrate and Sugar utilization tests,

as previously reported by Okereke and Kanu .[8]

Antibiotics Used and Concentrations: A total of

eight (8) antibiotics which represent the most

commonly used antibiotics in the study Area, were

used in this study. The antibiotics were already

prepared into antibiotic Discs and commercially

distributed by OPTUN LABORATORIES LTD, Aba-

Nigeria. Ampicillin  (25µg), Ceftriaxone (25µg),

Ciprofloxacin (25µg)  Nalidixic Acid (15µg),

Norfloxacin (25µg), Gentamycin (30µg), Streptomycin

(30µg), Erythromycin (30µg) 

Antibiotic Susceptibility Testing: Susceptibility testing

was performed by Kirby-Bauer technique. The

antibiotics discs were manufactured by Optun

Laboratories, Nigeria Limited. The discs were

specifically designed and contained appropriate

concentrations of different antibiotics depending on

whether isolate was gram positive or gram negative. A

total of eight antibiotics commonly used in the

Hospital were used for this study. A 0.5ml of peptone

water  culture  of  the  test  organism  was  used to

inoculate on a dry sterile nutrient agar using a sterile

glass rod, and allowed to dry for about 15-30 minutes.

The  Antibiotic  discs  were  placed  on  the  Agar
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using sterile forceps. Each disc was placed far from

each other to avoid their zones of inhibition from

coalescing into the other. These procedure used have

been previously reported by other authors .[4,3]

The different zone sizes were measured and

recorded in millimeters (mm). The zone sizes were

interpreted using the criteria of the National

Committee on Clinical Laboratory Standards. 

RESULTS AND DISCUSSION

A total of 45 patients with surgical wounds were

enrolled for this study. Out of 45 patients studied

31(68.88%) were males and 14(31.11%) were females.

The ages of the study groups ranged from10 Years to

80 Years.

The prevalence of the organisms present in the

wound specimens was studied. Out of 45 surgical

wound specimens examined, Staphylococcus aureus

was isolated from 33 (42.30%), Pseudomonas

aeruginosa from 25 (32.90%) Proteus mirabilis and

Escherichia coli from 10 (12.80%) (Table 1). Studies

showed that out of 20 Staphylococcus aureus isolated

from the surgical wounds, 4 (20%) were resistant to

Ciprofloxacin, as 10 (50%), 8(40%),8(40%), and

12(60%) were resistant to Norfloxacin, Gentamycin,

Streptomycin, and Erythromycin respectively.(Table 2).

Out of 16 isolates of Pseudomonas aeruginosa from

surgical wounds, 16(100%), 10(62.50%), 8(50.00%),

7(43.70%), 6(37.50%), and 2(22.20%) were resistant

to Ampicillin, Ceftriaxone, Gentamycin, Streptomycin,

Ciprofloxacin, and Nalidixic acid respectively. (Table

2).

Out of 9 isolates of Escherichia coli, 9 (100%),

6(66.70%), 5(55.60%), 5(55.60%), 4(44.40%), and

7(77.80%) were resistant to Ampicillin, Ceftriaxone,

Gentamycin, Streptomycin, Ciprofloxacin, and Nalidixic

acid respectively.

Among the 9 isolates of Proteus mirabilis, 9

(100%), 6(66.70%), 5(55.60%), 4(44.40%), 3(33.30%),

and 5(55.60%) were resistant to  Ampicillin,

Ceftriaxone, Gentamycin, Streptomycin, Ciprofloxacin,

and Nalidixic Acid respectively. (Table 2).

Discussions: The result of this research work shows

that Staphylococcus aureus, Pseudomonas aeruginosa,

Escherichia coli, and Proteus mirabilis are associated

with surgical wound infections. Out of 45 wound

specimens examined by culture, Staphylococcus aureus

was isolated from 33 (42.3%), Pseudomonas

aeruginosa from 25(32.90%), P. mirabilis and E. coli

from 10(12.8%). This result showed that S. aureus and

Pseudomonas aeruginosa are the major microbial

pathogens associated with surgical wound infections in

this region of study. This result is consistent with the

CDC-USA data and also reflects data from other

studies. According to CDC, Staphylococcus aureus is

the most prevalent organism associated with surgical

wound infections. Also, according to work done by

AL-Akayleh , it was reported that out of 67 surgical[2]

wound patients examined microbiologically for surgical

wound infection, 51.1% had Staphylococcal surgical

wound infection, while 35.6% had Pseudomonas

aeruginosa infection.

The susceptibility testing of Staphylococcus aureus

showed that out of 20 isolates of S. aureus tested,

16(80%) were sensitive to ciprofloxacin while 4(20%)

were resistant. Also, 10(50%) out of the 20 isolates of

S. aureus were sensitive to Norfloxacin. This result is

in accordance with the work done by where it was

reported that S. aureus isolates were more susceptible

to Ciprofloxacin than Norfloxacin.

Among the Aminoglycosides, 60% of S. aureus

were susceptible to both Gentamycin and Streptomycin,

while the remaining 40% were fully resistant to the

two drugs. However, S. aureus showed increased

resistant (60%) to Erythromycin.

The susceptibility testing of the gram-negative

organisms; E. coli, P. mirabilis and P. aeruginosa

showed that these organisms were highly resistance to

Ampicillin and Ceftriaxone (ß-lactam antibiotics).This

high resistance of organisms to beta –lactam is not

surprising, as these antibiotics are the most abused

drugs in Eastern Nigeria,  Vendors are seen selling

them in Motor parks, and Streets without Doctors

prescriptions.

