Microbiology of wound infections among Patients in
Erbil City
Research Project
Submitted to the Department of Biology in partial fulfilment of the
requirements for the degree of BSc. in Biology

BY:
Marwan Ismahel Qadr
Supervised by:
Asst. Prof. Dr. Suhaila Nafee Darogha

May - 2020

SUPERVISOR CERTIFICATE
This research project has been written under my supervision and has been
submitted for the award of the degree of BSc. in Biology with my approval as a
supervisor.

Signature:
Name: Dr. Suhaila Nafee Darogha
Date: May, 2020
I confirm that all requirements have been fulfilled
Signature:
Name: Assist. Prof. Dr. Saeed Omer Ibrahim
Head of the department of biology
Date: May, 2020

II

DEDICATION
This work is dedicated to
My Parents
My friends

All whom I appreciate

Marwan

III

ACKNOWLEDGEMENTS

I would like to thank Allah for his blessing virtues to implant the soul
of endurance and faith in myself for completing this study. Also, I have
no appropriate words that fully express the immense indebtedness and
deep gratitude I owe to my worthy learned research supervisor Dr.
Suhaila Nafee Darogha for her keen interest, admirable, inspiring
behavior and valuable knowledge which she contributed in this work in
multitude ways. Whenever I needed she was there near me and always
strayed me out from the disaster.

Marwan

IV

SUMMARY
Wound infection plays an important role in the development of chronicity,
delaying wound healing. This study aimed to identify causative agents of wound
infections. Fifty nine wound swab samples were collected from 59 patients and
analyzed for the isolation and identification of microorganisms from June to
December 2019. The results showed that only 16 (27.11%) were showed no growth
while the remaining wound swabs, 43 (72.88%), were considered infected and one
or more microbial species with clinical importance were isolated from them. Rates
of isolation of Gram-negative and Gram-positive were 55.81% and 37.20%,
respectively. A total of 19 species were isolated from 43 infected wounds. The most
common bacterial species detected was Pseudomonas aeruginosa and Escherichia
coli followed by Klebseilla pneumonia and Acinetobacter baumanni, Dimicrobial
infection was found in 4/43 (9.3%) while Monomicrobial isolates represent 39/43
(90.7%) of the samples.
Key words: wound infection, gram positive bacteria, gram negative infection, fungal infection

V

TABLE OF CONTENTS
Title

Page

SUPERVISOR CERTIFICATION……..……………………….II
DEDICATION……………………………………………………III
ACKNOWLEGEMENT….………………………………………IV
ABSTRACT……………………………………………………… V
TABLE OF CONTENT………….……………………………… VI
LIST OF TABLES AND FIGURES…………………………… VII
1. INTRODUCTION……………………………………………......1
2. LITERATURE REVIEW………………………………………..3
2.1 Wound……………………………….…………………………..3
2.2 Types of wound…………………..……………………………..4
2. 2.1 Acute wound…………………………………………………4
2.2.1 Chronic wound……....…………………………………….....4
2.3 Wound infection ……………………………………………….5

VI

2.4 Pathogenesis of wound infection………………………………6
2.5 Diagnosis of wound infection…………………………………..7
3.METHODOLOGY ………………………………………………9
4.RESULTS AND DISCUSSION ……………………………......10
5. CONCLUSSION………………………………………………..16
6. REFERENCES…………………………………………………17

VII

LIST OF TALES
Title

Page

Table 1: Growth patterns in total samples. ………………………………10
Table 2: Number and percentage of gram positive, gram negative
Bacteria isolates and Candida spp. ……………………………..11
Table 3: Distribution of wound infection according to gender………….12
Table 4: Distribution of bacterial isolates………………………………..12
Table 5: Distribution of Candida spp. ……………………………………13
Table 5: Growth pattern of Monomicrobial and dimicrobial isolates
In wound swabs………………………………………………….15

