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Bacteriological Spectrum of Surgical Wound Infections  
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A B S T R A C T  

Objective: Isolation common bacterial pathogens from surgical wounds 
and there antimicrobial sensitivity & resistance pattern against widely 
used antibiotics. 

Materials and Methods: A total of hundred samples of pus & wound 
swabs were collected from surgical wards of Jinnah Hospital Lahore. 
Samples were cultured on blood and MacConkey agar. Organisms were 

identified on colonial morphology, gram staining, and biochemical tests. 
The antimicrobial susceptibility testing was performed on Mueller-Hinton 
agar by Kirby-Bauer disk diffusion method against isolates. 

Results: Out of 100 cases, 67% (n=67) were male and 33% (n=33) 
were female. Mean age was 31+13 years. Bacterial growth was obtained 
from only 84% (n=84) cases. Among total isolates, Staphylococcus 

aureus was 16.6% (n=14) followed by methicillin-resistant 
Staphylococcus aureus  (MRSA) 8.3% (n=7), and Staphylococcus 

species 5.9% (n=5) Pseudomonas species 22.6% (n=19) followed by 
E.coli 15.4% (n=13), Pseudomonas aeruginosa 10.7% (n= 9), Proteus 
species 8.3% (n=7), Klebsiella species 4.7% (n=4), Acinetobacter 

species 3.5% (n=3), Enterobacter species 2.3% (n=2), and 
Citrobacter species 1.1% (n=1). Tazocin, Sulzone, Cefoperazone, 
Ceftazidime, and Gentamicin were found to be the most effective drugs 

against Pseudomonas species, E.coli and Pseudomonas aeruginosa while 
Aztreonam showed maximum resistance to Pseudomonas species, 
Pseudomonas aeruginosa. Staphylococcus aureus showed resistance 

against Clindamycin, Erythromycin, Cefoxitin and Augmentin. 
Conclusion: Gram negative pathogens are the most common cause of 

post-operative wound infections, with emergence of drug resistance 
against commonly used antimicrobial drugs. 
Key words: Surgical wounds, Bacterial spectrum,  Antimicrobial 

Resistance. 

Introduction  

In spite of modern criteria of preoperative groundwork, 
antimicrobial rophylaxis, and operative procedure, 
postoperative/surgical site wound infections persist as a 
serious threat. Surgical site infections are the third most 
frequently reported nosocomial infections and they 
account for approximately a quarter of all nosocomial 

infections. They have been responsible for increasing 
cost, morbidity and mortality related to surgical 
operations and continues to be a major problem even in 
the hospitals with modern services.1 
Wound infection is the effective invasion and 
proliferation by many microorganisms anywhere in the 

ORIGINAL ARTICLE 

mailto:Mian.scientist@yahoo.com


Annals of PIMS                     ISSN:1815-2287 

 

 Ann. Pak. Inst. Med. Sci. 2016                           67 

body’s sterile tissues, sometimes resulting in pus 
formation.2 Pus is a viscous substance, body’s natural 
immune response system. It is most often whitish-yellow 
in color, while it may also be greenish, brownish, reddish 
or even blue color. Pus often has a necrotic smell and is 
often the sign of an infection when found in a wound.(3)  
Various studies in India have shown that overall 
postoperative infection rate following clean surgeries 
ranged from 3.03% to 4.04% while in those following 
clean contaminated surgeries ranged from 10.06 to 
22.47%. For any given type of operation, the 
development of a wound infection approximately doubles 
the cost of hospitalization .4 
The development of infection in the site depends on the 
complex interaction of many factors.5 These may be 
microbial virulence, patient risk factors like diabetes, 
cigarette smoking, obesity, and equally remote site 
infections or colonization6 and operation-related risk 
factors including prolonged hospital stay before surgery, 
duration of the operation, tissue trauma, poor homeostasis 
and foreign materials in the wound. The factors which 
strongly influence to wound infections include previous 
illness length of stay in hospital and immune status of 
patient. The potential sources of postoperative infections 
for the patients are hospital environment, food, other 
patients, staff, infected surgical instruments, dressings 
and even drugs and injections.4 
The pathogens isolated from infections differ depending 
on the underlying problem, location and type of surgical 
procedure.The wound can be infected by a variety of 
microorganisms which includes gram-negative and gram-
positive bacteria(7) Gram-negative bacteria which are 
frequently isolated pathogens in pus samples and wound 
swabs includes Pseudomonas species, Klebsiella species, 
Escherichia coli and Proteus species. Most pseudomonas 
that is known to cause disease in humans is associated 
with opportunistic infections. These are most commonly 
isolated organisms in infectious pus samples.8 