Similarly, Fluit and Colleagues in Europe, reported

the high resistance of E. coli, P. aeruginosa isolated

from surgical wounds.

Aminoglycosides resistance by P. aeruginosa

isolates was observed. Out of 16 isolates of the

bacterial organisms studied, 8(50%) were resistant to

Gentamycin, while 7(43.7%) were resistant to

Streptomycin. This result is consistent with the data

obtained by Clark et al., , in United States of[5]

America. The scientists collectively reported the

isolation of Aminoglycoside resistant P. aeruginosa,

and added that the resistance is a plasmid determined

type of resistance leading to membrane impermeability.

The quinolones were generally active against the

gram negative bacterial isolates. Ciprofloxacin was

highly active against all gram-negative organisms

examined. However, resistance to Nalidixic acid was

observed among Pseudomonas aeruginosa (56.3%).
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Table 1: Prevalence rates of Bacterial pathogens isolated from surgical wound specimens, in ABSUTH, Aba-Nigeria.

ORGANISMS NUMBER OF SPECIMENS PREVALENCE.

Staphylococcus aureus 45 33(42.30)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas aeruginosa 45 25(32.40)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Proteus mirabilis 45 10(12.80)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Escherichia coli 45 10(12.80)

Numbers in Brackets are in percentages.

Table 2: Antibiotic Susceptibility patterns of Staphylococcus aureus isolated from surgical wounds in ABSUTH, Aba-Nigeria.

Antibiotics Number of Sensitive Organisms Number of resistant Organisms.

Ciprofloxacin(25µg/disc) 16(80) 4(20)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Norfloxacin(25µg/disc) 10(50) 10(50)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gentamycin(30µg/disc) 12(60) 8(4)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Streptomycin.(30µg/disc) 12(60) 8(40)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Erythromycin  (30µg/disc) 8(40) 12(60)

Numbers in brackets are in percentages. Total number of Staphylococcus isolates =20.

Table 3: Antibiotic Susceptibility Patterns of Different Gram –Negative Bacterial Isolates from Surgical Wounds at Absuth, Aba-nigeria.

Antibiotics Pseudomonas aeruginosa N=16 Escherichia coli N= 9 Proteus mirabilis N= 9
------------------------------------ -------------------------------- -----------------------------------
NS NR NS NR NS NR

Ceftriaxone 6 (37.5) 10 (62.50) 3 (33.30) 6 (66.70) 3 (33.30) 6 (66.70)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gentamycin 8 (50.00) 8 (50.0) 4 (44.40) 5 (55.60) 4(44.40) 5(55.60)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Streptomycin 9(56.30) 7(43.70) 4(44.40) 5(55.60) 5(55.60) 4(44.40)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ciprofloxacin 10(82.50) 6(37.50) 5(55.60) 4(44.40) 6(66.70) 3(33.30)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nalidixic Acid 7(43.70) 9(56.30) 2(22.20) 7(77.80) 4(44.40) 5(100)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ampicillin -(0) 16(100) (0) 9(100) (0) 9(100)

NS- Number of Sensitive Organisms. NR- Number of Resistant Organisms. N- Number of Isolates tested. 
The Number in brackets are in percentages

Table 4: NCCLS Inhibition zone Diameter interpretive standards
for Kirby Bauer diffusion Technique

Antimicrobial Agent zones of inhibition (mm)

Ampicillin    (25µg) $ 17
Ceftriaxone (25µg) $ 18
Ciprofloxacin (25µg) $21
Nalidixic Acid (15µg) $19
Norfloxacin (25µg) $17
Gentamycin (30µg) $15
Streptomycin (30µg) $15
Erythromycin (30µg) $15

From this investigation, Ciprofloxacin stands out

to be the most effective antibiotic against pathogens

associated with surgical wound infections.

The observation that the organisms were highly

susceptible to fluoroquinolones group of antibiotic is

not surprising. This is because, these groups of drugs

are usually expensive, thus they are only purchased

using doctor’s prescriptions. It is rather obvious that

Physicians prescribing them cannot compromise the

dosage. This reduces the chances of incomplete

dosage, thereby preventing selection of quinolones

resistant strains of bacterial pathogens.

Antibiotic resistance cuts across other organisms

and groups of antibiotics, as Udo and Edet reported

the isolation of vancomycin resistant Proteus mirabilis,

Escherichia coli among hospital in-patients in South

Eastern Nigeria.

Similarly, Obaseki-Ebor and Salami , reported in[15]

Nigeria the isolation of Ampicillin, and tetracycline

resistant Escherichia coli from Urethritis patients. They

also suggested drug abuse as the possible cause of

these observed resistance.

Also data from this study showed increased

resistance rates to some beta-lactam antibiotics among

gram-negative organisms isolated. The levels of

resistance may vary across hospitals, suggesting that

resistance may largely be a nosocomial problem.
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Nevertheless, the data from this work might not be

extrapolated to smaller hospitals in Eastern Nigeria. If

the results obtained in this study are compared with

result from smaller hospitals, the rates of resistance in

Absuth may appear to be exaggerated.

However, there is big need for antimicrobial

surveillance programs in Nigeria. This will provide

valuable insight on resistance trends and encourage the

prudent use of antibiotics, which is a major factor in

controlling the emergence and spread of microbial

resistance to antimicrobial drugs.
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