VIII

INTRODUCTION

1. INTRODUCTION
The primary function of intact skin is to control microbial populations that live
on the skin surface and to prevent underlying tissue from becoming colonized and
invaded by potential pathogens (Ndip et al., 2007). Exposure of subcutaneous tissue
following a loss of skin integrity (i.e. wound) provides a moist, warm, and nutritious
environment that is conducive to microbial colonization and proliferation. Since
wound colonization is most frequently poly-microbial, involving numerous
microorganisms that are potentially pathogenic, any wound is at some risk of
becoming infected (Dai et al., 2010).
Wound infection is defined as the presence and growth of microorganism in
wound (Bowler et al., 2001). Infection of wound results in discharge of pus formed
(Collier, 2002). Pus is an exudates, typically white yellowish fluid that forms by the
process of necrosis (Bowler et al., 2001). Development of wound infection depends
on the interplay of a many factors; the breaking of the host protective layer, the skin,
and muscles. This disturbance in the protective layer induces many cell types into
the wound to initiate host response (Collier, 2002).
Wound infections are one of the most common hospital acquired infections and
are an important cause of morbidity and account for 70-80% mortality (Gottrup et
al., 2005). Wound infections may be endogenous or exogenous. Endogenous
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infections or auto Infections are caused by organisms that have been leading a
commensal existence elsewhere in the patient s body. In exogenous infection the
source of infecting organism is outside the body of patient who becomes infected
(Wilson et al., 2004).
A number of bacteria may potentially cause wound infection which includes
Gram positive bacteria involving Staphylococcus aureus, Enteococcus faecalis and
other β-hemolytic Streptococci. Gram negative bacteria involving aerobic rods,
Pseudomonas aeruginosa, and facultative rods, including Escherichia coli,
Enterobacter spp., Klebsiella spp., Proteus spp. etc. and some anaerobes like:
Clostridium spp., Bacteroides spp. etc are involved in wound infection (Coller,
2004).
Wound healing needs a good healthy environment so that the normal
physiological process will result in a normal healing process with minimal scar
formation. One of the most important strategies to keep the process of healing
ongoing is to sterilize damaged tissue from any microbial infection (Al-Waili et al.,
2011).
The aim of the present study was to find out common bacterial pathogens
responsible for wound infection.
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LITERATURE REVIEW

2. LITERATURE REVIEW
2.1 Wounds
A wound is a break in the integrity of the skin or tissues, which may be
associated with disruption of the structure and function. Another way, a wound may
be defined as disruption of the normal continuity of bodily structures due to trauma,
which may be penetrating or non-penetrating (Al-Tameemi et al., 2013).
Development of wound infection depends on the many factors including preexisting
illness, length of operation, wound class and contamination (Razavi et al., 2005).
Infection of the wound is the invasion and proliferation by one or more species of
microorganisms sometimes resulting in pus formation (Mohammed et al., 2013).
Wound can be infected by a variety of microorganisms ranging from bacteria to
fungus and parasites (Bowler et al., 2001).
Wounds are commonly encountered in plastic surgical practice and constitute a
significant source of physical, psychological, and economic burden to patients in
particular, and the society at large in terms of the huge resources spent in treating
such wounds as well as time/days lost at workplaces. Clinically, wound may be
categorized as acute or chronic based on the duration of their existence, 6 weeks
usually the dividing line (Gurtner and Wong, 2007).
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2.2 Wound types
Wounds are broadly classified as being either acute or chronic.
2.2.1 Acute wounds
Acute wounds are caused by external damage to intact skin and include surgical
wounds, bites, burns, minor cuts, abrasions, lacerations and those caused by crush
or gunshot injuries (Flanagan, 1998). Acute wound infection is initially identified by
the presence of clinical signs and symptoms of infection such as: pain, erythema,
localized edema, heat and purulence (Stotts and Hunt, 1997). Assuming a relatively
healthy host, acute wounds heals within a predictable time frame, progressing
through a reparative process of coagulation, inflammation, proliferation or
regeneration, maturation, and re-modelling (Enoch and Harding, 2003; Schultz et
al., 2003; Sibbald et al., 2003). The variance in the time frame occurs according to
the type, anatomical location and the depth of the wound (Bowler et al., 2001).

2.2.2 Chronic wounds
Chronic wounds are usually caused by endogenous mechanisms associated with
predisposing conditions that compromise the integrity of the dermis and epidermis.
Pathophysiological conditions such as arterial disease, venous disease, malignancy,
and diabetes mellitus may predispose an individual to the development of chronic
wounds such as leg ulcers, foot ulcers, malignant wounds, and pressure ulcers (Dow,
2003). In chronic wounds clinical signs of covert infection include: serous exudate,
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delayed healing, discoloration of granulation tissue, pocketing at the wound base,
malodor, and friable granulation tissue (Schultz et al., 2003).

