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Prevalence of bacterial sp. in traumatic, burns and post-surgical wounds: Focus on

emerging drug resistance

ABSTRACT

The study was aimed to isolate and detect bacterial species responsible for causing infection in
different types of traumatic, burns and post-surgical wounds and their antibiotic resistance
profile of isolated microorganisms. The major bacterial strains isolated were Staphylococcus
aureus, E. coli, Klebsiella sp. and Pseudomonas aeruginosa. The most prominently found was
Staphylococcus aureus which was present in more than 54% of collected samples as compared
to other isolates such as E. coli (17%), Klebsiella sp. (11%) and Pseudomonas aeruginosa (10%).
The study further explored that Pseudomonas spp. and Acinetobacter spp. showed resistance
against various non-identical antibiotics such as Amikacin (aminoglycosides), Azithromycin
(macrolides), Levofloxacin & ciprofloxacin (fluoroquinolones) and Cefazolin (cephalosporins).
However, Doxycycline (tetracycline) was the only antibiotic that inhibited the growth of all the
bacterial species isolated from the infected wounds. levofloxacin was also one of the effective
antibiotics in restricting the growth of Staphylococcus aureus, E. coli and Klebsiella spp.
Consequently, the study suggests that Doxycycline followed by levofloxacin may be the most
suitable antibiotics for controlling wound infection in this specific geographic region.
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1. INTRODUCTION

There are various pathogenic bacterial strains explored causing skin infections from
which the Staphylococcus species has emerged as a dominant human pathogen that has over the
last few decades been a leading cause of community-acquired and nosocomial infections [1].
This bacterium may or may not contain a polysaccharide capsule, non-motile, non-sporing, and
facultative anaerobes grows in clusters which is a normal flora of the human nose, skin and
mucous membranes [2,3,4].
Further, these Staphylococcus and many other skin residing bacteria may directly transfer from

an infected person with the usage of contaminated objects such as clothes, towels, gym



equipment, telephones, public transportation, door knobs, remote controls, elevator buttons etc.
Skin infections can spread through the bloodstream and may reach distant organs of the body
specifically bones and heart valves. However, risk of getting infection after surgery, burns or in
open wounds excelled and the severity of complication is largely based on the virulence of the
infecting pathogen and the site of infection [5,6]. The incidence of hospital-based postoperative
infection varies from 10%-25% in India [7]. Apart from Staphylococcus aureus the most
common bacteria causing infections of wound include, E. coli, Streptococcus pyogenes,
Klebsiella pneumonia, Enterococci and Pseudomonas aeruginosa [2]. These microbes have a
remarkable ability of evolving different mechanisms of resistance to antimicrobial agents.
Annually >700,000 deaths are being caused due to multidrug resistant organisms and this
number is projected to surpass the number of deaths caused from cancer by 2050 as it may reach
up to 10 million deaths annually [8]. The aim of the present study is to isolate and identify
common bacterial species capable of causing infection in different types of traumatic, burns
and post-surgical wounds and to explore the resistance and sensitivity profile of isolated
microbes against non-identical antibiotics. This investigation may provide essential information
for selection of appropriate antibiotic for treatment of wound infection and contribute to global

efforts in combating antibiotic resistance.

2. MATERIAL AND METHODS
2.1  Study Design and Area

A descriptive study was designed and carried out to determine the load of different
types of bacteria in infectious wounds and activities of different antibiotics against the isolated
microbes. The wound swab samples were obtained from wounds of patients came to receive
treatment at Sri Guru Ram Das Charitable Hospital, Amritsar and Ivy Hospital, Amritsar,
Punjab, India. These samples were tested in Khalsa Diagnostic Laboratory, Amritsar, Punjab,
India. The majority of patients were either laborer or farmers.
2.2 Inclusion and exclusion criteria

Patients with non-healing wounds suspected with infection showing exuding fluid and
pus were included in the study. Those have interrupted the antibiotic course before the full
recovery were also included in the study. On the other hand, patients undergoing antibiotic

therapy at the time of sample collection were excluded.



2.3 Sample collection|

Sample from the wounds were collected using sterile swabs by laboratory workers and
medical officers of the mentioned hospitals in the out-patient department (OPD) while
maintaining the aseptic conditions as per the hospital guidelines. The samples were collected
after carefully cleaning the wound surface with sterile water to prevent surface contamination.
The swab samples were transferred under aseptic conditions into a vial containing 0.8% sterile
saline and then transported to the Khalsa Diagnostic laboratory within one hour of collection.

