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Summary

This study aimed to isolate bacterial causative of burn and wound infections
and treat them by vinegars and probiotics. For such purpose, a total of 58 swab
samples were obtained from patients of both gender and various ages who referred
to two teaching hospitals in Baghdad suffering from burn and wound infections of
different severity and location of injuries in their body. Only 43 (74.2%) of the
samples were positive for giving bacterial growth.

The samples were cultured on MacConkey agar and blood agar as initial
step for cultivation of bacteria. Results showed that 64 bacterial isolates were
obtained.

After identification by cultural, microscopic, biochemical characterizations
and Vitek 2 system they were found to be belonging to Gram positive and negative
bacteria of the following 10 species: Pseudomonas aeruginosa (28),
Staphylococcus aureus (12), Klebsiella pneumoniae (10), Staphylococcus
epidermidis (6), Escherichia coli (3), Pseudomonas putida (1), Pseudomonas
alcaligenes (1), Enterobacter cloacae (1), Acinetobacter baumannii (1), and
Stenotrophomonas maltophilia (1).

After subjection of these isolates to the susceptibility test toward ten of the
more abundantly-used antibiotics as well as against two antibiotics that are given
to the patients in the hospital where the samples had been collected, results
declared that amikacin and imipenem were the most effective antibiotics against
both Gram positive and negative bacteria. Among the above-mentioned pathogenic
isolates, Pseudomonas spp were the most resistance species followed by
Enterobacter cloacae and Acinetobacter baumannii.

As probiotic, two types were used Lactobacillus reuteri alone and mixture of
(Lactobacillus reuteri, Lactobacillus acidophilus, Lactobacillus rhamnosus and
Bifidobacterium longum) propagated, independently, in MRS medium. Then their
fermentation products were concentrated and tested for inhibitory activity against

burn and wound infections bacterial isolates.



Results showed that only the three-fold concentrated fermentation product of
Lactobacillus reuteri possessed observable activity, while other probiotic
fermentation product did not do so.

When various types of apple vinegar were used as antibacterial agents
against the bacterial isolates causing burn and wound infections, the obtained
results revealed great ability for these vinegars in eliminating the pathogenic
bacteria.

Distinctly, the chemically-synthesized type apple vinegar gave the highest
antibacterial activity followed by the commercial apple type then the homemade
apple vinegar.

Upon using combinations of Lb. reuteri three-fold concentrated fermentation
product and apple vinegar in different ratios, results showed that synergistic effect
was recorded in most of the ratios with the exception of the effect against
Acinetobacter baumannii when the vinegar alone gave better effect. However,
highest antibacterial activity against pathogenic bacterial isolates was recorded by
the ratio of 1:3 Lb. reuteri three-fold concentrated fermentation product to

chemically-synthesized apple vinegar.
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Chapter One: Introduction and Literature Review

1. Introduction and Literature Review
1.1 Introduction:

More than 200 different species of bacteria normally live on the skin
(Benbow, 2010) and an open wound provides a moist, warm and nutritious
environment perfect for microbial colonization and proliferation (Young, 2012).

When one or more microorganisms multiply in the wound, local and
systemic responses occur in the host, which can lead to infection and a subsequent
delay in healing (Angel et al., 2011).

Cutting (2010) stated that maintaining the bacteria at a level at which the
host is in control is an important part of avoiding wound infection.

In 2001, Bowler et al. found that when chronic wounds are poorly perfused
they are more susceptible to infection, as blood delivers oxygen, nutrients and
immune cells, thus providing little opportunity for microorganisms to colonize and
proliferate.

Burn wounds are a major focus for infection, as they become readily
colonized with several species of potentially pathogenic microorganisms, including
Pseudomonas aeruginosa and Staphylococcus sp. (Mayhall, 2003).

Systemic sepsis resulting from invasive infection remains the leading cause
of death among thermally injured patients (Martineau and Dosch, 2007).

The skin forms a protective barrier against invasion by bacteria, fungi and
viruses and any breach in this barrier provides easy access for microbial invasion
(Liwimbi and Komolafe, 2007).

Intact skin is the perfect defense to bacterial invasion, but damage to the skin
allows bacteria, fungi and yeasts to enter (Young, 2012).

Evidence supporting the presence of biofilms on the surface of chronic
human wounds and burns has been reported (Rashid et al. 2000).

Mah and O’Toole (2001) declared that biofilms are harder to eradicate than

their planktonic counterparts, as sessile bacteria more effectively resist adverse
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environments by forming aggregates, adapting phenotypes, and/ or generating
metabolic changes to evade a hostile milieu and host immune responses.

Bjarnsholt (2013) stated that where the bacteria succeed in forming a biofilm
within the human host, the infection often turns out to be untreatable and will
develop into a chronic state.

Probiotics used as a term to describe the use of live microorganisms
as food supplements improving the intestinal microbial balance of the
host (Salminen et al., 1999).

The use of probiotics as an alternative therapy for treatment and prevention
of bacterial infections has been reported (Bomba et al., 2006).

Gorbach (2000) pointed out there is a growing interest in probiotics as a safe
therapeutic agent through their ability to alleviate food allergies, enhance
nonspecific and specific immune responses, suppress intestinal infections, and anti-
carcinogenic activity (Grajek et al., 2005).

According to Doron and Gorbach, (2006), probiotics possess many
mechanisms to exert their beneficial effects; they prevent colonization, cellular
adhesion, invasion by pathogenic organisms, they have antimicrobial activity, and
they modulate the host immune response.

Vinegar is a sour liquid comprised mainly of acetic acid, typically 4-18%
acetic acid by mass, which is prepared in households by the fermentation of many
fruits, the solution is also commercially available. It is cheap and easily found in
markets (Ismael, 2013).

Vinegar has been shown to be effective in the prevention and control of
microbial contamination in intra-canal treatment of apical periodontitis in teeth
(Estrela et al., 2004).

Due to the importance and wide spread of burn wound infections caused by
pathogenic bacteria, this study was designed for the aim of comparing the

antimicrobial effect of various types of apple vinegar, probiotics or their
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combination in order to select and apply the most efficient treatment.
To achieve this such aim, the following steps had been used:
e Isolation and identification of pathogenic bacteria causing burn and
wound infections.
e Selecting some types of probiotic bacteria or their products.
e Application of probiotics fermentation product against infective bacteria
causing burn and wound infections.

e Application of various types of apple vinegar.
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1.2 Literature Review:
1.2 .1 Burns and wounds:

An effective management of wounds, especially chronic wounds, in the
health care setting can have an impact in the population health, reducing morbidity
and improving function and quality of life. Wounds presented by patients vary
from one setting to another, ranging from acute surgical wounds, traumatic wounds
(such as those that occur following an accident), burn wounds or chronic wounds
(such as diabetic foot) (Bessa et al., 2015).

Wounds are contaminated with microorganisms that are part of the
saprophytic microflora of the skin and the type and quantity of these
microorganisms vary from one wound to another (Cooper and Lawrence, 1996).

Origin, body location, size and duration of the wound, are considered as
important factors that should be taken into account in the wound management
because of their impact on wound colonization and infection (White et al., 2001).

In 2004, Edwards and Harding described non-healing wounds as
biologically  characterized by  prolonged inflammation, defective
reepithelialization, and impaired matrix remodeling. In addition, in all chronic
wounds there is an interaction between patient and the bacteria present in the
wound.

Burns are one of the most common and devastating forms of trauma.
Patients with serious thermal injury require immediate specialized care in order to
minimize morbidity and mortality (Church et al., 2006).

Abston et al. (2000) defined burn as an injury to the skin that damages or
destroy skin cells and tissue. It is generally caused when skin makes contact with
flames, chemicals, electricity, or radiation.

Burn wounds are a suitable site for multiplication of bacteria and are more
persistent richer sources of infection than surgical wounds, mainly because of the
larger area involved and longer duration of patient stay in the hospital (Agnihotri et
al., 2004).
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Infection is a major cause of morbidity and mortality in hospitalized burn
patients (Manus et al., 1994).

In 2010, Keen et al., illustrated that use of topical and systemic
antimicrobials and enhanced infection control practices have replaced f-hemolytic
streptococci with S aureus and gram-negative pathogens such as P. aeruginosa,
Klebsiella pneumoniae, and A. baumanniia s major pathogens in burn wound
infections.

Wound infection by antibiotic resistant organisms such as Pseudomonas
aeruginosa, Acinetobacter spp and Klebsiella spp should be considered as a
potential risk, and their sensitivity pattern should be identified. The existence of
hospital pathogens and multiple drug resistant (MDR) organisms in burn wards
must be defined (Greenhalgh et al., 2007).

As a result of significant improvement of surgical treatments and intensive
care in burn wards, it seems that infection is the direct cause of nearly 75% of
deaths following burn (Agnihotri et al., 2004).

The rate of nosocomial infections is higher in burn patients due to various
factors like nature of burn injury itself, immunocompromised status of the patient
(Pruitt et al., 1998), age of the patient, extent of injury, and depth of burn in
combination with microbial factors such as type and number of organisms, enzyme
and toxin production, colonization of the burn wound site, systemic dissemination
of the colonizing organisms (Pruitt et al., 1984).

Magnet et al. (2013) reported that the larger area of tissue is exposed for a
longer time that renders patients prone to invasive bacterial sepsis. In extensive
burns when the organisms proliferate in the eschar, and when the density exceeds
100,000 organisms per gram of tissues, they spread to the blood and cause a lethal
bacteremia. Therapy of burn wound infections is therefore aimed at keeping the
organism's burden below 100,000 per gram of tissues which increases the chances

of successful skin grafting.
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The denatured protein of the burn eschar provides nutrition for the
organisms. A vascularity of the burned tissue places the organisms beyond the
reach of host defense mechanisms and systemically administered antibiotics (Order
et al., 1965). In addition, cross-infection results between different burn patients due
to overcrowding in burn wards (Gupta et al., 1993).

Also thermal destruction of the skin barrier and concomitant depression of
local and systemic host cellular and humeral immune responses are pivotal factors
contributing to infectious complication in patients with severe burn (Luterman et
al., 1986).

Burn wound infections are largely hospital acquired and the infecting
pathogens differ from one hospital to another (Ogunsola et al., 1998).

The burn wound represents a susceptible site for opportunistic colonization
by organisms of endogenous and exogenous origin; thermal injury destroys the
skin barrier that normally prevents invasion by microorganisms. This makes the
burn wound the most frequent origin of sepsis in these patients (Mooney and
Gamelli, 1989).

Monafo and Freedman (1987) declared that burn wound surfaces are sterile
immediately following thermal injury; these wounds eventually become colonized
with microorganisms, gram-positive bacteria that survive the thermal insult, such
as S. aureus located deep within sweat glands and hair follicles, heavily colonize
the burn wound surface within first 48 h,

Topical antimicrobials decrease microbial overgrowth but seldom prevent
further colonization with other potentially invasive bacteria and fungi (Monafo and
Freedman, 1987).

These are derived from the patient's gastrointestinal and upper respiratory
tract and the hospital environment (Hansbrough, 1987). Following colonization,
these organisms start penetrating the viable tissue depending on their invasive
capacity, local wound factors and the degree of the patient's immunosuppression
(Mansonet al., 1992).
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If sub-eschar tissue is invaded, disseminated infection is likely to occur, and
the causative infective microorganisms in any burn facility change with time
(Forbes et al., 1998).

