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Abstract 
Background: An acute wound infection might be caused by external damage 
to the skin including abrasions, lacerations, bites, burns, accidents, war inju-
ries and surgical incisions. When a wound fails to heal within a week, it 
should be considered a chronic type. Complement system potent inflamma-
tory cascade in wound infection, is important and altered wound healing. 
Complement activation leads to the generation of many potent effectors in-
cluding anaphylatoxin C5a. C5a has induced synthesis of TNF-α and IL-1β in 
macrophage and monocyte which are all together the goal of the present pa-
per. Methodology: This study was conducted in Al-Kindy and Al-Wasity 
hospitals in Baghdad on 200 patients suffering from wounds. One hundred 
patients were with acute wounds infection and the other 100 patients consi-
dered as control wounds i.e. without infection. The procedure method was 
followed according to manufacturer’s instructions (Elabscience, USA) utiliz-
ing C5a ELISA kit for conducting the test. Blood samples were taken at 24, 48, 
72, 96 and 120 hours of hospitalization of the patients. Results: It was found 
that the highest concentration of C5a was found at 120 hours after patients 
hospitalization who were with wound infection, and the mean value of C5a 
was 4898 pg/ml. 4661 pg/ml of C5a was recorded among patients with 
acute-phase infection compared to 4387 pg/ml concentration of the same 
complement among control group without wound infection at 96 hours post 
residence in hospital. Conclusions: Gram-positive bacteria were more preva-
lent causing wound infections. Dermacoccus nishinomiyaensis, Kocuria rosea 
and Kocuria kristinae were isolated for the first time in this locality. A com-
plement 5a (C5a) revealed a very high concentration in acute-phase of wound 
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infections. It was found that C5a was serially elevated with time of hospitaliza-
tion of wounded and infected patients. C5a was highly elevated with wound in-
fection by Gram-negative bacteria compared to infections by Gram-negatives. 
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1. Introduction 

Wound infection is invasive with pathogen to a level that invokes local and sys-
temic response host. Presence of pathogen causes delayed wound healing. Bacte-
ria are one of the most important pathogens contaminated wound and cause in-
fection [1]. The wounds are commonly colonized by Staphylococcus aureus 
within the first week and later by Pseudomonas aeruginosa and other Entero-
bacteriaceae like Escherichia coli, Klebsiella sp, and Proteus mirabilis. All these 
events usually lead to stimulation of innate immune system and play a role in 
acute inflammation [2]. Complement system potent inflammatory cascade in 
wound infection, is important and altered wound healing [3]. Complement acti-
vation leads to the generation of many potent effectors including anaphylatoxin 
C5a [4], which is important for leukocyte recruitment and activation [5]. The 
activity of the anaphylatoxins is regulated by carboxypeptidase N which is 
present in tissues [6]. C5a has induced synthesis of TNF-α and IL-1β in macro-
phage and monocyte [7]. Thrombin and plasmin resulted in release of C5a and 
C3a possessed significant chemotactic activity for neutrophils in inflammatory 
pathway [8]. C5a is playing a role as Chemoattractant of macrophage and neu-
trophil to the site of inflammation, also induces increase oxidative burst, phago-
cytosis and release of granule enzyme. Allergy inducing C5a and production of 
huge amounts of histamine will lead to dilatation of blood vessels to facilitate 
passage of large size and number of leucocytes toward site of infection. 

Among activation of C5 to generation of the C5a thereby assembly of mem-
brane attack complex given prominent the role of C5a in septic patients [9]. 

2. Materials and Methods 
2.1. Patients 

The study was conducted at AL-Wasity and AL-Kindy hospitals of Baghdad city 
from December 2017 to August 2018. The number of patients was 100 Patients 
who were with infected wound due to sign of inflammation (acute wounds in-
fection) like: surgical wounds, burn wounds, laceration, abrasions, cut and bites, 
and 100 patients included as control groups who had wounds without infection. 
All patients with acute was surveyed for clinical sign like erythema, malodour, 
pain, heat and exudate. Ethical clearance for the study was obtained from the 
Committee of Higher Studies in College of Medicine, University of Tikrit. 
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2.2. Isolation and Identification of Bacteria 

Before taking a wound swab, the wound was gently cleaned with sterile gauze, 
rotate the swab over a one cm area of the wound, applying sufficient pressure to 
express fluid from the wound bed [10] [11]. After sampling, each swab was ap-
plied on to blood and MacConkey agars and incubated for 24 h at 37˚C under 
aerobic condition. Colonies were identified by Gram’s staining [12] differen-
tiated, and identification by API 20E, and VITEK-2 compact system (bioMe-
rieux Deutschland, Nurtingen, Germany). 