Pseudomonas aeruginosa has been associated with varied 
nosocomial infections like skin and soft tissue infections 
in immune-compromised individuals. 
 Klebsiella species are opportunistic pathogens involves 
in nosocomial outbreaks among adults and pediatric 
population. Common sites of infection are surgical sites. 
They may colonize sterile wounds.  
Escherichia coli are a major facultative resident of the 
large intestine. Escherichia coli are most common cause 
of many surgical wound infections, especially after 
Appendicitis and Laparotomy.  

Proteus species is found in many environmental habitats, 
including long-term care services and hospitals. 
Staphylococcus aureus is a group of gram positive 
bacteria that are most commonly isolates in surgical site 
infections can cause a number of diseases as a result of 
infection of many tissues of the body. It frequently causes 
skin and soft tissue infections. 
Less commonly isolated pathogens in pus samples are 
Acinetobacter, its infections usually occur in intensive 
care units and healthcare settings housing very ill 
patients. Enterobacter is other less commonly isolated 
pathogens in pus samples. Citrobacter accounted for 2% 
of total nosocomial infections.  Nosocomial outbreaks are 
mainly due to gastrointestinal and hand carriage by 
hospital staffs. 9 
To save from harm of bacterial infection today the best 
option is appropriate and in time antibiotic treatment. 
Laboratory isolation and susceptibility testing of 
organisms help us to establish a diagnosis and selection 
of suitable antibiotics. Antimicrobial resistance can 
increase due to use and selection of antibiotics associated 
with procedures and treatment. The control of wound 
infections has become more challenging due to 
widespread bacterial resistance to antibiotics.10 