Individual organisms are brought into the burns ward on the wounds of new
patients. These organisms then persist in the resident flora of the burn treatment
facility for a variable period of time, only to be replaced by newly arriving
microorganisms (Magnet et al., 2013).

Factors that are associated with improved outcome and prevention of
infection likely include early burn eschar excision, topical and prophylactic
antibiotics, and aggressive infection-control measures (Kasten et al,.2011).

Introduction of new topical agents and systemic antibiotics influence the
flora of the wound (National Committee for Clinical Laboratory Standards, 1993).
1.2.2 Human skin:

Skin is one of the largest organs in the human body in terms of size and
weight. The average adult skin surface area is 1.5 to 2.0 square meters. An intact
human skin surface is vital to the preservation of body fluid homeostasis,
thermoregulation, and the host’s protection against infection. The skin also has
immunological, neurosensory, and metabolic functions such as vitamin D
metabolism (Church et al., 2006).

The skin is derived from ectoderm and mesoderm and has two anatomic
layers: the epidermis or outermost nonvascular layer consists of several layers of
epidermal cells that vary in thickness over various body surfaces, and the dermis or
corium is largely made of collagen and contains the microcirculation, a complex
vascular plexus of arterioles, venules, and capillaries. The two skin layers are
bound together by a complex mechanism that is essential for normal function
(Church et al., 2006).

Figure 1.1 provides a schematic representation of the skin layers in relation
to the depth of burn injury (Roth and Hughes, 2004).
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Epidermis

Dermis (corium)

Figure (1.1): Basic skin anatomy, showing the depth of injury for first-, second-,
and third-degree burns (Roth and Hughes, 2004).

In 2011, Al-Muhammadi and Azeez stated that burns are classified
according to increasing depth as epidermal, first-degree; superficial and deep
partial-thickness, second degree; full-thickness third-degree; and full thickness
with underlying structure fourth-degree.

Thermal injury creates a breach in the surface of the skin. A basic
knowledge of skin anatomy and physiology is required to understand emergency
burn assessment and approaches to burn care (Wysocki 2002).

Thermal burns are caused by intense external sources of heat, such as
flames, scalding liquids, or steam. Burns resulting from an impaired driving crash
are most likely thermal burns.

As the body the first line of defense, the skin is continuously subjected to
potentially harmful environmental agents, including solid matter, liquids, gases,
sunlight, and microorganisms. The skin also serves as immunological barrier
(Abston et al., 2000).

Al-Muhammadi and Azeez (2011) declared that burns are the only truly
quantifiable form of trauma, and the severity of any burn injury is related to the

8
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size and depth of the burn, and to the part of the body that has been burned. They
added that the effects of thermal injury are both local and systemic infections. The
term systemic inflammatory response syndrome (SIRS) summarizes these
conditions. SIRS with infection (i.e. sepsis syndrome) is a major factor
determining morbidity and mortality in thermally injured patients.

Yang et al. (2007) stated that response to thermal injury includes cellular
protection mechanisms, inflammation, hypermetabolism, prolonged catabolism,
organ dysfunction and immunosuppression.

In 2006, Church et al. illustrated that the single most important factor in
predicting burn-related mortality, need for specialized care, and the type and
likelihood of complications is the overall size of the burn as a proportion of the
patient's total body surface area (TBSA).

Severe burn injury is characterized by a marked hypermetabolic response
and hypermetabolism and even more markedly by loss of lean body mass. This
hypermetabolic response is accompanied by a progressive decline of host defenses
via immunological abnormalities (Marvaki et al., 2001).

1.2.3 Microbial infections of burn and wound:

Wound infections can be defined as the presence of replicating organisms
within a wound with subsequent host injury (Dow et al., 1999).

Microbial colonization of wounds is characterized by the presence of
multiplying microorganisms on the surface of a wound, but with no immune
response from the host (Edwards and Harding, 2004) and with no associated
clinical signs and symptoms (Bessa et al., 2015).

Microorganisms, such as bacteria, rapidly colonize open skin wounds after
burn injury. Such colonization originates from the patient’s endogenous skin and
gastrointestinal and respiratory flora (Barret and Herndon 2003).

Microorganisms may also be transferred to a patient’s skin surface via
contact with contaminated external environmental surfaces, water, clothes, air, and
the soiled hands of health care workers (Weber et al., 1997).

9
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Immediately following injury, Gram-positive bacteria from the patient’s
endogenous skin flora or the external environment predominantly colonize the
burn wound (Barret and Herndon 2003).

Endogenous Gram-negative bacteria from the patient’s gastrointestinal flora
also rapidly colonize the burn wound surface in the first few days after injury
(Ramzy et al., 2000).

Microorganisms transmitted from the hospital environment tend to be
more resistant to antimicrobial agents than those originating from the patient’s
normal flora (Clark et al., 2003).

Church et al. (2006) pointed out that table (1.1), bacteria and fungi are the
most common pathogens of burn wounds. These microbes form multi-species
biofilms on burn wounds within 48 — 72 h of injury. Moreover, Gram-positive
bacteria are some of the first to colonize burns, followed quickly by gram-negative.
Fungal infection tends to occur in the later stages after the majority of bacteria
have been eliminated by topical antibiotics. They listed in table (1.2) the
microorganisms that originate from the patient’s own skin, gut and respiratory
flora, as well as from contact with contaminated health care environments and
workers.

Table 1.1: Microorganisms causing invasive burn wound infection (Church
et al., 2006).

Group Species

Gram-positive organisms Staphylococcus aureus
Methicillin-resistant S. aureus
Coagulase-negative staphylococci
Enterococcus spp.

Vancomycin-resistant enterococci

Gram-negative organisms Pseudomonas aeruginosa

10
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Escherichia coli
Klebsiella pneumoniae
Serratia marcescens
Enterobacter spp.
Proteus spp.
Acinetobacter spp.

Bacteroides spp.

Fungi Candida spp.
Aspergillus spp.
Fusarium spp.
Alternaria spp.
Rhizopus spp.
Mucor spp.

Viruses Herpes simplex virus
Cytomegalovirus

Varicella-zoster virus

Prior to the antibiotic era, Streptococcus pyogenes (group A beta-hemolytic
streptococci) was the predominant pathogen implicated in burn wound infections
and was a major cause of death in severely burned patients (Bang et al., 1999).

Lilly et al. in 1979 reported that Staphylococcus aureus became the principal
etiological agent of burn wound infections shortly after the introduction of
penicillin G in the early 1950s, which resulted in the virtual elimination of
Streptococcus pyogenes as a cause of infection in thermally injured patients
(Phillips et al., 1989).

Methicillin-resistant Staphylococcus aureus (MRSA) can be difficult to

eradicate because they often can colonize a host for a long time before causing an

11
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infection; until symptoms of infection emerge, MRSA remains undetected and
untreated (Zetola et al., 2005).

Although Staphylococcus aureus remains a common cause of early burn
wound infection, Pseudomonas aeruginosa from the patient’s endogenous
gastrointestinal flora and/or an environmental source is the most common cause of
burn wound infections in many centers (Altoparlak et al., 2004).

The incidence of infections due to less commonly encountered microbes,
including other gram-positive and gram-negative bacteria, fungi, and viruses, has
also increased steadily in subsequent decades (Dalamaga et al., 2003).

The emergence worldwide of antimicrobial resistance among a wide variety
of human bacterial and fungal burn wound pathogens, particularly nosocomial
isolates, limits the available therapeutic options for effective treatment of burn
wound infections (Gales et al., 2001).

MRSA, methicillin-resistant coagulase-negative staphylococci, vancomycin-
resistant enterococci, and multiply resistant gram-negative bacteria that possess
several types of beta-lactamases, including extended spectrum beta-lactamases,
ampC beta-lactamases, and metallobeta-lactamases, have been emerging as serious
pathogens in hospitalized patients (Embil et al., 2001).

1.2.4 Formation of biofilms:

Biofilms are complex communities of surface-attached aggregates of
microorganisms embedded in a self-secreted extracellular polysaccharide matrix,
or slime. A wide range of natural and artificial environments and provide their
constituent microbial cells with a plethora of protected dynamic
microenvironments (Stoodley et al., 2002).

Once mature, biofilms act as efficient barriers against antimicrobial
agents and the host immune system, resulting in persistent colonization
and/or infection at the site of biofilms formation (Edwards and Harding, 2004).

In animals with experimentally inflicted partial thickness cutaneous burns,

mature biofilms develop in 48 to72 h; while in vitro experiments with
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Pseudomonas aeruginosa strains recovered from human burn wounds demonstrate
that mature biofilms can form in about 10 h (Harrison-Balestra et al., 2003).

Harrison-Balestra et al. (2003) stated that factors delaying the formation of
biofilms in vivo may be related to the need for microbial nutrient replenishment,
exposure to killing by the immune system, and immediate wound cleansing.
Bacteria within a biofilm typically undergo a phenotypic change whereby
microbial virulence factor production is altered and metabolic rate and motility are
reduced (Edwards and Harding 2004).

Harrison-Balestra et al. (2003) suggested channels formed within the
protective environment of the biofilm facilitate the transport of nutrients and
microbial waste products. Intercellular signaling molecules produced by bacteria
within the biofilm are able to traverse these channels and influence the overall
growth pattern and behavior of the biofilm in response to various host and
environmental factors (Mack et al., 2004).

1.2.5 Virulence factors and tissue invasion:

The risk of invasive burn and wound infection is influenced by the extent
and depth of the injury, various host factors, and the quantity and virulence of the
microbial flora colonizing the wound. Common burn wound pathogens such as
Pseudomonas aeruginosa and Staphylococcus aureus produce a number of
virulence factors that are important in the pathogenesis of invasive infection
(Church et al., 2006).

Pseudomonas aeruginosa produces a number of cell-associated (adhesins,
alginate, pili, flagella, and lipopolysaccharide) and extracellular (elastase,
exoenzyme S, exotoxin A, hemolysins, iron-binding proteins, leukocidins, and
proteases) virulence factors that mediate a number of processes, including
adhesion, nutrient acquisition, immune system evasion, leukocyte killing, tissue

destruction, and bloodstream invasion (Tredget et al., 2004).
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Laupland et al. (2005) declared that Pseudomonas aeruginosa also carries
many intrinsic and acquired antimicrobial resistance traits that make infected burn
wounds difficult to treat.

In 2004, Foster mentions that Staphylococcus aureus also has a diverse array
of virulence factors that facilitate adherence to host tissues, immune system
evasion, and destruction of host cells and tissues, including coagulase, protein A,
leukocidins, hemolysins, and superantigens.

Resistance to methicillin in Staphylococcus aureus, and more recently
emergence of resistance to glycopeptides and oxazolidinones, also complicate the
treatment of burn wound infections and sepsis caused by this highly virulent
organism (Meka et al., 2004).

1.2.6 Probiotics:

Probiotics is a term derived from the Greek, meaning “for life”. Nobel laureate
Elie Metchnikoff formulated the probiotic concept approximately 100 years ago.
He proposed that consumption of certain ‘lactic bacilli’ would be beneficial to
humans by maximizing health-promoting activities of the gastrointestinal
microbiota and minimizing their potentially harmful effects (Metchnikoff, 1907;
Casas and Dobrogosz, 2000).