2.3 Wound infections
Wound infection is defined as “The deposition and multiplication of bacterial
or fungal in tissue with an associated host reaction” Wound infection occurs when
there is replication of one or more microorganisms in a wound, which provokes a
series of local and systemic host responses that leads to a delay in wound healing
(Bowler et al., 2001; Sibbald et al., 2003). Typical features are cellulitis (spreading
erythema) and purulent exudate. The time it takes for wound to convert to colonize
to an infected wound is difficult even for the expert clinician to determine at the
bedside. A wound can be initially colonized with pathogenic bacteria without
inducing host injury, as the bacteria replicate covert infection results (Dai et al.,
2010). A covert wound infection may not entail significant tissue invasion, yet will
include sufficient injury at the wound-host interface to impair wound healing.
Ultimately the opportunistic pathogenic bacteria replicate further with local invasion
of the soft tissue (overt wound infection), or systemic dissemination (sepsis) (Dow
et al., 1999).
Wound infection is directly related to the host’s ability to resist infection, the
number and virulence of the organisms. Bacterial infections of wounds are among
the leading causes of morbidity and mortality throughout the world and are regarded
as one of the most common nosocomial infections. Wound infections have been
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reported to vary between 3 and 11% in developed countries and estimated to be as
high as 40% in developing countries. Wound infections increase with the degree of
wound contamination, and it is estimated that 50% of wounds contaminated by
bacteria become clinically infected (Ducel et al., 2002; Taiwo and Okesina, 2002).
Infection in wound constitutes a major barrier to healing and can have an adverse
impact on the patient’s quality of life as well as on the healing rate of the wound.
Infected wounds are likely to be more painful, hypersensitive and odorous, resulting
in increased discomfort and inconvenience for the patient (Kotz et al., 2009).
The prevalent organisms that have been associated with wound infection
include Staphylococcus aureus (S. aureus) which from various studies have been
found to account for 20-40% and Pseudomonas aeruginosa (P. aeruginosa) 5-15%
of the nosocomial infection, with infection mainly following surgery and burns.
Other pathogens such as Enterococci and members of the Enterobacteriaceae have
been implicated, especially in immune compromised patients and following
abdominal surgery (Taiwo and Okesina, 2002).
2.4 Pathogenesis of wound infection
Physiological responses to microbial pathogens varies greatly in acute and
chronic wounds. In the acute wound environment, the invasion of pathogenic
pathogens stimulates the host’s immune system and provokes an inflammatory
response. This is initiated by the release of cytokines and growth factors. This initial
inflammatory reaction produces vasodilatation and an increase in blood flow to the
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area of injury (Stotts, 2000). Increased vascular permeability permits the entrance of
neutrophils and macrophages to phagocytose the invading organisms. Lymphocytes
release lymphokines that recruit neutrophils and monocytes to the area of injury.
There is an increase in exudate due to the increase in permeability and number of
cells recruited to the area. Antibodies are activated if the individual has had previous
exposure to the same organism. Collectively they remove microorganisms, foreign
debris, bacterial toxins, and enzymes (Dow et al., 1999).
In chronic wounds the continuous presence of virulent microorganisms can lead
to host injury by prolonging the inflammatory response. There is a persistent
production of inflammatory mediators such as prostaglandin E2 and thromboxane
together with a steady influx of neutrophils, which release cytolytic enzymes and
free oxygen radicals Vasoconstrictions metabolites and localized thrombosis can
lead to further replication of pathogens and tissue destruction. The increase in
bacterial numbers can cause depletion of complement and platelets (Laato et al,
1988; Kotz et al., 2009).