Materials and Methods 
Ethical approval : Study protocol was approved from 
institutional ethical board. 
Study setting & duration: The present study was carried 
out on the patients admitted in surgical wards of Jinnah 
Hospital Lahore, Punjab Pakistan and conducted in 
microbiology laboratory Pathology Department of 
Allama Iqbal Medical College Lahore Pakistan. During 
the period of 07 months from January 2016 to July 2016.  
Inclusion Criteria: All patients were included from 
surgical wards with wound infection, Inclusion of all age 
groups, both male and female.  
Exclusion Criteria: Include Improper labeling of 
samples, old/stored sampling, Pus from non-surgical 
cases, Data collection was done from Patient case sheet, 
medication chart, by patient interview. 
Specimen’s collection: Specimens of pus and wound 
swabs were collected using sterile cotton swab sticks. 
Moistened the swab with sterile saline before taking a 
sample and used a “zig -zag” motion while 
simultaneously rotating between the fingers. The sample 
was taken from the whole wound surface.  
Specimen’s transportation: Specimens were kept 
straight into the Amies transport medium.  Swabs were 
carefully labeled with the date, name and patient ID and 
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delivered to the laboratory for further identification and 
susceptibility testing. 
Bacterial Culture:  Every sample was streaked on Blood 
agar and MacConkey agar by first making the primary 
inoculums and then streaking out using sterile wire loop 
to give discrete colonies. The plates were incubated at 
37°C for 24 hours. The growth obtained after overnight 
incubation.  
Bacterial identification: Bacterial identification was 
accessed visual colonial morphology were noted i.e. size, 
shape, color, margin, pigment production of colonies. For 
gram positive cocci selected colonies was further 
confirmed by catalase and coagulase. Staphylococcus 
aureus gives positive catalase and coagulase test. 
Staphylococcus species were catalase positive and 
coagulase negative. Streptococcus species were catalase 
negative. Some strains of gram negative rods show 
hemolysis and Proteus species give characteristics 
warming on blood agar plate with a fishy odor. 
MacConkey agar is differential media for 
Enterobactericae which includes lactose and non-lactose 
fermenter. Lactose fermenter was E.coli, Klebsiella and 
Enterobacter give mucoid, pink colonies. Colonies of 
E.coli were smooth pink and 2-3 mm in diameter while 
Klebsiella species were highly mucoid raised colonies 3-
5 mm in diameter after overnight incubation. Non- 
lactose fermenters were Proteus species which shows 
colorless colonies and Acinatobacter produced cocco-
bacillary morphology shiny colorless colonies. 
Acinatobacter were non-motile, oxidase and nitrate 
negative Citrobacter were late lactose fermenters all 
species identified by glucose fermentation and gas 
production. Other isolates were Pseudomonas aeruginosa 
and Pseudomonas species give sticky, mucoid, pale and 
slightly greenish tinge with fruity smell. For gram 
negative rods selected colonies were further confirmed by 
catalase and oxidase. Pseudomonas aeruginosa and 
Pesudomonas species were catalase and oxidase positive. 
Enterobactericae were catalase positive and oxidase 
negative. Further confirmation was done by biochemical 
test.11, 12 
Antibacterial susceptibility testing: Antibacterial 
susceptibility testing was done on Mueller-Hinton agar 
by using modified Kirby-Bauer Disk Diffusion method. 
The discs of Antibiotics were tested against gram positive 
bacteria and against gram negative bacteria and 
Aztreonam was an additional drug used selectively for 
Pseudomonas aeruginosa and Pseudomonas species11 

Data presentation & statistical analysis : Data 
collected through preformed questionnaire was entered 
into Statistical Package for Social Sciences (SPSS 
version 17). After entering the data it was analyzed 
descriptively and analytically. 

Results  
A total of 100 post-surgical pus samples were 70% 
(n=70) and wound swabs 30% (n=30) were collected 
from different wards, of Jinnah hospital, Lahore Pakistan. 
Mean age of wound infected patients was 31+13 years 
(Table I).  
Maximum patients were from surgical wards 76% 
(n=76), followed by orthopedic wards 18% (n=18), and 
gynecology wards 6% (n=6). Amongst these wound 
infected patients 92% (n=92) were already taking 
antibiotics while in 8% (n=8) there was no antibiotic 
intake.  
Out of total of 100 clinical samples of pus and wound 
swabs, growth was detected in 84% (n=84) samples. Out 
of which 29.7% (n=25) were gram positive and 70.2% 
(n=59) were gram negative bacteria (Figure # 01).  
Table 0I:  showed gender based distribution of study 
population, 67% (n=67) were male and 33% (n=33) were 
female.  

Figure1. Frequency of gram positive and gram negative 
isolates 

Among total isolates, Staphylococcus aureus  was 16.6% 
(n=14) followed by methicillin-resistant Staphylococcus 
aureus  (MRSA) 8.3% (n=7), and Staphylococcus species 
5.9% (n=5) Pseudomonas species 22.6% (n=19) followed  

Table I: Gender versus age distribution of study population 
Factors Distribution in study population (n=100) 