Lilley and Stillwell (1965) defined probiotics as substances secreted by one
microorganism to stimulate the growth of another microorganism, as opposite to an
antibiotic.

Parker (1974), who described probiotics as organisms and substances which
contribute to intestinal microbial balance, was the first to include microorganisms
into the definition which is in the sense that it is used today.

Later, Fuller (1989) recognized probiotics as “a live microbial feed supplement
which beneficially affects the host (humans or animals) by improving its intestinal
microbial balance”. Furthermore, the probiotics concept was broadened, as “a

viable mono- or mixed- culture of microorganisms which applied to animal or
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man, beneficially affects the host by improving the properties of the indigenous
microflora” (Havenaar and Huisin’t Veld, 1992).

The definition of probiotics continues to be improved, and was made official
by the Food and Agriculture Organization (FAO) and the World Health
Organization (WHO) as “live microorganisms which when administrated in
adequate amounts confer a health benefit on the host” (Corcionivosch et al., 2010).

Probiotics may produce their effects with viable as well as nonviable bacteria,
suggesting that metabolic or secreted factors or structural or cellular components
may mediate their immunomodulatory activities (Brochers et al., 2009).

Giahi et al. (2012) mentioned that dead bacteria and bacterial molecular
components may also exhibit probiotic properties.

Furthermore, "postbiotic™ is a term used to define the secreted probiotic-
derived compounds that have beneficial effects on the host (Cicenia et al., 2014).

In 2013, Fontana et al., declared that Bifidobacterium and Lactobacillus strains
are the most widely used probiotic bacteria which exhibited health-promoting
properties, such as the maintenance of the gut barrier function and the local and
systemic modulation of the host immune system (Collado et al., 2009).

A number of health benefits have been claimed for probiotic bacteria and are
also being recommended as a preventive approach to maintain their beneficial

effects on humans including:
e The balance of intestinal microflora (Shah, 2007).

e Stabilization of intestinal microflora, excluding colonization of
enteropathogenic bacteria by adhesion to the intestinal wall and
competition for nutrients, (Denev, 2006).

e Reduction of lactose intolerance (de Vrese et al., 2001).
e Prevention of antibiotic-induced diarrhoea (Pochapin, 2000).
e Prevention of colon cancer (Wollowski et al., 2001).

e Stimulation of the immune system (Isolauri et al., 2001).
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Probiotic microorganisms should express high tolerance to acid and bile and
ability to adhere to intestinal surfaces in order to survive and colonize in the
gastro-intestinal tract (GIT). However, in vivo testing is expensive, time consuming
and requires approval by ethical committees. Hence, reliable in vitro methods for
selection of promising strains have been used by researchers (Jacobsen et al.,
1999).

Ammor et al. (2007) indicated that probiotics have a unique feature which is
their antibiotic resistance expression and transferability as there is a great concern
over possible spread of resistance determinants to human pathogenic and

opportunistic bacteria.

The application of probiotics provides a potential alternative strategy to the
use of antibiotics (Hou et al., 2015).

In 2010, Rattanachaikunsopon and Phumkhachorn indicated that
Lactobacilli are highly competitive largely due to their applications in the
production of fermented food. They can also produce antimicrobial substances
including bacteriocins that have ability to inhibit pathogenic and food spoilage
bacteria. These compounds have shown to exert specific antagonistic properties

against Gram-negative and Gram-positive pathogens.

Adhesion of lactic acid bacteria (LAB) to mucosal surfaces has been studied

in vitro using Caco-2 cells (Duary et al., 2011).

1.2.7 Mechanism of action of probiotics:

The major probiotic mechanisms of action include enhancement of the
epithelial barrier, increased adhesion to intestinal mucosa, and concomitant
inhibition of pathogen adhesion, competitive exclusion of pathogenic
microorganisms, production of anti-microorganism substances and modulation of

the immune system (Plaza-Diaz et al., 2012).
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1.2.7.1 Enhancement of the epithelial barrier:

The intestinal barrier is a major defense mechanism used to maintain
epithelial integrity and to protect the organism from the environment (Plaza-Diaz
etal., 2012).

Once this barrier function is disrupted, bacterial and food antigens can reach
the submucosa and can induce inflammatory responses, which may result in
intestinal disorders, such as inflammatory bowel disease (Sartor, 2006).

Several studies have indicated that enhancing the expression of genes
involved in tight junction signaling is a possible mechanism to reinforce intestinal
barrier integrity (Anderson et al., 2010).

In 2012, Hummel et al. found that lactobacilli modulate the regulation of
several genes encoding adherence junction proteins, such as E-cadherin and -
catenin, in a T84 cell barrier model. Moreover, incubation of intestinal cells with
lactobacilli differentially influences the phosphorylation of adherence junction
proteins and the abundance of protein kinase C (PKC) isoforms, such as PKC,
thereby positively modulating epithelial barrier function.

1.2.7.2 Adherence and colonization to gut:

Adhesion to intestinal mucosa is regarded as a prerequisite for colonization
and is important for the interaction between probiotic strains and the host
(Juntunen et al., 2001).

Adhesion is also important for modulation of the immune system (Perdigon

et al., 2002) and antagonism against pathogens (Hirano et al., 2003).

As stated by Lin et al. (2008), probiotic microorganisms have the ability to
adhere to the epithelial cells due to their anti-adhesive effects which block

adherence of the pathogens.

These effects which might be due to competitive exclusion for the same
receptor by the probiotics and the pathogens, are secretion of proteins that destroy
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the receptor, induction of bio-surfactants, establishing a biofilm, and production of

receptor analogues (Oelschlaeger, 2010).
1.2.7.3 Competitive exclusion of pathogenic microorganisms:

Competitive exclusion by intestinal bacteria is based on a bacterium-to-
bacterium interaction mediated by competition for available nutrients and for
mucosal adhesion sites. To gain a competitive advantage, bacteria can also modify
their environment to make it less suitable for their competitors (Plaza-Diaz et al.,
2012).

The production of antimicrobial substances, such as lactic and acetic acid, is
one example of this type of environmental modification (Schiffrin and Blum
2002).

Another way of competition is by limiting the resources by probiotic
bacteria, it was found by Weinberg (1997) that almost all bacteria need iron as an
essential element with the exception of Lactobacillus which didn't need iron in

their natural habitat.

In a study performed in Italy, Lactobacillius acidophilus and Lb. delbrueckii
were found to be able to bind ferric hydroxide at their surface making it
unavailable to pathogenic microorganisms. This mechanism is of crucial advantage

in competition with other microorganisms which depend on iron (Elli et al., 2000).
1.2.7.4 Anti—-invasive effects of probiotics:

Hess et al. (2004) declared that not only adhesion but also invasion of
epithelial cells is an important property for full pathogenicity of many gut
pathogens; the ability to inhibit bacterial invasion of gut epithelial cells by

pathogens is rather wide spread among probiotics.

Number of researchers confirmed that some probiotics (like Lactobacillus

and Bifidobacterium strain Bb12) had the ability to secrete factors which interfere
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with the invasion of host epithelial cells by Salmonella typhimurium (Botes et al.,
2008).

1.2.7.5 Production of antimicrobial substance:

Organic acids, in particular acetic acid and lactic acid, have a strong
inhibitory effect against Gram-negative bacteria, and they have been considered
the main antimicrobial compounds responsible for the inhibitory activity of

probiotics against pathogens (Alakomi et al., 2000; Makras et al., 2006).

The undissociated form of the organic acid enters the bacterial cell and
dissociates inside its cytoplasm. The eventual lowering of the intracellular pH or
the intracellular accumulation of the ionized form of the organic acid can lead to
the death of the pathogen (Ouwehand 1998).

In 2009, Wohlgemuth et al. reported that lactic acid bacteria including Lb.
plantarum and Lb. acidophilus had the ability to inhibit growth of Gram positive
and Gram negative bacteria. This is due to their ability to produce organic acids
(lactic acid and acetic acid), hydrogen peroxide, bacteriocin-like substances, and

possibly bio-surfactants (Bierbaum and Sahl, 2009).
1.2.7.6 Immunomodulatory effects of probiotics:

Probiotic bacteria can exert an immunomodulatory effect. These bacteria
have the ability to interact with epithelial and dendritic cells and with

monocytes/macrophages and lymphocytes (Plaza-Diaz et al., 2012).

Isolauri et al. (1995) mentioned that many probiotic strains were able to
stimulate production of immunoglobulin A (IgA) that helps in maintaining
humoral immunity of the intestine by binding to the antigen and limiting their

access to the epithelium.
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1.2.8 Lactobacillus as a probiotic:

Lactobacilli are often considered to be commensal or beneficial participants
in human microbial ecology and considerable research is being carried out on the
effects for the use of lactobacilli as additives in both human and animal diets
(Hummel et al., 2007).

Shah (2007) mentioned that the probiotic activity of lactic acid bacteria

(Lactobacilli, Streptococci and Bifidobacteria) has been emphasized.
1.2.8.1 Lactobacillus reuteri:

Lactobacillus reuteri is an obligatorily heterofermentative lactic acid
bacteria, a microaerophilic, and is a common inhabitant of the gastrointestinal tract
of humans (Kawai et al., 2010) and animals such as pigs, turkeys, chickens, and

monkeys (Jonsson et al., 2001).

Gines et al. (2000) approved that some species of Lb. reuteri produce the
enzyme invertase, which is used in converting sugar from sucrose (Kaplan and
Bakir, 1998).

In addition, Lb. reuteri produces a large amount of glucan and fructan
exopolysaccharides, which are considered probiotics (Hijum et al., 2001). Number
of researchers investigated these prebiotics with regards to antitumour activity
(Roos and Katan, 2000), immunomodulation (Schiffrin et al., 1995), and
cholesterol reduction (Roberfroid, 1993).

One of the proposed mechanisms of action that Lb. reuteri uses is the
production of the antimicrobial compound 3-hydroxypropionaldehyde (3-HPA),
also referred to as reuterin (Talarico et al., 1988).

Reuterin is produced as an intermediate step in the conversion of glycerol to
1,3- propanediol, a pathway proposed to regenerate NAD+ from NADH and to
contribute to improved growth yield (Luthi-Peng et al., 2002).
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Mitsouka (1992) estimated Lb. reuteri as the most important representative
of Lactobacillus microflora in humans and numerous animals. Sarra et al. (1979)
found out Lb. reuteri even as dominant heterofermentative species of Lactobacilli

in calves' intestine.

1.2.8.2 Lactobacillus acidophilus:

Lactobacillus acidophilus is a well-known and well-studied probiotic
microorganism. However, different strains undoubtedly vary in their efficiency and
probiotic potentialsm (Ng et al., 2009).
1.2.8.3 Lactobacillus rhamnosus:

Lactobacillus rhamnosus was identified as a potential probiotic strain because
of its resistance to acid and bile, good growth characteristics and adhesion
capacity to the intestinal epithelial layer (Doron et al., 2005).

1.2.9 Bifidobacterium longum:

According to a study, Bifidobacteria constitute over 95% of the intestinal
flora in breast-fed infants (Yoshioka et al., 1991).