2.3. Complement C5a Estimation 

Five milliliters of blood was collected by vein puncture using disposable syringe. 
Blood samples were placed into plan tube for 15 - 30 at room temperature to 
clott, then were centrifuge for 5 minutes at 3000 rpm for serum separation. Sera 
were stored at −70˚C for further studies [13] [14]. ELISA kits were used utilizing 
sandwich ELISA principle. The optical density (OD) is measured spectrophoto-
metrically at a wavelength of 450 nm according to manufacturer instructions.  

2.4. Statistical Analysis 

F-test utilizing ANOVA computer program was used for data analysis and the 
significance was considered at P value of less than 0.05. 

3. Results 

The present study on acute-phase wound infection revealed that 17 bacterial 
types were isolated and identified (Table 1). A highest frequency of isolation was 
recorded with Staphylococcus aureus which was 30/105 (28.6%) whereas the 
lowest frequency was seen with Morganella morganii spp morganii (1%).  

Gram positive bacteria were the most common isolates (53.30%). Gram-negatives 
were also isolated from different infected wounds and the most prevalent patho-
gen was Acinetobacter baumannii (Table 1). The present study revealed a mixed 
culture with frequency of 8.60% (Table 1, Figure 1). 

The present study showed that C5a concentration was increased with time of 
residence of patient with wound infections e.g., the C5a concentration was 4113 
pg/ml at the end of the second day of residence, and this value was elevated to be 
4898 pg/ml at 120 hours of hospitalization (Figure 2). The C5a concentration 
estimation among control patients was decreased with the time of residence in 
hospital, e.g. the C5a concentration was 4699 pg/ml after 48 hours of residence 
and this value started to decrease at 96 hours of hospitalization to be 4387 pg/ml 
(Figure 3). A statistical analysis using F-test showed significant differences of 
the values estimated (P < 0.05). 

The present study revealed that among 100 patients 40 were with acute-phase 
wound infection by Gram-negative bacteria and the mean value of the C5a in 
their sera was 4686.2 pg/ml. Whereas 56/100 patients were infected with 
Gram-positive bacteria and the mean value of the same complement was lower  
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Table 1. Distribution of gram positive and gram negative isolates. 

Bacteria number % 

Gram positive cocci 

Staphylococcus aureus 30 28.6 

Staphylococcus epidermidis 6 5.7 

Staphylococcus haemolyticus 4 3.8 

Kocuria rosea 4 3.8 

Enterococcus faecalis 4 3.8 

Aerococcus viridans 2 1.9 

Staphylococcus hominis spp hominis 2 1.9 

Kocuria kristinae 2 1.9 

Dermacoccus nishinomiyaensis 2 1.9 

Gram negative 
bacilli 

Acinetobacter baumannii 13 12.4 

Pseudomonas aeruginosa 10 9.5 

Escherichia coli 6 5.7 

Proteus mirabilis 4 3.8 

Pseudomonas oryzihabitans 2 1.9 

Klebsiella pneumoniae 2 1.9 

Enterobacter cloacae 2 1.9 

Morganella morganii spp morganii 1 1 

Mixed 

Pseudomonas aeruginosa & Klebsiella pneumoniae 4 3.8 

Staphylococcus haemolyticus & Kocuria kristinae 
& Acinetobacter baumannii 

3 2.9 

Pseudomonas aeruginosa & Serratia liquefaciens 2 1.9 

Grand total  105 100 

 

 
Figure 1. Isolation frequency of Gram-positive, Gram-negative 
and mix bacteria. 

 
compared to those infected with Gram-negative bacteria i.e. the mean value was 
4546.8 pg/ml i.e. Gram-negatives induced higher amount of C5a compared to 
Gram-positive pathogens (Figure 4). Statistical analysis revealed a significant 
difference between these values (P < 0.05). 

4. Discussion 

The present study revealed that Staphylococcus aureus was more prevalent  
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Figure 2. Values of C5a estimated at different times of stay of pa-
tients in hospital with acute-phase wound infections. 

 

 
Figure 3. Values of C5a estimated at different times of stay of pa-
tients in hospital without wound infections. 