Number of patients Percentages 
Gender  

Male 67 67.0% 
Female 33 33.0% 

Age groups  
< 30 years 61 61.0% 
> 31  years 39 39.0% 

Mean age = 31.83 SD = 13.69 years 

25

59
Gram Positive Bacteria 
Gram Negative 
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by E.coli 15.4% (n=13), Pseudomonas aeruginosa 10.7% 
(n= 9), Proteus species 8.3% (n=7), Klebsiella species 
4.7% (n=4), Acinetobacter species 3.5% (n=3), 
Enterobacter species 2.3% (n=2), and Citrobacter species 
1.1% (n=1).(Table II). 
 Staphylococcus aureus  showed maximum sensitivity to 
Vancomycin and Teicoplanin 100% followed by 
Augmentin 78% Erythromycin, Clindamycin, 
Ciprofloxacin, and Sulzone shows same sensitivity 52%  
and other antibiotic shows less sensitivity.  
Staphylococcus species exhibits maximum sensitivity to 
Augmentin 60% followed by Erythromycin and 
Clindamycin 40%. Pseudomonas species exhibits 
maximum sensitivity to Augmentin 60% and Aztreonam  
47%. Pseudomonas aeruginosa was most sensitive to  
Tazobactam 46% and Aztreonam 48%.  E.coli was most 
sensitive to Meropenem 100% followed by both 
Gentamicin and Amikacin 50%. Klebsiella species shows 
the same sensitivity to Cefoperazone, Ceftazidime and 
Sulzone 66%. Citrobacter species shows 100% 

sensitivity to Gentamicin, Amikacin and Meropenem. 
Enterobacter species exhibits 100% sensitivity to 
Cefoperazone and Ceftazidime. Acinetobacter species 
shows maximum sensitive to Gentamicin and Amikacin 
66%. Proteus species exhibits 57% sensitivity to 
Meropenem, and 42% for Gentamicin. (Table III) 
Staphylococcus aureus  shows maximum resistance to 
Gentamicin 71% followed by Cefoperazone 61%, 
Ceftazidime 61%, Cephradine 61%, and Ciprofloxacin 
52%, Sulzone 52%, Erythromycin 47% and Clindamycin 
47%. Staphylococcus species shows 100% resistance to 
Cefoperazone, Ceftazidime, Gentamicin, Ciprofloxacin 
and 80% to Cephradine. Pseudomonas species displays 
maximum resistance to Sulzone 82% followed by 
Cefoperazone 73% and Ceftazidime 73%. Pseudomonas 
aeruginosa exhibits 100% resistance to Ciprofloxacin and 
Ofloxacin. E.coli shows most resistant to Sulzone 92% 
followed by Gentamicin 84%, Cefoperazone 88%, 
Ceftazidime 88% Amikacin 84% and Augmentin 80%.  
species and Citrobacter show highest resistance 100% to 

Table III: Antibiotic Sensitivity Patterns of Clinical Isolates From Pus Sample 
Bacterial 
isolates 

AMC 
% 

CX 
% 

VAN 
% 

TEI 
% 

E 
% 

CD 
% 

CH 
% 

CPZ 
% 

CAZ 
% 

GEN 
% 

CIP 
% 

TZP 
% 

SCF 
% 

AZT 
% 

AK 
% 

OFX 
% 

MEM 
% 

Staphylococcus 
aureus  

78 93 100 100 52 52 36 93 92 31 52 42 52 _ _ _ _ 

Staphylococcus 
species 

60 _ 100 100 40 40 _ 0 0 35 0 0 70 _ _ _ _ 

Pseudomonas 
species 

60 _ _ _ _ _ _ 29 29 16 35 11 17 47 16 35 17 

Pseudomonas 
aeruginosa 

0 _ _ _ _ _ _ 33 33 0 0 46 11 48 0 0 33 

E.coli 20 _ _ _ _ _ _ 16 16 50 33 0 8 _ 50 33 100 
Klebsiella 
species 

0 _ _ _ _ _ _ 66 66 0 0 0 66 _ 0 0 100 

Citrobacter 65 _ _ _ _ _ _ 0 0 100 0 100 0 _ 100 0 100 
Enterobacter 0 _ _ _ _ _ _ 100 100 50 50 50 50 _ 50 0 50 

Acinetobacter 0 _ _ _ _ _ _ 0 0 66 33 33 0 _ 66 33 0 
Proteus species 30 _ _ _ _ _ _ 14 14 42 0 28 14 _ 0 0 57 