Bifidobacterium is producing lactic acid and acetic acid as the main products

of glucose utilization (Ishibashi et al., 1997).
1.2.10 Acetic acid (vinegar):

1.2.10.1 Definition of acetic acid and apple vinegar:

Acetic acid is an organic compound with a chemical formula of CH3CO2H
(also written as CH3COOH or C2H402). It is a colorless liquid with a distinctive
sour taste and pungent smell. It is classified as a weak acid but corrosive when

concentrated.

Morales et al. (2002) mentioned other constituents of vinegar include
vitamins, minerals, salts, amino acids, poly phenolic compounds and nonvolatile

organic acids (Natera et al., 2003).
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Vinegar, from the French vin aigre, meaning “sour wine,” can be made from
almost any fermentable carbohydrate source. Initially, yeasts ferment the natural
food sugars to alcohol. Next, acetic acid bacteria (Acetobacter) convert the alcohol

to acetic acid (Johnston and Gaas 2006).

Apple cider vinegar is a product with increasing interest in the recent years,
because of proposed health benefits brought about by a diet containing vinegar,

besides its wide culinary usability.

Vinegar is sometimes the result of failed cider fermentation or poor storage
conditions for cider (Heikefelt, 2011).

Cider and vinegar are both produced by fermentation. During alcoholic
fermentation, yeasts utilize sugar in apple juice to produce ethanol, an anaerobic

process that results in cider.

The production of vinegar involves an additional aerobic fermentation step,
where acetic acid bacteria convert ethanol in cider into acetic acid (Heikefelt,
2011).

1.2.10.2 Mode of action of vinegar:

In 1973, Leveen declared the mode of action of acetic acid is through the
acidification of wound which increases the pO, and reduces the histotoxicity of
ammonia which may be present. This acidification of a wound is, however,

relatively short lived.
1.2.10.3 Vinegar as antimicrobial agent:

As early as in 1916, elimination of Pseudomonas in superficial war wounds
with the application of 1% acetic acid was reported. Again in 1968, a 5% solution
of acetic acid was shown to be effective at eliminating Pseudomonas aeruginosa

from infected wounds (Hansson and Faergemann, 1995).
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Hansson and Faergemann (1995) indicated that gauze dressings soaked with
acetic acid were effective in decreasing the number of Staphylococcus aureus and

Gram- negative rods with patients have venous leg ulcers.

In 1992, Milner mentioned absence of pain or discomfort as adverse effect
for using acetic acid, upon using 5% acetic acid in treatment of 9 patients, none of
them showed discomfort, two wounds lost Pseudomonas, species within 2 days,
four within one week, and only one patients had grown bacteria after three weeks.

Following eradication of Pseudomonas, the wounds were found to heal rapidly.

Sloss et al. (1993) proved that Pseudomonas cultured can be inhibited by
acetic acid in vitro. Drosou et al. (2003) found that cytotoxic effects of acetic acid

in vitro but clinically no such effects have been found.

Some studies have suggested that it is possible that application of acetic acid
may confer other benefits on the healing process as well as the removal of bacteria.
When the effect of acetic acid on reepithelization was conducted on animal and
human models, no negative impact on wound healing was detected (Kjolseth et al.,
1994).

Although acetic acid was initially delaying the reepithelization, but after the
eighth day, this effect disappeared and tensile wound strength was not influenced

(Lineaweaver et al., 1985).
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2. Materials and Methods:

2.1 Materials:

2.1.1 Apparatus and equipments

The following apparatus and equipments were used in this study:

Table 2.1: Apparatus and equipments

Apparatus or equipment

Company (Origin)

Anaerobic jar

Rodwell (England)

Autoclave Express (Germany)
Compound light microscope Olympus (Japan)
Deep-Freeze GLF (Germany)

Digital balance

Ohans (France)

Incubator

GallenKamp (England)

Laminar air flow

Memmert (Germany)

Magnetic stirrer

GallenKamp (England)

Micropipette

Witey (Germany)

pH-meter

Radiometer (Denmark)

Refrigerator

Concord (France)

UV/VIS spectrophotometer BUCK (USA)

Vacuum oven MTI (USA)

Vitek?2 Biomereiux (France)
Vortex Giffin( England)
Water bath GallenKamp (England)

Water distiller

GLF (Germany)

2.1.2 Biological and chemical materials:

The following chemicals and biological materials were used in this

study:
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Table 2.2: Biological and chemical materials

Material Company (Origin)
Ethanol 70% Locally produced (Iraq)
Peptone Himedia (India)
Methyl red
Agar
NaOH BDH (England)
NaCl
HCI

2.1.3 Therapeutic agents:
The following therapeutic agents were used in this study:

Table 2.3: Therapeutic agents

Agent Source

Apple vinegar Locally produced (Iraq) and
Imported (Turkey)

Probiotics (Lactobacillus spp | Nature's way (USA)
and

Bifidobacterium longum )

Probiotic (Lactobacillus reuteri) | BioGaia (Sweden)

2.1.4 Reagents, solution and kit (Ready-to-use):

a) Reagents: (BHD / England)
« KOH, a-naphthol.
« Kovacs.
o Oxidase.
o Catalase.

b) Turbidity standard solution:
« McFarland No. 0.5 (1x 108). (Pro-Lab Diagnostics / Canada).
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¢) Kit:
o Gram stain (Fluka / Switzerland).
« Vitek 2 system: (bioMérieux / France)
GN ID Card: gram-negative fermenting and non-fermenting.
GP ID Card: Gram-positive cocci and non-spore-forming bacilli.
2.1.5 Antibiotic discs: (Bioanalyse / Turkey):
Table 2.4: Antibiotic discs

Antibiotic Symbol Concentration

(Hg)
Amikacin AK 30
Amoxicillin AMX 30
Ampicillin AP 30
Cefixime CFM 30
Cefotaxime CTX 30
Chloramphenicol C 30
Ciprofloxacin CIP 30
Clindamycin DA 30
Erythromycin E 15
Imipenem IPM 10
Tetracycline TE 30
Vancomycin VA 30

2.1.6 Culture media:
a) Ready-to-use media:
The following media were prepared and sterilized as mentioned on

their containers by the manufacturing companies:
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Table 2.5: Ready-to-use media

Medium Company (Origin)
Brain heart infusion broth Difco (USA)
Cetrimide agar Biolife (Italy)

de Man, Rogosa and Sharpe (MRS) agar

de Man, Rogosa and Sharpe (MRS) broth

Eosin Methylene blue agar (EMB)

MacConkey agar

Manitol salt i i [
anitol salt agar Himedia (India)

Triple sugar iron agar

Muller-Hinton agar

Methyl red — Voges Proskauer (MR-VP)
broth Oxoid (England)

Stuarts medium
Nutrient broth

Simmon'’s citrate agar

b) Laboratory-prepared media:
Blood agar and peptone water were freshly prepared and sterilized as

will be explained in item (2.2.6).
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2.2 Methods
2.2.1 Samples collection and cultivation:

Samples were collected from 58 patients of various ages and genders
suffering from burn and wound injuries who referred to Al-Kindy Teaching
Hospital and Al-Yarmook Teaching Hospital from November 2014 to February
2015.

The samples were taken from wounds by sterile disposable cotton swabs and
kept in the transport medium (Stuart transport medium). They were, then, cultured
onto MacConkey agar and blood agar plates before incubating at 37°C for 24 hrs.
After incubation, grown bacterial colonies were subjected for identification as
illustrated in item (2.2.7).

A special form (Appendix 1) was designed and to be filled with the name,
sex, age, date of sampling, degree of injury and previous treatment of each patient.
2.2.2 Sterilizing methods: (Bailey et al., 1990)

Two methods of sterilization were used:
a) Moist-heat sterilization (Autoclaving):
Microbial culture media, solutions, and reagents were sterilized by
autoclaving at 121°C (15 Ib\ inch?) for 15 min unless otherwise stated.
b) Dry-heat sterilization (oven):
Electric oven was used to sterilize glassware at 180 °C for 3 hrs.
2.2.3 Preparation of solutions:
a) Normal saline:
It was prepared by dissolving 0.85 g NaCl in 100 ml of distilled water
and sterilized by autoclaving.
b) Sodium Hydroxide solution (NaOH):
It was prepared by dissolving 0.4 g NaOH (0.1 N) in 100 ml of
distilled water.
2.2.4 Probiotic solutions:
Two oral probiotic solutions were used in this study:
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a) Liquid probiotic solution:

It was prepared by inoculating 30 drops of the stock oral probiotic
solution in 5-7 ml of MRS. For each 5 drops the probiotic solution contains
1x108 CFU/ml of Lactobacillus reuteri cells as stated by the manufacturer.

b) Tablet probiotic solution:

It was prepared by dissolving one chewable tablet in 5-7 ml of
sterilized tap water, then; 1 ml of the solution was transferred to a test tube
containing 9 ml of MRS broth. Each tablet contained a mixture of
Lactobacillus acidophilus, Lactobacillus reuteri, Lactobacillus rhamnosus,
and Bifidobacterium longum in concentration of 1x10° CFU/mI for each
species as stated by the manufacturer.

2.2.5 Activation of probiotics:
Probiotic solutions were activated separately by transferring 1 ml of each to
5-7 ml of MRS broth before incubating anaerobically in a candle jar at 37 C° for 2
days for each of Lactobacillus reuteri and the mixture.
2.2.6 Preparing fresh media:
a) Blood agar: (Atlas et al., 1995).

It was prepared by dissolving 40 g of blood base agar in 1000 ml of
distilled water and autoclaved. After cooling to 50°C, 5% of human blood
was added, mixed well and distributed into sterilized Petri-dishes.

b) Peptone water: (Mackie and McCartney, 1996).

This medium was prepared by dissolving 5 g of peptone in 100 ml of
distilled water. It was distributed in test tubes (5ml each) and sterilized by
autoclaving, then stored at 4°C until use.

2.2.7 ldentification of bacterial isolates:
Suspected bacterial isolates (Item 2.2.1) were primarily identified by
microscopic and cultural examinations, then by the biochemical tests for final

identification as follows:
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A) Cultural examination: (Garrity, 2005)

Colonies grown on cultural media were described according to their

shape, size, margin, color, and odor.

B) Microscopic examination: (Forbes et al., 2007).

Gram staining was used to describe shape, Gram reaction and

grouping of isolate cells.
C) Biochemical tests: (Holt et al., 1994; Garrity, 2005)

a)

b)

d)

e)

Indole test:

Peptone water test tubes prepared in item (2.2.6.b) were inoculated
with the fresh culture of the bacterial isolates, separately, before
incubated at 37 °C for 24 hrs. A portion of 0.5 ml Kovac's reagent was
added for each test tube. Appearance of red ring at the top of broth
indicates a positive result.

Methyl-red test:

Suspected colonies were inoculated in MR-VP broth and incubated at
37°C for 24 hrs. After incubation, 3-4 drops of methyl red reagent were
added. Converting media color after incubation to red is a positive result.
Voges-Proskauer test:

Suspected colonies were inoculated in MR-VP broth and incubated
at 37°C for 24 hrs, and then two drops of VP1 and four of VP2 were
added. Appearance of red color after 30 min indicates a positive result.
Citrate test (Simmon's Citrate slant):

Simmon's Citrate slant were inoculated with the suspected bacterial
isolates by streaking on the slant and incubated at 37 °C for 24 hrs.
Appearance of growth and changing medium color from green to blue
indicate a positive result.