 

 
Figure 4. Values of C5a in relation to types of bacterial infection 
of acute-phase wounds. G−, Gram-negative bacteria; G+, 
Gram-positive bacteria. 

 
causing acute-phase wound infection and the frequency of isolation was 28.6% 
This result was almost similar to that obtained by Nagoba and others who found 
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that the incidence of this bacteria was 28.12% [14] [15] and Yin (2013) who 
showed Staphylococcus aureus was responsible for the majority of skin and soft 
tissue infection. S. aureus causes invasive and life threatening infection such as 
abscesses, and sepsis [16]. Others workers concluded different frequencies of 
isolation e.g. Rajan showed that 44.6% of the wounds studied were infected by S. 
aureus [17]. Almost 25% of the infections recorded in the present study were 
collectively caused by other Gram-positive bacteria which was almost similar to 
that obtained by Alwan and his co-workers [18]. Dermacoccus nishinomiyaen-
sis, Kocuria rosea and Kocuria kristinae were isolated for the first time among 
patients of Baghdad district. However, the pathogens were also recorded else-
where [19]-[24]. Therefore, these new isolated bacteria should be considered as a 
true pathogen contributed to clinical sepsis and proper treatment should be pro-
vided to all susceptible patients [19] [20]. Moreover, isolation of Kocuria 
kristinae with others bacteria was similar to that obtained by some authors who 
recorded K. kristinae as commensal of humans, animal and environment to be 
contaminants of wounds [21] [22]. In the present study, among the Gram nega-
tives, Acinetobacter baumannii was isolated with the highest frequency (12.4%) 
followed by Pseudomonas aeruginosa (9.5%) from the total isolates of wound 
and the two types were isolated by Al-Ali who found that the isolation frequen-
cies by both were 19.5% and 39.5% respectively [25]. E. coli was isolated with 
percentage of 5.7% which was different from that obtained by Rashid et al. who 
showed almost 2% of their isolates from wounds was E. coli [26]. In contrast, 
Idomir et al. estimated an incidence of by E. coli to be 11.5% [27] [28]. The iso-
lation patterns of the other pathogens showed different frequencies compared to 
other workers [18] [27] [28] [29].  

The present study revealed that complement C5a was very high in concentra-
tion at 120 hours of patient residence in hospital with average value of 4898 
pg/ml followed by 4765 pg/ml at 48 hours in acute-phase wound infection The 
most receptive interpretation that the mechanisms of accelerated healing were 
associated with lack of C5aR1 signaling, and C5a as well as reduced recruitment 
of inflammatory cells to wounds along with their reduced activation. The in-
creased angiogenesis and high levels of mast cells contribute to more efficient 
healing process [30]. The same opinion concluded by Rafail and co-workers who 
showed that C3 and C5 deficiency revealed a reduction in inflammatory and in-
creased accumulation of mast cells and advanced angiogenesis [31]. The in-
creased C5a after 48 hrs in the wounds mentioned by Jang and co-workers 
showed that after wounds infection the activation of complement system, split 
fragment C5a and C3a augment inflammatory responses e.g. increased blood 
flow and vascular permeability and facilitate migration of neutrophils and mo-
nocytes to the inflamed tissue also induce mast cell to release histamine and 
TNF-α which contribute to the proliferation of the inflammatory response. C5a 
has the ability to stimulate cells to secrete neuropeptides and neurotrophins as 
the main roles of pain after wounds as well as C5a sensitized C-fiber afferent re-
sponse to heat in the incision, as noted C5a concentration 1000 pg/ml at 24 hrs 
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begins to decline at 48hrs with concentration 800 pg/ml in the clean wounds and 
present any infection may causes long wounds healing due to prolonged in-
flammatory process [32]. The elevated concentrations of C5a described in sepsis 
due to bacteria particularly Gram-negative types which showed a higher con-
centration of C5a as compared to Gram-positive bacteria which revealed less 
elevation in this complement. C5a is an important mediator of neutrophil dys-
function, acting via the major C5a receptor CD88, and CD88 is not directly 
phagocytic but is marker of exposure to C5a which inhibits phagocytosis [33] 
[34]. Finally, all workers have indicated that reduction of complement compo-
nent and activation causes improve wound healing, for this reason may be the 
concentration in control wounds were less than acute-phase of wounds [34]. 

5. Conclusion 

The present study revealed that most of acute-phase wound infections were 
caused by Gram-positive bacteria. Dermacoccus nishinomiyaensis, Kocuria 
rosea and Kocuria kristinae were isolated for the first time among patients of 
Baghdad district. Acute-phase wound infection by Gram-negative bacteria 
caused a higher elevation in C5a concentration of patients compared to infection 
by Gram-positive types. 

Ethical Approval 

Ethical clearance for the study was obtained from the Committee of Higher Stu-
dies in College of Medicine, University of Tikrit. The researcher did not in any 
way expose participants of the study to physical or psychological harm. Partici-
pation in the study was strictly voluntary with the informed consent of partici-
pants that guaranteed their right to privacy. All authors hereby declare that all 
experiments have been examined and approved by the appropriate ethics com-
mittee and have therefore been performed in accordance with the ethical stan-
dards laid down in the 1964 declaration of Helsinki. 

Limitations 

Single region data of displacement area is not generalized. For this reason a sur-
vey of the whole area can reflect the whole region should be done. 
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