2.5 Diagnosis of wound infection
In acute wounds it is recognized that the invasion of bacteria into the
surrounding tissue provokes a sequence of systemic and local host responses. Left
untreated sepsis, multi-organ failure and death can occur (Dow et al., 1999; Enoch
and Harding, 2003). Overt signs of infection include cellulitis (erythema and local
heat), pain, swelling, and purulent discharge. Identified additional criteria for
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identifying infection in open wounds including; delayed healing, discoloration,
friable granulation tissue which bleeds easily, unexpected pain/tenderness,
pocketing at base of wound, bridging at base of wound, abnormal smell (Bowler,
2003; Carville et al., 2008).
Wound swab culture is the most frequently employed method of confirming
wound infection. Properly performed wound swab cultures provide useful data to
augment diagnostic and therapeutic decision making (Bonham et al., 2009). Many
ongoing studies reported a pre-dominance of Gram-negative aerobes over Gram
positive bacteria in these specimens. It is of significant importance in health care
system because, in the routine practice of management of wound infections,
surgeons / physicians mostly prescribe the antibacterial coverage of Gram positive
bacteria and the anaerobes (Banashankari et al., 2012).
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METHODOLOGY
3. METHODOLOGY
A retrospective, record based study was carried out in Rizgary Teaching
hospital in Erbil city of Iraqi Kurdistan Region. The study was carried out based on
the records of Culture reports of patients admitted to this hospital, during seven
months from June to December of the year 2019. The study was conducted on the
data of gram negative and positive bacteria and fungi isolated from total of 59 wound
swabs taken from 28 male and 31 female. The wound swabs received were processed
following standard microbiological procedures. The colonies grown were identified
with the help of colony characteristics, Gram staining and biochemical test. Pure
colony of each type was identified by VITEK 2 directly (Niranjan et al., 2014).
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RESULTS AND DISCUSSION
4. RESULTS AND DISCUSSION
Bacterial contamination of wounds is a serious problem in the hospital
especially in surgical practice where the site of a sterile operation can become
contaminated and subsequently infected (Pondei et al., 2013).
Among 59 study subjects, bacterial pathogens were isolated from 43 patients
with the isolation rate of 72.88%., while 16 (27.1%) were showed no growth as
showen in Table (1). This was higher than the previous study done in Gondar (52%),
Bahir Dar (53%), and Addis Ababa (42%), Ethiopia (Mulu et al., 2006; Biadglegne,
et al., 2009; Kibret and Abera, 2011). This high rate of bacterial isolation in the
present study may be due to the differences of the quality of wound swab specimens
and bacteriological techniques. On the other hand the type of wound pathogens and
their rate of isolation in these findings were found to be lower than studies done in
India (79%) and Nigeria (94%) (Wariso and Nwachukwu, 2003; Valarmathi et al.,
2013).
Table 1. Growth pattern in total samples
Growth
Growth cultures
No growth cultures
Total

Number
43
16
59

Percentage
72.88
27.11
99.99

The current findings showed that the rates of isolation of Gram-negative and
Gram-positive were 55.81% and 37.20%, respectively. This was in agreement with
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studies done in Zaria, Nigeria, 55% and 44%, respectively (Garba et al., 2012).
However, the present result is different from the previous report from Gondar
University Hospital, Ethiopia (29% versus 71%) (Mulue et al., 2006).
The present findings show higher rates of isolation of Gram negative wound
pathogens from the same area. This high rate of Gram-negative and low rate of
Gram-positive isolates from wound in the same area may be due to high number of
cases included from inpatients in the present study compared to out patients. This
may probably contribute high number of Gram-negatives than Gram-positives
(Mohammed et al., 2017).
Table 2.Number and percentage of gram positive, gram negative bacteria isolates and
Candida spp.
Microorganisms
Gram positive bacteria
Gram negative bacteria
Candida spp.

Number
16
24
5

Percentage
37.20
55.81
11.62

The occurrence of higher number of male patients than female patients for the
collection of wound samples may be due to the higher involvement of males in
physical outdoor works for earning livelihood as compared to females and more
chances of accidents during the activities. A study carried out in three hospitals
(Federal Medical Centre, Owerri, Imo State University Teaching Hospital, Orlu and
General Hospital, Okigwe) by Ohalete et al. (2010) also supported the result of the
present study who reported that the males (59.3%) were more prone to wound
infection than females (40.7%). The higher growth positive cases in male patients
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(58.8%) than in female (44.2%) was observed in this study (Table 3), and was
supported by the similar study carried out by Shrestha (2013).
Table 3: Distribution of wound infection according to gender.
Gender