Oxidase test:
This test was done by using a moisten paper with few drops of

oxidase reagent. Cells from suspected isolates were picked up with a
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9)

sterile wooden stick and smeared on the moisten paper. A positive result
was detected by development of a violet or purple color within 10
seconds.

Catalase test:

A single colony of suspected bacterial isolates was placed onto a clean
glass microscope slide with a sterile toothpick, and then a drop of
hydrogen peroxide was placed onto the colony. Production of gaseous
bubbles indicates the presence of catalase enzyme.

Coagulase test:

Two forms of the coagulase test have been applied to detect the
enzymes: the tube test and the slide test. In the slide test, bacteria were
transferred to a slide containing a small amount of plasma. Agglutination
of the cells on the slide within one to two minutes indicates the presence
of bound coagulase. The tube test is performed by adding the test
organism to rabbit plasma in a test tube. Coagulation of the plasma
(including any thickening or formation of fibrin threads) within 24 hours
indicates a positive reaction. The plasma is typically examined for
clotting (without shaking) after about 4 hours because it is possible for

coagulation to take place early and revert to liquid within24 hours.

h) Triple sugar iron agar test (TSI):

Triple sugar iron agar slants were inoculated with the suspected
bacterial isolates, and then incubated at 37 °C for 24 hrs. The result was
read as follows:

No change / No change — No change / No change
Alkaline/Alkaline -Red/ Red (lactose and sucrose nonfermenter).
Alkaline/ No change — Red/ Red (glucose, lactose and sucrose
nonfermenter).

Alkaline /Acid — Red /Yellow (glucose fermentation only)

Acid /Acid — Yellow/Yellow (glucose, lactose and/or sucrose ferment).
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H.S production — Black precipitation
Gas production — Bubbles formation.
2.2.8 ldentification of bacteria by VITEK 2 system:

The VITEK 2 which is recently installed at the Central Health
Laboratories/Ministry of Health is an automated microbiology system utilizing
growth-based technology.

A sterile swab sample used to transfer a sufficient number of colonies of a
pure culture and to suspend them into 3 ml of normal saline (NaCl 0.45%, pH 5-7).
Then turbidity adjusted by a turbidity meter called the DensiCheck to match 0.5 —
0.6 McFarland which is the proper inoculum density for Gram-negative and Gram-
positive bacteria as stated by the manufacturer, (Appendages 3.1to 3.10).

2.2.9 Maintenance of bacterial isolates:
Culture of bacterial isolates were maintained according to Johnson et al.,
(1988) as follows:
a) Short — term storage (few weeks):

Bacterial isolates were maintained for few weeks by culturing on
plates of brain heart agar, and incubated at 37°C for overnight. The plates
were then tightly wrapped with parafilm and stored at 4 °C.

b) Medium — term storage (few months):

Bacterial isolates were maintained as stab culture for few months by
inoculation in small screw capped bottles containing (5 — 8) ml of sterile
brain heart agar (as slants), then incubated at 37°C for 24 hrs. The bottles
were then tightly wrapped with parafilm and stored at 4°C.

c) Long time storage: (Boonaert and Rouxhet, 2000)

Test tube containing 10 ml sterile brain heart broth was inoculated
with the bacterial isolate, and incubated at 37°C for 24 hrs. After incubation,
sterile glycerol (20%) was added and mixed by vortex before freezing at (—
20) °C.
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2.2.10 Antibiotic susceptibility test:

Antibiotic susceptibility tests were performed by using Kirby Bauer's disc
diffusion method according to the Manual on Antimicrobial Susceptibility Testing
(2004). Results were compared with Clinical Laboratory Standards Institute
(CLSI) (2012).

The inoculums were prepared by suspending the colonies of isolates, grown
forl8-24 hrs on agar plate, in the saline solution to match the 0.5 McFarland
turbidity standard.

A sterile cotton swab was dipped into the suspension and pressed firmly on
the inside wall of the tube to remove excess inoculums from the swab.

The Muller-Hinton agar plates were inoculated by streaking the swab all
over the entire agar surface.

The inoculated plates were then placed at room temperature for 3 to 5 min to
allow adsorption of excess moisture. After that, the antibiotic discs were placed
and pressed gently on the inoculated plates with forceps to ensure contact with the
agar.

Then the inoculated plates were incubated at 37 ‘C for 18-24 hrs. After
incubation, diameters (mm) of the inhibition zones were measured and compared
with the standards of the CLSI.

2.2.11 Apple vinegar samples:
Three types of apple vinegar samples were used in this study:
a) Commercial apple vinegar (Vg):
It is commercial imported vinegar that produced in large-scale
fermentor then sold as a brand at the local retail markets in sealed 500- ml
bottles.
b) Homemade apple vinegar (Vr):
It was obtained from the local shops as home-made raw apple vinegar
filled in various shapes and sizes of containers. It was pasteurized before

use.
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c) Chemically-synthesized apple vinegar (Vc):

It was made by diluting the concentrated glacial acetic acid and
fortified with apple flavor. It is usually sold as a commercial brand in sealed
bottles of 470 ml apple vinegar.

2.2.12 Measurement of Titratable Acidity:

According to Garner et al. (2008), pH of vinegar sample (2 ml) was
measured by the pH-meter and the value is recorded. After that, 50 ml distilled
water was added to the vinegar sample, the sample was titrated with 0.1 N NaOH
to an end point of 8.2, then, pH was measured and the milliliters (ml) of NaOH
used was recorded. Finally, titratable acidity was calculated by using the following
formula:

% Titratable acidity= N x V1 X Eq.wt/ V;x 10

Where

N = normality of titrant

V1 = volume of titrant

Eqg.wt = equivalent weight of predominant acid
V, = volume of sample

2.2.13 Detecting antibacterial activity against bacterial isolates:

Agar well bioassay was employed for testing the antibacterial activity of the
agents (probiotics and vinegar). The probiotic bacterial isolates were prepared by
inoculating 2% of the inoculum of Lb. reuteri (6 x 108) or the mixture of isolates
(1x 10° for each) in MRS broth of pH 6. Then incubated, anaerobically by a candle
jar, at 37°C for 2 days (for the mixture) and 2 days for the Lactobacillus reuteri
isolate (this process was repeated three times to increase the intensity of bacterial
cells) (Lewus et al., 1991).

The fermentation product of each probiotic were concentrated as follows:
One hundred ml of the unconcentrated fermentation product were concentrated to
(50 ml) by putting in the vacuum oven at (40-45) °C to make the one-fold
concentrated fermentation product. The experiment was repeated on the one-fold
concentrated fermentation product to obtain the two-fold concentrated
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fermentation product (25 ml), and same thing was done for the two-fold
concentrated fermentation product to obtain the three-fold concentrated
fermentation product (12.5 ml). All fermentation products (the unconcentrated or
any obtained concentrated fermentation product) were tested for their antibacterial
activity against the pathogenic bacterial isolates as well as their pH values were
measured by using pH meter.

Wells of 5 mm diameter were made by a cork borer in the Muller-Hinton
agar plates that were already spread with the pathogenic bacterial isolate cultures.
The wells were filled with 0.1 ml of each of the probiotics unconcentrated
fermentation product, one-fold concentrated, two-fold concentrated and three-fold
concentrated or each of vinegar types individually. Then combinations between
each probiotic fermentation product (unconcentrated and concentrated) are made
with each of three types of apple vinegar at three different ratios as follow:
probiotic 2:2 vinegar, probiotic 3:1 vinegar and probiotic 1:3 vinegar before
incubation at 37°C for 24 hrs. The antibacterial activity was estimated by
measuring the inhibition zone diameters (in mm) around the wells by ruler.

Controls contained only distilled water. The antibacterial assay for each of
the probiotics, vinegars or their combinations against all microorganisms tested
was performed in duplicates.

2.2.14 Statistical analysis:

Statistical analysis was performed using the SPSS System software.
ANOVA table with Tukey’s multiple comparisons test was used to determine
differences between multiple groups. A P-value of <0.05 was considered

significant.
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3. Results and Discussion
3.1 Isolation of bacteria:

A total of 58 swab samples were collected from patients suffering from
different wound injuries. Majority of the samples (51 swabs) were taken from
patients of burn injury. The other 7 swabs were taken from wounds other than burn
injury and they had been excluded since they gave no bacterial growth when
propagated on the isolation medium.

Out of the 51burn injury samples, 43 (84.3%) of them showed bacterial
occurrence which causing wound infection in the patients suffering from burns. In
this regard, Mooney and Gamelli (1989) pointed out that burn wound infections are
one of the most important and potentially serious complications that occur in the
acute period following injury. Raja and Singha (2007) mentioned that the type and
the amount of microorganisms on and in the injured tissues influence the wound
healing process as well as infectious complications considered as major causes of
morbidity and mortality.

Our study showed high prevalence of bacterial infections among burn
patients which agrees with results of earlier study of Ekrami and Kalantar (2007)
from Iran. The reasons for this high prevalence may be due to factors associated
with the acquisition of nosocomial pathogens in patients with recurrent or long-
term hospitalization, complicating illnesses, prior administration of antimicrobial
agents, or the immunosuppressive effects of burn trauma (Alwan et al., 2011).

Samples infected with only one type of pathogenic bacteria were detected in
21 (48.84%) of 43 patients, while 22 (51.16%) of the patients were infected with
more than one type of bacteria (Polymicrobial infection).

From the 43 samples that gave positive bacterial growth, 64 bacterial

isolates were obtained which were subjected to the identification.
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3.2 Identification of bacterial isolates:
The sixty-four bacterial isolates were identified, primarily, to the genus by
the cultural and microscopic examinations, and then to the species by the

biochemical tests, their numbers and percentages are listed in table (3.2).
Final identification was confirmed by using VITEK 2 system. Results

obtained in this regard as follows:
3.2.1 Cultural characterization:

Identification of the 64 suspected bacterial isolates were performed at first
depending on the characteristics of colonies grown on the surface of MacConkey
and blood agar. Some suspected bacterial isolates were allowed to grow on the
selective media that are more specific for their species as EMB agar, mannitol salt
agar and cetrimide agar.

Regardless to lactose fermenting ability, 46(71.8%) isolates were able to
grow on MacConkey agar with various shapes and morphologies, 30 (46.8 %)
appeared pale or colorless non-lactose fermentor which suspected to belong to
Pseudomonas (Garrity et al., 2005). From the 16 (25%) remaining isolates 10
(15.6%) isolates were found to be lactose fermentor, dome- shaped, 3-4 mm in
diameter after overnight incubation with a mucoid aspect and sometimes
stickiness, these results come in accordance with the corresponding characteristics
that mentioned by Garrity et al. (2005) for Klebsiella, 3 (4.6%) isolates grew well
and produced rose pink to red colonies and were lactose fermentor which indicates
that they may belong to Escherichia (Garrity et al., 2005). 1(1.5%) isolate was
smooth, sometimes mucoid, pale yellow to grayish-white, isolate with such
characteristics suspected to belong to Acinetobacter. 1(1.5%) isolate grew as tiny
pinpoints distinct non-lactose fermenting colorless colony which suspected to
belong to Stenotrophomonas. While one isolate showed late lactose fermentation
which suspected to belong to Enterobacter.