2.4 Microbiological techniques

The determination of bacterial load and isolation of microbes in each sample was done
using serial dilutions (1:10 and 1:100) of saline containing the swabs in 0.8% sterile saline
followed by their plating onto duplicate blood and MacConkey agar plates. The plates were
incubated at 37°C under aerobic conditions for 24-48 hours. The morphologically distinct
bacterial colonies were counted separately as colony forming units/swab [9]. The bacterial
colonies were then purified by repeated transfers on fresh media plates. The morphologically
distinct bacterial isolates were identified based upon their various biochemical characteristics
such as Catalase production, citrate utilization, Coagulase production, Hydrogen sulfide
production, Oxidase production, MR-VP, presence/absence of motility and gram staining test
[10].

The susceptibility of isolated bacteria against selected antibiotics was determined by
using Kirby-Bauer disc diffusion method and the outcomes were interpreted according to the
recommendations of the National Committee for Clinical Laboratory Standards [11,12]. The
antibiotics used for this study were Amikacin (30 pg), Ciprofloxacin (30 pg), Azithromycin (15
Mg), Levofloxacin (5 pg), Cefazolin (30 pg) and Doxycycline (30 pg) impregnated in the discs.
The concentrations were selected based upon their sensitivity within therapeutic limits. An
inoculum of pure culture for each bacterial isolate was grown overnight in Mueller Hinton broth
and then mixed in sterile saline (0.85%) with turbidity adjusted to 0.5 McFarland standard [13].
The suspension was spread plated uniformly on Mueller Hinton agar plates using sterile swabs
and then different antibiotic discs were placed in the center of the plates [14]. The plates were
incubated at 37 °C for 24 h, and the diameters of zone of inhibition were measured.

2.5  Statistical analysis
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The statistics were used to interpret the data in which Pearson chi square test was used for
categorical variables whereas mean and standard deviation (SD) were given to describe
continuous variables. Minitab-15 of Minitab LLC, Pennsylvania was used to analyse the data.
A p-value <0.05 was considered statistically significant. The regression models were used to
determine 95% confidence intervals.

3. RESULTS AND DISCUSSION
3.1 Isolation and identification of bacteria from wounds:

A total of 80 swab samples were collected over the period of study and among these 67

samples were found infected as observed by growth of microbes after their plating onto

duplicate blood and MacConkey agar plates (Fig. 1).
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Figure 1: Describe the number of swab samples collected from different types of wounds

and number of infected samples observed during the study

The samples were collected from wounds of 48 male and 32 female subjects. Their age
varied from 1 year to 76 years with mean age of 42.47 years. These samples were spread plated
on sterile blood agar and MacConkey’s agar for screening and isolation of different bacteria.
Among 80 samples 67 showed positive bacterial growth whereas 13 samples showed no
bacterial growth which depicts that even the interrupted antibiotic course have inhibited the

bacterial growth in some patients. However, such a practice should be strongly discouraged as



left-over bacteria “if any” may more likely to develop resistance to the antibiotics. The bacteria
isolated from various wounds were identified by analyzing their colony morphology and
testing biochemical characteristics.
3.2 Micro-organisms isolated

Among 67 infected subjects around 54% load was of Staphylococcus aureus which was
found in around 36 samples (Fig. 2) and hence become the most prevalent and responsible
microbe for wound infection in this study whereas Serratia sp. was the least detected i.e., only
2%. However, 17% load was of E. coli, Klebsiella sp. (11%), Pseudomonas aeruginosa (10%),
Acinetobacter Spp. (4%) and Morganella Sp. (2%) Serratia sp. (2%). Hence, the major infection
causing bacteria was Staphylococcus aureus and interestingly was the only gram-positive
bacteria among all the isolated microorganisms (Fig. 2).
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Figure 2: Describe the percentage of different bacterial sp. isolated from different types of

infected wounds

There was no specific type of microorganism special to any specific type of the wound.
However, overall rate of infection by all the microbes was found higher in traumatic injuries
followed by injuries caused due to surgery and then by burns (Fig. 3). This might be due to the
involvement of antibiotic course before and after the planned surgeries and normal tendencies of
patients to get treatment/fast relief for the highly painful burns. This maneuver is not usually

observed after minor to moderate traumatic injuries until these gets painfully infected.
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Figure 3: Showing the comparative load of different bacteria in various types of
examined wounds

The total number of samples collected were comparatively more (28) in age group of
21-40 years but number of infected samples were less i.e. 71% (22) were found infected but in
lowest age group of 1-20 years 100% samples i.e. 12 were infected. Whereas in 41-60 years
and more than 60 years 82% and 83% samples were found infected (Fig. 4 and Table 1). The
number of surgical injuries were highest in age group of 21-40 years however, the p value of
0.36 indicated no significant relation between age groups with intensity of infection. The
wounds due to burn were more in age group of 1-20 years whereas no burn wound observed in
higher age group of >60 years but their number of traumatic injuries were more as compared to

other age groups (Fig. 4).
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Figure 4: Describe total number of infected patients and different types of infected wounds
in each age group.