Number

Percentage

Male

24/28

55.8

Female

19/31

44.2

Total

43/59

100

The results of the present study showed that nineteen different microbial species
were isolated; 24 (60%) were Gram-negative bacteria, 16 (40%) were Gram-positive
bacteria and 5 (11.62) were Candida spp. The most predominant gram negative
bacteria detected were Pseudomonas aeruginosa and E. coli 6/45 (15% for each of
them), followed by Klebseilla pneumonia 5/45 (12.50%), Acenetobacter baumannii
(10.00%), Proteus mirabilis, Enterobacter cloacae and Morganella morganii
(2.50% for each one). Among gram positive bacteria, Staphylococcus intermedius
was the most predominant species with 4 (10.00%) of total isolates followed by
Staph. haemolyticus (7.50%), Staph. epidermidis and Streptococcus agalacticae
(5.00%),and only one isolates (2.50%) were for Staph. saprophyticus, Enterococuus
faecalis, Enterococcus faecium and Locunia kristinae. While about Candida spp.
Four isolates (9.30%) wer related to Candida albicans and one isolate (2.32%)
was Candida glabrata (Table 4 and 5).
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Table 4: Distribution of bacterial isolates.
Bacteria isolates
Gram positive bacteria
Staphylococcus intermedius
Staphylococcus haemolyticus
Staphylococcus epidermidis
Staphylococcus saprophyticus
Staphylococcus aureus
Streptococcus agalactiae
Enterococcus faecalis
Enterococcus faecium
Locunia kristinae
Gram negative bacteria
E. coli
Pseudomonas aeruginosa
Klebseilla pneumoniae
Acinetobacter baumannii
Proteus mirabilis
Enterobacter cloacae
Morganella morganii

Number

Percentage

4
3
2
1
1
2
1
1
1

8.9
6.7
4.4
2.2
2.2
4.4
2.2
2.2
2.2

6
6
5
4
1
1
1

13.3
13.3
11.1
8.9
2.2
2.2
2.2

Table 5. Distribution of Candida spp.
Candida spp.
Candida albicans
Candida glabrata

Number Percentage
4
8.9
1
2.2

The most common isolate was Staphylococcus spp. which was also reported in
many other studies to be the predominant microorganism (40–60% of the total
microorganisms) isolated from different types of wounds (Bowler and Davies,
1999). Pseudomonas aeruginosa and E. coli were the Gram-negative more detected,
which is also in agreement with other reports (Davies et al., 2004: Burnolle et al.,
2010). It is well documented that bacteria such as Staphylococcus spp. and
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Pseudomonas aeruginosa produce very destructive virulence factors, responsible for
maintaining infection and delay healing in chronic wounds. S. aureus causes
clinically relevant infections mostly because of its virulence factors such as
coagulase, catalase, clumping-factor A and leucocidines (Dissemond, 2009).
Similarly, the production of an elastase by Pseudomonas. aeruginosa has been
associated to its pathogenicity in the wound environment (Schmidtchen, 2003).
A study reported that 129 swabs and pus specimens from various types of
surgical sites suspected to be infected on clinical ground were processed and the
most common organisms were Staphylococcus aureus (50.32%) followed by
Pseudomonas aeruginosa (16.3%), Escherichia coli (14.37%), Klebsiella
pneumoniae (11.76%), miscellaneous gram negative rods (5.88%), and
Streptococcus pyogenes (1.30%) (Hanifah, 1990). In another study out of 171 cases
of wounds of various etiologies examined and screened bacteriologically S. aureus
was the mostfrequently isolated (39.9%) single organism and other organisms being
E. coli (26.1%), Pseudomonas aeruginosa (15.4%), Klebsiella species (5.8%),
Streptococcus pyogenes (4.9%), Proteus species (4.8%) and coliform organisms
(3.1%); however, collectively the gram-negative organisms were the majority
among the isolated organisms (Malone et al., 2002). A study showed wound
infection in the post-operative elective surgeries was 11.3% and the microorganisms
found were Staphylococcus aureus 70.5% and Escherichia coli 29.5% (Wilson et
al., 2004).
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In our study, only 9.30 % of the wounds displayed polymicrobial infections as
shown in Table 6. It is known that interspecies interactions consist mostly in
bacterial synergy that enhances survival, therefore hampering the infection
eradication. Moreover, microorganisms have the ability to establish themselves and
proliferate as a biofilm, both in monomicrobial and polymicrobial biofilms, which
are often considered to be a further complication that has a significant contribution
to the lack of successful antibiotic treatment (Kirketerp et al., 2008).

Table 6: Growth pattern of Monomicrobial and dimicrobial isolates in wound swabs.
Types of growth
Monomicrobial isolates
Dimicrobial isolates
Total

Numbers
39
4
45

Percentage
90.7
9.3
100

To prevent or reduce wound infection is a goal shared by health care
practitioners in charge of wound management and care; however, when infection is
already established, wound management practices should be specifically addressed
and become more challenging and demanding. Antibiotic treatment is recommended
but, previously, an antibiotic susceptibility test should be performed.
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CONCLUSSIONS

5. CONCLUSSION
In the conclusion it can be said that the clinical and microbiological aspect of
wound infection are very wide range. Multiple bacteria as well as other organism
cause different wound infection. Proper wound management should be implemented
to combat this problem.
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