All 64 isolates obtained from burn wound infections were able to grow on
Blood agar with different shapes and morphologies of the colonies, 28 (43.7%)
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isolates display beta hemolysis, a metallic sheen, and blue or green pigment and
grape-like odor, isolates with such characteristics suspected to belong to
Pseudomonas aeruginosa (Garrity et al., 2005). 12 (18.7%) isolates were large,
creamy white and form beta hemolytic colonies according to Garrity et al. (2005)
Staphylococcus has such characteristics. On the other hand, 6 (9.3%) isolates
formed non-hemolytic creamy white colonies which suspected to belong to
Coagulase Negative Staphylococci (Gillespie and Hawkey, 2006).

There were 10 (15.6%) of the isolates grey, round, shiny, non-hemolytic and
mucoid colonies, isolates with such characteristics suspected to belong to
Klebsiella, while 3 (4.6%) isolates were grey, moist non-hemolytic colonies which
suspected to belong to Escherichia (Garrity et al., 2005). 2 (3.1%) isolates did not
possess distinctive colony morphology or odor; they suspected to belong to
Pseudomonas. 1(1.5%) colony appeared yellow or green on blood agar which
suspected to belong to Stenotrophomonas (Garrity et al., 2005). 1(1.5%) isolate
was 2-3 mm in diameter not pigmented and comparable to those of Enterobacteria,
isolate with such characteristics may belong to Acinetobacter (Garrity et al.,
2005).1(1.5%) isolate appeared as round colony in 2-3 mm in diameter non-
haemolytic which suspected to belong to Enterobacter (Garrity et al., 2005).

Isolates that suspected to belong to Gram-negative bacteria were subcultured
on Eosin Methylene Blue (EMB). There were 3 (4.6%) isolates showed dark center
and greenish metallic sheen colonies which suspected to belong to E. coli, while
11(17.1%) isolates, 10 (15.6%) Klebsiella spp and 1 Enterobacter spp (1.5%) grew
with purple dark centered mucoid colonies due to lactose fermentation and acid
production. Other isolates, remain their normal color or take on the coloration of
the medium they suspected to belong to Pseudomonas (30; 46.8%), Acinetobacter
and Stenotrophomonas which represented by one isolate (Leboffe and Pierce,
2011).

Isolates that suspected to belong to genus Staphylococcus were subcultured

on mannitol salt agar and Pseudomonas on cetrimide agar for further
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identifications. On mannitol salt agar which considered selective and differential
medium for the genus Staphylococcus (Benson, 2001), 18(28.1%) isolates had the
ability to grow, 12(18.7%) isolates had the ability to ferment mannitol sugar and
form large golden colonies surrounded by wide yellow zones and turned the color
of the medium from pink to yellow, 6 (9.3%) other isolates were mannitol non
fermentor which appeared as small pink colonies. Isolates grew, but produce no
color change are suspected to be Coagulase Negative Staphylococcus (CoNS),
while the development of yellow halos around the bacterial growth is presumptive
evidence that the organism is a pathogenic Staphylococcus (usually S. aureus)
(Leboffe and Pierce, 2011).

For further identification 28 (43.7%) isolates that suspected to belong to
Pseudomonas aeruginosa were subcultured on cetrimide agar which is a selective
media for the particular specie (Brown and Lowbury, 1965); isolates showed a
blue-green to green pigment.

3.2.2 Microscopic characterization:

The results showed that 30 (46.8%) of the isolates appeared Gram negative,
straight or slightly curved rods and motile which suspected to belong to
Pseudomonas (Forbes et al., 2007). 18 (28%) of the isolates were cocci arranged in
irregular clusters, uniformly positive for gram stain reaction, non-motile and non-
spore forming, AL-Kazaz (2006) described Staphylococci with same
characteristics.10 (15.6%) isolates were Gram-negative, rod-shaped and
encapsulated in pairs or short chains under microscope, isolates with such
characteristics may belong to Klebsiella, while 3(4.6%) isolates appeared Gram-
negative, rod-shaped and motile which suspected to belong to Escherichia (Forbes
et al., 2007).1(1.5%) isolate appeared as coccobacilli, or straight rods with rounded
ends which suspected to belong to Enterobacter (Forbes et al., 2007). 1(1.5%)
isolate was Gram-negative and had the appearance of plump cocci, or coccobacilli
which suspected to belong to Acinetobacter (Forbes et al., 2007).1(1.5%) isolate
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was Gram-negative, short to medium size and straight rods which suspected to
belong to Stenotrophomonas (Forbes et al., 2007).
3.2.3 Biochemical characterization:

Results of the biochemical tests used for identification of bacterial isolates to
the species are as shown in table (3.1).
Table 3.1: Results of the biochemical tests of bacterial isolates that obtained from

burn wound infection patients.

Bacterial Biochemical test

isolate IND | MRVP | CIT | CAT | OXI | CoA | TSI | Gas | H2S
Pseudomonas - - - + + + 0 rr |- -
aeruginosa

Staphylococcus aureus | - -- - + - + vy | - -
Klebsiella pneumoniae | - -+ + + - 0 yly |+ _
Coagulase negative - -- - + - - yiy | - +

Staphylococci (CoNS)

Escherichia coli + + - - + - 0 yly |+ -
Enterobacter cloacae = -+ + + - 0 yIy |+ B
Acinetobacter - - - + + - 0 rr |- -
baumannii

Stenotrophomonas - - - VvV |+ - 0 rr |- -
maltophilia

P. Putida - -- + + - 0 rr |- -
P. alcaligenes - -- + + + 0 rr |- -

IND; Indole, MRVP; Methyl red Voges-Proskauer, CIT; Simmon citrate, CAT;
Catalase, OXI; Oxidase, CoA; Coagulase, TSI; Triple Sugar lron, Gas; Gas
production, (-); negative, (+); positive, r; red, y; yellow, v; 16 to 84% strains

positive, 0; not performed.
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Group of 28 isolates gave negative results for indole, methyl red, Voges-
Proskauer, gas production and H,S precipitation, while they gave positive results
for citrate utilization, catalase and oxidase, and they showed red color in both slant
and butt for triple sugar iron test according to Holt et al. (1994) and Garrity et al.
(2005) these isolates suspected to belong to P. aeruginosa. One isolate showed the
same biochemical results as above which suspected to belong to Pseudomonas
alcaligenes, while another isolate also showed the same results except for oxidase
which gave a negative result, this isolate suspected to belong to Pseudomonas
putida despite that Holt et al. (1994) and Garrity et al. (2005) mentioned that P.
putida gave oxidase positive result.

Group of 18 isolates gave negative results for indole, methyl red, Voges-
Proskauer, citrate utilization, oxidase, gas production and H,S precipitation while
gave positive results for coagulase and catalase and gave yellow color for both
slant and butt which suspected to belong to S. aureus except 6 isolates were
coagulase negative and were positive for H,S precipitation which identified as
Coagulase Negative Staphylococci (CoNS) (Holt et al., 1994; Garrity et al., 2005).

There were 10 isolates that gave negative results for indole, methyl red,
oxidase and H,S precipitation while gave positive results for VVoges-Proskauer,
citrate, catalase and gas production and they gave yellow color for both slant and
butt, these isolates identified as Klebsiella pneumoniae (Holt et al., 1994; Garrity
et al., 2005).

Three isolate gave positive results for indole, methyl red, catalase and gas
production as well as they gave yellow color for slant and butt in TSI test, while
they gave negative results for \Voges-Proskauer, citrate, oxidase and H,S
precipitation, these isolates identified as E. coli (Holt et al., 1994; Garrity et al.,
2005).

One isolate identified as Enterobacter cloacae since it gave positive results

for VVoges-Proskauer, citrate, catalase and gas production while showed negative
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results for indole, methyl red, oxidase and H,S precipitation and gave yellow color
for slant and butt in TSI test (Holt et al., 1994; Garrity et al., 2005).

Tow isolates gave negative results for indole, methyl red, VVoges-Proskauer,
oxidase, gas production and H,S precipitation while they gave red color for both
slant and butt and one of them was positive for catalase and citrate which
suspected to be Acinetobacter baumannii and the other one was positive for
catalase and gave variant results for citrate hence it suspected to be
Stenotrophomonas maltophilia (Holt et al., 1994; Garrity et al., 2005).

The results of the cultural, microscopic and biochemical identification
suggest that the 64 bacterial isolates were belonging to 10 different species.

After that, bacterial species subjected to Vitek 2 system for confirmation.

Table 3.2: Bacterial species obtained from burn wound infections

Occurrence of isolate in Total | Percentage
Bacterial isolate samples number %
Single Mixed
Pseudomonas aeruginosa 13 15 28 43.7
Staphylococcus aureus 3 9 12 18.7
Klebsiella pneumoniae 0 10 10 15.6
Staphylococcus epidermidis 3 3 6 9.3
Escherichia coli 0 3 3 4.6
Enterobacter cloacae 0 1 1 1.5
Acinetobacter baumannii 1 0 1 1.5
Stenotrophomonas 1 0 1 1.5
maltophilia
P. alcaligenes 0 1 1 1.5
P. putida 0 1 1 1.5

As shown in figure 3.1, Gram-negative bacteria were the predominant

pathogens in the burn wound infections represented by 46 (72%) isolates while
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Gram positive bacteria represented by only 18 (28%) isolates, similar findings
were also recorded by various studies such as Ekrami and Kalantar (2007); Alwan
et al. (2011); Magnet et al. (2013). But in studies of Liwimbi and Komolafe (2007)
and Alebachew et al. (2012), Gram-positive are found to be the predominant
organisms in the burn wound infections.

The results of this study indicate that P. aeruginosa was the commonest
isolate (43%) followed by Staphylococcus aureus, this come in accordance with
many previous studies which declared that P. aeruginosa followed by
Staphylococcus aureus are the commonest isolates in burn wound infections
(Agnihotri et al., 2004; Ekrami and Kalantar, 2007; Alwan et al., 201; Magnet et
al., 2013).

In study of Manjula et al. (2007) who reported that Pseudomonas species
was the commonest pathogen isolated (51.5%) from burn wound followed by
Acinetobacter species (14.28%), S. aureus (11.15%), Klebsiella species (9.23%)
and Proteus species (2.3%).

Other study found that S. aureus was the most common isolate while the
second common isolate was P. mirabilis followed by Streptococci spp (Liwimbi
and Komolafe, 2007).

Our study showed P. aeruginosa as a common cause of nosocomial
infection, similar to earlier study of Ekrami and Kalantar (2007). Other studies also
showed that nosocomial infection caused by P. aeruginosa was the major danger in

burn patients (Rastegar et al., 1998; Rastegar et al., 2005).

BACTERIA ISOLATES
Gram-positive
28%

Gram-negative
72%
Figure 3.1: The distribution of Gram-negative and Gram-positive bacteria in

burn wound infections.
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3.2.4 ldentification of bacterial species by VITEK system:

To ensure identification of the bacterial species, VITEK 2 system was used
through its GN (Gram-negative) and GP (Gram-positive) cards. By this system of
identification, 64 bacterial isolates were found to be belonging to ten different
species. The results of VITEK 2 system agreed with the obtained results of the
biochemical tests that applied for the pathogenic isolates that shown in table 3.1.

Their probabilities and confidences are shown in table (3.3), while results of
tests included in VITEK 2 system for each of the bacterial species are shown in
appendages 3.1 to 3.10.

Aziz et al. (2014) referred to the probability and confidence of identification
of Vitek 2 system as the accuracy of the Vitek 2 system.