Table II: Frequency of different isolated pathogens 
Bacterial pathogens Surgical 

Unit 
Cardiac 
surgery 

Gynecology ENT Urology Orthopedic Plastic 
surgery 

Frequency 

Staphylococcus aureus  9 3 1 - - - 1 14 
MRSA 5 1 - 1 - - - 7 
Staphylococcus species 3 - - - 1 - 1 5 
Psuedomonas spp 6 2 - - 2 6 3 19 
E.coli 8 - 2 - 1 1 1 13 
Pseudomonas aeruginosa 4 2 - - 2 - 1 9 

Proteus  species 5 - - - 2 - - 7 

Klebsiella  species 2 1 - - 1 - - 4 
Acinetobacter  species 2 1 - - - - - 3 
Enterobacter 1 - - - 1 - - 2 
Citrobacter  species 1 - - - - - - 1 

Total 46 10 03 01 10 07 07 84 
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Augmentin, Gentamicin, Ciprofloxacin, Ofloxacin and 
Amikacin. Enterobacter species shows 100% resistance 
to Cefoperazone, Ceftazidime, Gentamicin, Amikacin, 
Ofloxacin and Ciprofloxacin. Acinetobacter species 
displayed high resistant 100% to Cefoperazone, Sulzone 
and Meropenem. Proteus species was 100% resistant to 
Amikacin, and Ofloxacin. (Table IV) 

Key Of Antibiotic Discs, 
AK Amikacin,   AMC Augmentin,       AZT Azetronam  
CAZ Ceftazidime,  CD Clindamycin,     CH  Cephradine 
CIP Ciprofloxacin, CPZ Cefoparazone,  CX Cefoxitine, 
E  Erythromycin, GEN Gentamicin,      MEM Meropenem , 
OFX Ofloxacine, SCF Sulzon,        TEI Teicoplanin, 
TZP Tazocin, VAN Vancomycin 

Discussion 
Antimicrobial agents are used empirically to limit the 
episode of illness. Empirical antimicrobials are based on 
the susceptibility pattern of the pathogens isolated in a 
specific institute from time to time.13 Post-Surgical 
wound infection is a serious complication which causes 
significant postoperative morbidity and mortality. 
Surgical wound infections account for one third of 
nosocomial infections among patients.  
In the present study, we observed the bacterial spectrum 
in pus and wounds swabs from surgical site infection. We 
were able to isolate 84 pathogens from 100 samples 
indicating a very high incidence of post-surgical wound 
infection. 
A similar study conduscted by Abdulall et al.,14 from 
India reported 79% infection rate among post-surgical 
wound samples. Hanumanthappa P et al.15 in their study 
found the comparatively low rate of surgical wound 
infection which was 64%. It may due to better hygienic 
conditions and proper sterilization techniques in the 
hospital. 
Among total isolates 70.2% (n=59) were gram negative 
and 29.7% (n=25) were gram positive bacteria. 
Staphylococcus aureus 20.2% and Pseudomonas spp. 

22.6%. According to Hanumanthappa Pet al.15 out of 
total 149 isolates from 96 culture positive cases, 71.8% of 
isolates were Gram negative bacilli and 28.2% were 
Gram positive cocci Staphylococcus aureus  16.1% and 
Pseudomonas species 18.1%. 
Similarly, Ravichitra Ket al.,16 proved that common 
bacterial pathogens isolated from the pus samples were 