3.3 Relation of infection with type of wound, age and gender of the subjects

The infection in wounds of subjects from post-surgery, burns and various other non-
traumatic reasons was observed. The number of male patients having infection in their wounds
were slightly more (58%) and number of infected patients were fractionally more in the age
group of 21-40 years (Table 1). However, there was no significant association found between the
infection of the wound with gender (p = 0.62) and age (p= 0.71) of the patient.

Table 1: Distribution of patients with respect to their age, gender and wound infection

Age group Number of Males females | Infected | Infected
(years) patients male female

samples | samples

1-20 12 7 5 7 5
21-40 28 16 12 12 10
41-60 22 12 10 9 9

61-80 18 13 5 11 4




Total 80 48 32 67

3.4 Antibiotic resistance

Notably, the isolated bacteria exposed to the selected antibiotics showed varying
percentages of resistance (Fig 5). In particular, six different antibiotics (Amikacin,
Ciprofloxacin, Azithromycin, Levofloxacin, Cefazolin and Doxycycline) were used in this
study to analyze their activity against bacteria isolated from wound infection. These tests were
executed by agar-well diffusion method and degree of susceptibility of isolated micro-organisms
(in percentage resistance) was observed based upon their diameters of zones of inhibition and

resistance/sensitivity pattern against these antibiotics [15].
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Fig. 5: The antibiotics resistance profile of bacterial species isolated from infected wounds

Among all the bacterial species isolated from the infectious wounds Klebsiella was the
most sensitive bacteria as 80% of its growth remain restricted against most of the antibiotic used
in this study. However, Pseudomonas and Acinetobacter were found highly resistant against all
the selected antibiotics except doxycycline. These bacterial species showed 50% to 90%
resistance against most of the antibiotics used in the study whereas doxycycline manage to

inhibit 80% to 90% growth of both Pseudomonas and Acinetobacter. Thus, doxycycline was the



only antibiotic that inhibited the growth of all the bacterial species isolated from the infected
wound in this study hence can be effectively used in controlling the wound infection. Moreover,
doxycycline is less toxic than its former generations that act by inhibiting the protein synthesis in
bacterial cell and can be consumed orally or given intravenously to control the infection [16].
However, this study showed that levofloxacin was also one of the most effective antibiotics in
controlling the growth of Staphylococcus aureus, E. coli and Klebsiella sp. Levofloxacin which
was found as the second-best antibiotic in this study, belongs to third generation of
fluoroquinolones that act by directly inhibiting the bacterial DNA synthesis and can be used as

oral and intravenous (1V) drug [17].

40 CONCLUSION

The present study provides an insight regarding different bacterial species responsible
for causing infection in various types of wounds in this part of the geographical region and
efficacy of different antimicrobial available to control the infection. The study also concluded
the antimicrobial resistance profile for bacterial species isolated from various infected wounds.
Staphylococcus was the most prevalent and majorly responsible for causing wound infection
and interestingly was the only gram-positive bacteria among the isolated species in this study
followed by E. coli, Klebsiella sp. and Pseudomonas sp. whereas Serratia sp. was the least
detected. The rate of infection was found higher in traumatic injuries followed by injuries due to
surgery and burns.

Further, antibiotic profiling of random samples of S. aureus and Klebsiella sp. showed
that these bacteria were highly sensitive towards all the used antibiotics except Ciprofloxacin
and cefazoline respectively against which these showed around 50% resistance. However, E.
coli which was responsible for 20% of surgical wound infection was found sensitive against all
the selected antibiotics except amikacin. On the other hand, unlike other isolates Pseudomonas
aeruginosa and Acinetobacter spp showed 50% to 85% resistance against all the used
antibiotics except doxycycline which was highly effective in controlling its growth

|C0nsequentM, in this study it was observed that mainly Doxycycline could be the most

promising antibiotic used for treatment of various infected wounds whereas levofloxacin can
also be used effectively in those cases where the infection causing agents are Staphylococcus

aureus, E. coli and Klebsiella sp.
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Overall, the study emphasizes the significance of understanding the microbial profile
and susceptibility pattern of wound infection which will help in selection of appropriate
antibiotic for effective treatment and combat the emergence of antibiotic resistant strain.
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