Garcia-Garrote et al. (2000) pointed out that the VITEK 2 system is an easy-
to-handle system that provides a rapid (during 4 to 15 h) and reasonably accurate
means for the identification of bacterial species.

One of the most important advantages of the VITEK 2 system is the
significant reduction in handling time, which will have a positive impact on the
work flow of the clinical microbiology laboratory. However, the system needs
further improvement in its accuracy of identification, interpretation of results and

database.

Table 3.3: Results of identification of burn wound bacterial isolates by the VITEK

2 system
Bacterial species Probability Confidence Biochemical
details
Pseudomonas aeruginosa 99% Excellent Appendix 3.1
identification
Staphylococcus aureus 89% Good identification | Appendix 3.2
Klebsiella pneumoniae 87% Acceptable Appendix 3.3
identification

44




Chapter Three: Results and Discussion

Staphylococcus 99% Excellent Appendix 3.4
epidermidis identification
Escherichia coli 95% Very good Appendix 3.5

identification

Enterobacter cloacae 97% Excellent Appendix 3.6

identification

Acinetobacter baumannii 99% Excellent Appendix 3.7

identification

Stenotrophomonas 99% Excellent Appendix 3.8
maltophilia identification

P. alcaligenes 97% Low discrimination | Appendix 3.9

P. Putida 98% Low discrimination | Appendix 3.10

3.3 Antibiotic susceptibility of pathogenic bacteria:

Bacterial species were examined for their susceptibility towards 10 different
antibiotics by using disc diffusion method and the obtained results are illustrated in
table (3.4).

All isolates were found to be sensitive to amikacin, which was closed to that
result obtained by Paterson and Yu (1999) who reported high sensitivity to
amikacin among bacterial isolates that isolated from different microbial infections.

Umadevi et al. (2011) also declared that the members of Enterobacteriaceae
were found to be susceptible to amikacin. Results also showed that most the
bacterial isolates were completely sensitive to imipenem.

In this regard, Livemore et al. (2001) found that imipenem have strong
activity against most Enterobacteriaceae bacteria included in their study.

In contrast, all bacterial isolates were resistant to the B-lactam group (other
than imipenem) antibiotics used with the exception Staphylococcus epidermidis
(CoNS) isolates which were moderately sensitive to these antibiotics. This may be

related to isolates-possessing of B-lactamase enzymes which are able to inactivate
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these antibiotics through cleaving the B-lactam ring of the drug (Levinson and
Jawetz, 2000).

Highest resistance for antibiotics used in this study has been observed in
Pseudomonas species which were sensitive towards only two antibiotics imipenem
and amikacin.

In 2002, Lambert demonstrate that low antibiotics susceptibility of
Pseudomonas is due to; low permeability of its cell membrane, the genetic capacity
to express a wide repertoire of resistance mechanisms, resistant through mutation
in chromosomal genes which regulate resistance genes, and to the acquired
additional resistance genes from other organisms via plasmids, transposons and
bacteriophages.

The most sensitive bacterial isolates toward most of the antibiotics used in
this study were those belonging to the CoNS which were sensitive to all antibiotics
used except towards tetracycline which show no activity on CoNS. With the
exception of their resistance to tetracycline CoNS isolates were sensitive to all
other antibiotic used. In addition, amikacin and vancomycin were the most
efficient antibiotics against these isolates when they were highly sensitive to these
antibiotics.

In earlier study carried out by Srivastava et al. (2014), vancomycin and
amikacin were found to be the most effective antibiotics towards CoNS.

Regarding S. aureus isolates, all were totally (100%) sensitive to amikacin,
but highly resistance to tetracycline. In a study performed by Resn (2013), S.
aureus which obtained from diabetic foot infections were found to be sensitive to
amikacin.

Among the Enterobacteriaceae species used in this study, Enterobacter
cloacae isolates, in general, were the highly resistant to most of the antibiotics but
sensitive to only three of them (amikacin, imipenem and ciprofloxacin). Klebsiella
pneumoniae isolates were highly sensitive to amikacin, imipenem, and

ciprofloxacin and moderately sensitive to chloramphenicol but completely
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resistance to the others. In this regard, Sohelyet al. (2009) found that Enterobacter
spp and Klebsiella spp were completely sensitive against imipenem and less to
amikacin.

On the other hand, E. coli isolates were completely sensitive against
amikacin, imipenem and chloramphenicol, while moderately sensitive to
ciprofloxacin but complete resistance to the others. lona et al. (2010) declared that
isolates belonged to E. coli were highly sensitive toward amikacin and imipenem.

Wazait et al. (2003) referred the resistance of E. coli to some antibiotics to
its ability for easily acquire resistance factor from the environment and easily resist
penicillin derivatives drugs such as ampicillin. Stenotrophomonas maltophilia
antibiotic-sensitivity patterns in this study were observed toward amikacin,
chloramphenicol, vancomycin tetracycline, and ciprofloxacin.

Interestingly, as a remarkable result, Stenotrophomonas maltophilia was the
only bacteria among all others that showed resistance toward the antibiotic
imipenem.

In this regard, Quinn (1998) demonstrates that Stenotrophomonas
maltophilia is intrinsically resistant to multiple antibiotics and disinfectants, while
Alonso and Martinez (1997) referred such acquired resistance of this bacteria to
the antibiotic efflux which may be behaves as the intrinsic and resistant
contributing factors in this regard. Indeed, antibiotic efflux mechanisms are
increasingly recognized as a major factor in the intrinsic and acquired resistance of
a number of significant human pathogens (Nikaido, 1996).

According to the results obtained in this study, Acinetobacter baumannii
was susceptible to amikacin, imipenem and tetracycline. Isolate of this species
were the most resistant after those of Pseudomonas.

Espinal et al., (2012) declared that the low sensitivity of A. baumannii
toward antibiotics may be due to Biofilm formation which enables the bacteria to
survive. Biofilms can alter the metabolism of microorganism, then reducing their

sensitivity to antibiotics. A slower metabolism contributes to the prevention of
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bacteria from uptaking an antibiotic. Plus, they also provide a physical barrier
against larger molecules and may prevent desiccation of the bacteria (Yeomet al.,
2013). Another reason was highlighted by Higgins et al. (2013) who demonstrate
that the resistance of A. baumannii may be related to P—lactamase since A.
baumannii is known to produce at least one f—lactamase enzyme.

Table 3.4: Susceptibility percentage (%) of burn wound infection causative

bacteria toward antibiotics

Isolate Tested | AP | AK | TE | DA|IPM | E C | VA |CIP|CFM
isolate
Pseudomonas 15 0|86 | 0| 0| 9 0 0 0 0 0
aeruginosa
Staphylococcus 12 0O 100 O | 8 | 83 | 41 | 75| 66 | 25 0
aureus
Klebsiella 10 0,9 | 0| 0|9 |0 5| 0|80 0
pneumoniae
Staphylococcus 6 50| 100 | 16 | 50 | 50 | 50 | 83 | 100 | 66 | 66
epidermidis
Escherichia coli 3 0O 100 O | O |100 | O |100| O | 66 0
Enterobacter 1 0 100 O | O | 100 | O 0 0 | 100 0
cloacae
Stenotrophomonas 1 0 [100 |100| O 0 0 |100]| 100 | 100 0
maltophilia
Acinetobacter 1 0O | 100 100 O | 100 | O 0 0 0 0
baumannii
P. putida 1 0O 100 O | O 100 O | O | O 0 0
P. alcaligenes 1 0O 100 O | O 100 O | O | O 0 0

AP: Ampicillin; AK: Amikacin; TE: Tetracycline; DA: Clindamycin; IPM:
Imipenem; E: Erythromycin; C: Chloramphenicol; VA: Vancomycin; CIP:

Ciprofloxacin and CFM: Cefixime.
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3.4 Effect of antibiotics used in hospital on some pathogenic bacteria:

From this part of the study and the following steps, one isolate is selected
randomly from each group of similar species except Pseudomonas aeruginosa
since they were the highest isolated species two isolates were selected and they
will be represented as P. aeruginosal and P. aeruginosa2.

Augmentin, cefotaxime and amoxicillin are given to the patients who
attending the hospitals when the samples collected as part of the treatment to
eradicate the infection causatives.

Due to the unavailability and difficulty in purchasing the experimental
augmentin, only the last two antibiotics were used in the study.

Results in table (3.5) ensured that the pathogenic bacterial isolates included
in this study were totally resistant to cefotaxime and amoxicillin while
Stenotrophomonas maltophilia and Staphylococcus epidermidis were very slightly
affected by the last antibiotic.

Furthermore, the 5 and 8 mm inhibition zones given against these two
bacterial were uncomparable with any of those zones given by all probiotic
bacteria, apple vinegars or their combinations. This highly resistance of pathogenic
bacteria toward used drug may be due to the overuse of antibiotics in treatment of
the patients that leads to elevate resistance of the pathogens to antibiotics (Rice et
al., 1990). Peterson (2002) pointed out that using antibiotics for much longer time
as well as their oral route of administration also affect their rate of absorption into

blood stream.

Table 3.5: Susceptibility pattern toward amoxicillin and cefotaxime of some

pathogenic burn infection causing bacteria

Isolate Tested isolate | Susceptibility and inhibition

zone (mm)

Amoxicillin Cefotaxime

Pseudomonas aeruginosa 2 R R
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Klebsiella pneumoniae 1 R R
Enterobacter cloacae 1 R R
Acinetobacter baumannii 1 R R
Stenotrophomonas maltophilia 1 R(5) R
Staphylococcus aureus 1 R R
Staphylococcus epidermidis 1 R(8) R
P. alcaligenes 1 R R

P. putida 1 R R

E. coli 1 R R

3.5 Antibacterial activity of probiotics against pathogenic bacteria:

3.5.1 Lactobacillus reuteri:

As a probiotic, among all the unconcentrated and concentrated fermentation

product, the three-fold concentrated fermentation product of Lb. reuteri was the

only concentration to excreted an inhibitory effect (p < 0.05) against the

pathogenic bacteria included in this study as illustrated in table 3.6. While the

unconcentrated fermentation product, one-fold concentration fermentation product

and two-fold concentration fermentation product gave no inhibitory activity against

pathogenic isolates (p >0.05).

Table 3.6: Inhibitory effect of Lb. reuteri probiotic of the unconcentrated

and concentrated fermentation product

Inhibition zone (mm)
Bacterial species
Unconcentrated | One-fold Two-fold Three-fold
fermentation | concentrated | concentrated | concentrated
product fermentation | fermentation | fermentation
(pH=6.1) product product product
(pH=5.8) (pH=5.8) (pH=5.6)
Pseudomonas 0 0 0 18
aeruginosal
P.aeruginosa2 0 0 0 15.5

50




Chapter Three: Results and Discussion

Klebsiella 0 0 0 14.5
pneumoniae
Enterobacter cloacae 0 0 0 135
Acinetobacter 0 0 0 7
baumannii
Stenotrophomonas 0 0 0 14.7
maltophilia
Staphylococcus 0 0 0 17.2
aureus
Staphylococcus 0 0 0 155
epidermidis
P. alcaligenes 0 0 0 14.5
P. putida 0 0 0 135
E. coli 0 0 0 14

Jacobsen et al. (1999) found that the antagonist activity of lactic acid
bacteria might be referred to its ability in producing organic acids (which lower the
pH) and bacteriocins, in addition to competition on the nutrients with the
pathogenic bacteria.