gram positive cocci Staphylococcus aureus  in their 
study. Khullar Set al.1) Reported E. coli 32/111, 
Pseudomonas aeruginosa 18/111 and Staphylococcus 
aureus  17/111.  
Present study reported MRSA 8.3% among total isolate 
and 33.3% among staphylococcus isolates. similarly  
Hussain et al.,18 reported 24.0% MRSA in wound 
samples. High rate in present study is alarming sign of 
hospital acquired infections,  therefore to reductions of 
these infections from health care centers can be possible 
by performing microbiological surveillance of different 
wards in hospitals after every 6 months on regular basis. 
This will help in formulating and developing more 
effective antibiotic policies and infection control 
practices.19  
Widespread antibiotic usage exerts a selective pressure 
that acts as a driving force in the development of 
antibiotic resistance. As resistance develops to “first-line” 
antibiotics, therapy with new, broader spectrum, more 
expensive antibiotics increases but is followed by 
development of resistance to the new class of drugs.20 
Our study showed that 78.6% resistance to Augmentin, 
especially by Staphylococcus aureus . All Staphylococcus 
aureus  isolates were 100% sensitive to Vancomycin and 
Teicoplanin. Similarly Saeed M et al , reported high 
sensitivity and specificity of Vancomycin and 
Teicoplanin against Staphylococcus aureus. 13 Khullar S 
et al.,(17) conducted a studied on antibiotic susceptibility 
pattern in post-operative wounds. Augmentin was found 
to be less effective against almost all the clinical isolates, 

Table: IV Antibiotic Resistance Patterns Of Clinical Isolates From Pus Sample 
Bactrial isolates AMC VAN TEI CX E CD CH CPZ CAZ GEN CIP TZP SCF AZT AK OFX MEM 
Staphylococcus aureus  78 0 0 7 47 47 61 61 61 71 52 38 52 _ 0 _ _ 

Staphylococcus species 40 0  _ 40 40 80 100 100 100 100 0 30 _ 0 _ _ 
Pseudomonas species 10 _ _ _ _ _ _ 73 73 68 68 10 84 57 68 68 82 
Pseudomonas 
aeruginosa 

11 _ _ _ _ _ _ 66 33 55 100 11 55 44 55 100 66 

E.coli 80 _ _ _ _ _ _ 88 88 84 62 0 92 _ 84 69 0 
Klebsiella species 100 _ _ _ _ _ _ 50 50 100 100 0 33 _ 100 100 0 
Citrobacter 100 _ _ _ _ _ _ 0 0 100 100 0 100 _ 100 100 0 
Enterobacter 0 _ _ _ _ _ _ 100 100 100 100 50 50 _ 100 100 50 
Acinetobacter 0 _ _ _ _ _ _ 100 0 33 66 33 100 _ 33 66 100 
Proteus species 70 _ _ _ _ _ _ 85 14 57 100 28 85 _ 100 100 42 



Annals of PIMS                     ISSN:1815-2287 

 

 Ann. Pak. Inst. Med. Sci. 2016                           71 

similarly, Hanumanthappa P et al,15 reported in their 
study that All Staphylococcus aureus  including MRSA 
were sensitive to Vancomycin and resistant to 
Augmentin.  
Hanumanthappa Pet al.15 studies that all Gram negative 
isolates were sensitive to Imipenem and 75.7% of them 
were sensitive to Amikacin. Our study indicated almost 
all Gram negative isolates were almost sensitive to 
Imipenem and 50% Sensitive to Amikacin. This study 
shows that Tazobactam was most effective against all 
clinical isolates. Our study shows Citrobacter species 
was 100% sensitive to Tazobactam and most sensitive 
against all bacterial isolates. Augmentin was found to be 
resistant 80.0% especially against E.coli. This study was 
almost parallel with our present study in antibiotic 
susceptibility pattern.  
Randrianirina Fet al.,21 mentioned that frequencies of 
resistance were high, particularly in Enterobacteriaceae. 
The percentages of isolates susceptible to Ceftazidime 
were 81.8% for E. coli, 60.9% for Klebsiella spp, and 
52.5% for Enterobacter species. High resistance among 
Enterobactericae and Staphylococcus aureus  resistance 
to Augmentin 84.4% was moderate. It contradicts with 
present study. 

Conclusion 
Increasing burden of post-surgical wound infections is an 
alarming sign. It is deduced that among infected patients 
Staphylococcus aureus , Pseudomonas species, and 
E.coli were most common pathogens with the emergence 
of drug resistance.  
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