El-Ziney and Debevere (1998) pointed out that this antibacterial activity
could account for production of reuterin which Lb. reuteri is a known producer of
it.

Moreover, Cleusix et al. (2007) reported for the first time the antimicrobial
activity of reuterin produced by Lb. reuteri on various intestinal bacteria.

Among all, P. aeruginosal was the most affected isolate with highest
recorded inhibition zone of 18 mm (Fig.3.2). Adversely, the least effective
inhibitory effect was recorded against Acinetobacter baumannii with an inhibition

zone 7 mm.
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In this regard, results achieved by Alexandre et al. (2014) showed that
Lactobacillus spp was able to inhibit the growth of P. aeruginosa in parallel with

an increase in acid concentration and pH decrease that caused by acid production.

Figure 3.2: Inhibition zone given by Lactobacillus reuteri three-fold concentrated
fermentation product against Pseudomonas aeruginosa isolated from burn wound

infections.

3.5.2 Mixed probiotic (Lactobacillus acidophilus, Lb. reuteri, Lb. rhamnosus,
and Bifidobacterium longum):

When the inhibitory effect tested for the mixture of four different species of
probiotics against burn wound causative bacteria, results showed that no inhibitory
effect recorded (p > 0.05) at the unconcentrated fermentation product or any
obtained concentration against all the pathogenic bacteria isolated from burn
wound infections.

In this regard, Chapman et al., (2012) mentioned that probiotic species may
inhibit each other when incubated together in vitro. Furthermore, they declared that

inhibition was observed for all combinations of probiotics species that had been
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used in their study, suggesting that when used as a mixture there may be inhibition
between probiotics, potentially reducing efficacy of the mixture.
3.6 Antibacterial activity of apple vinegar:
Titratable acidity and pH values of the three types of apple vinegar used in
this study are shown in table 3.7 below.
Table 3.7: Titratable acidity and pH values of apple vinegar used in treatment of

pathogenic bacteria.

Type of vinegar Titratable acidity (%0) pH
Commercial apple 5.05 % 3.17
vinegar (Vg).
Homemade apple 4.71% 3.42
vinegar (Vn).
Chemically-synthesized 7.14% 2.7

apple vinegar (Vc¢).

Results of the inhibitory effect of the three types of vinegar against causative
bacteria of burn wound infections declared that ability to inhibit the growth of
pathogenic bacteria varied broadly among bacterial species (Fig.3.3).

Application of commercial apple vinegar (Vg) lead to the highest inhibitory
effect against Staphylococcus epidermidis when the formed inhibition zone
reached 24.5 mm, while the lowest recorded inhibition zone was 16 mm against
Stenotrophomonas maltophilia. However, the homemade apple vinegar (V)
exerted its lowest activity with same inhibition zone (16 mm) against
Stenotrophomonas maltophilia also, while its highest activity (20 mm) was
recorded against each of P. aeruginosa2 and S. aureus. When the chemically
synthesized apple vinegar (Vc) was tested for its inhibitory effect, growth of
Staphylococcus epidermidis isolate was the most affected with an inhibition zone
of 24.7 mm, while the most resistant isolate were those belonging to Klebsiella
pneumoniae with 16.5 mm.
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Statistical analysis showed that there are no significant differences (p <0.05)
between treatments of the effect of V¢ and Ve types of vinegar against tested
pathogenic bacteria (appendix 3.11), while both were significantly different from
the vinegar type V.

Against most of the pathogenic bacterial isolates, vinegar type Vc exhibited
more effective inhibitory activity compared to the other two types especially
against Stenotrophomonas maltophilia when the inhibition zone reached 19 mm
while 16 mm for each of the other types. Adversely, V¢ showed less inhibitory
effect than Ve especially against P. aeruginosal, P. aeruginosa2 and Klebsiella
pneumoniae.

The inhibitory effect of vinegar may due to its main active compound acetic
acid which is considered as a preservative.

According to Malicki et al. (2006) the antibacterial effect of organic acids is
mainly caused by its undissociated forms. They passively diffuse through the
bacterial cell wall and internalizing into neutral pH dissociating into anions and
protons. Release of the protons causes the internal pH to decrease which exert
inhibitory effects on the bacteria (Ricke, 2003).

Various researchers have proved the antibacterial activity of vinegar;
Lingham et al. (2012) reported that vinegar when applied as an antibacterial agent
was shown to be effective in reducing spoilage bacteria that isolated from catfish.

Study of Medina et al. (2007) found that vinegar of 5% acetic acid
concentration possessed a bactericidal effect against S. aureus; E. coli, Salmonella
enteritidis, Listeria monocytogenes and Yersinia spp.

Aljamali (2012) declared that several types of vinegar including apple
vinegar have an antimicrobial activity against P. aeruginosa and S. aureus.

Results from study of Yang et al. (2009) suggested that vinegar (acetic acid)
exhibits the most antimicrobial efficacy, followed by lemon juice (citric acid) and

baking soda (sodium bicarbonate).

54



Chapter Three: Results and Discussion

On the other hand, Hindi (2013) demonstrated that apple vinegar has a low
antibacterial activity against bacteria isolated from clinical samples.

Other study declared that acetic acid solutions with low concentration have
only slight effect of inhibiting growth of S. aureus and P. aeruginosa (Rund,
1996).

Inhibitory effect of Vinegar
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Figure 3.3: Inhibitory effect of three different types of apple vinegar on pathogenic

bacteria isolated from burn wound infected patients.

3.7 Antibacterial activity of Lb. reuteri three-fold concentrated
fermentation product and apple vinegars combination:

When each type of vinegar, combined in three different ratios with the three-

fold concentrated fermentation product of probiotic bacteria Lb. reuteri (since it

was the only probiotic that gave an inhibitory effect) as follow: Lb. reuteri three-

fold concentrated fermentation product 2:2 vinegar, three-fold concentrated
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fermentation product 3:1 vinegar and three-fold concentrated fermentation product
1: 3 vinegar.

Results illustrated in figures (3.4, 3.5 and 3.6), show that the combinations
of three-fold concentrated fermentation product of Lb. reuteri and apple vinegars
were, generally, more effective against pathogenic bacteria than each antibacterial
agent individually.

Among the three types of vinegars, chemically synthesized apple vinegar
(Vc) was the most effective type when combined with Lb. reuteri three-fold
concentrated fermentation product, followed by the commercial apple vinegar (Vg)
then by the homemade apple vinegar (V).

Effect of each three types of apple vinegar were significantly different (p <
0.05) from each other when they combined with Lb. reuteri three-fold concentrated
fermentation product in ratio of Lb. reuteri 2:2 vinegar, but no significant
differences were recorded between the effect of combination of (Lb. reuteri three-
fold concentrated fermentation product-Vc) and (Lb. reuteri three-fold
concentrated fermentation product-Ve), while both were significantly different
from the effect of (Lb. reuteri three-fold concentrated fermentation product-Vy) in
ratio of Lb. reuteri 1:3 vinegar (appendix 3.11).

At ratio of Lb. reuteri three-fold concentrated fermentation product3:1
vinegar no significant differences were recorded between the effect of combination
of (Lb. reuteri three-fold concentrated fermentation product—Ve) and (Lb. reuteri
three-fold concentrated fermentation product — V), while both were significantly
different from the effect of (Lb. reuteri three-fold concentrated fermentation
product — V¢).

The most effective antibacterial activity was obtained in ratio of Lb. reuteri
three-fold concentrated fermentation product 1:3 vinegar followed by Lb. reuteri
three-fold concentrated fermentation product 2:2 vinegar then Lb. reuteri three-

fold concentrated fermentation product 3:1 vinegar for all types of vinegar.
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The combination ratio of Lb. reuteri three-fold concentrated fermentation
product 1 to 3 Ve vinegar gave the most efficient antibacterial activity against
pathogenic bacterial isolates, with the exception of P. aeruginosal and E. coli
isolates which were highly affected also by this combination but in the ratios of 2:2
for the first and 3:1 for the second. The highest inhibition zone (29 mm) was
recorded against P. aeruginosal by the ratio of Lb. reuteri three-fold concentrated
fermentation product 2:2 vinegar, while the lowest was 17 mm against each of
Klebsiella pneumoniae and Stenotrophomonas maltophilia in combination ratios of
3:1 for the first and 2:2 for the second bacteria.

Upon using the 1:3 combination ratio of homemade apple vinegar (V) with
Lb. reuteri three-fold concentrated fermentation product, the most effective
antibacterial activity was obtained, especially against Staphylococcus epidermidis
when the synergistic effect between Lb. reuteri three-fold concentrated
fermentation product and vinegar reached 25 mm compared to 15.5 by Lb. reuteri
three-fold concentrated fermentation product alone and 19.5 mm by vinegar alone.
On the other hand, the lowest antibacterial activity of this combination (16 mm) by
each of the 2:2 and 3:1 ratio against Stenotrophomonas maltophilia.

Staphylococcus epidermidis was also highly affected by the combination
ratio of Lb. reuteri three-fold concentrated fermentation product 1:3 V. vinegar
with inhibition zone of 27.5mm.

In this combination against Acinetobacter baumannii, the vinegar alone gave
better effect when the inhibition zone recorded was 20 mm to 18, 18 and18.5 mm
for 2:2, 3:1 and 1:3 ratios, respectively.

Such synergistic effect may be to the synergistic effect between acetic acid
(from vinegar) and lactic acid produced by Lb. reuteri.

In this regard, Schnurer and Magnusson (2005) mentioned that acetic acid
and propionic acid showed a synergistic effect with lactic acid when they used as

food preservative.
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Furthermore, reuterin that produced from Lb. reuteri may have a synergistic
effect with the acetic acid present in apple vinegar.

El-Ziney et al. (1999) also recorded a synergistic effect between reuterin and
organic acid when the reuterin activity had been improved against Listeria
monocytogenes and E. coli O157.

In a study by Arqués (2004), reuterin showed a synergistic effect against
Listeria monocytogenes and a slight effect on S. aureus when combined with the
antibacterial peptide nisin.

In 2015, Bjarnsholt et al. proved that acetic acid when combined with the
antibiotic tobramycin showed an enhanced effect as antimicrobial agent against P.
aeruginosa isolated from wound infections.

The Study of Sabir et al. (2007) declared a successful eradication of
multidrug resistant Pseudomonas causing Lumbar osteomyelitis using a
combination of acetic acid and systemic antibiotics.

Entani et al. (1998) mentioned that the combined use of vinegar and sodium
chloride, with using an appropriate treatment temperature, was found to be

markedly effective for the prevention of bacterial food poisoning.
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Figure 3.4 Inhibition zones against burn wound bacterial species formed Lb.
reuteri three-fold concentrated fermentation product alone, commercial apple

vinegar (Ve) alone and their mixture.
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Figure 3.7 Inhibition zone against P. aeruginosa isolated from burn wound caused
by (A) combination of Lb. reuteri three-fold concentrated fermentation product and
chemically-synthesized apple vinegar at ratio 1:3, (B) chemically-synthesized
apple vinegar alone and (C) Lb. reuteri three-fold concentrated fermentation

product alone.

60



(@

Chapter Four
Conclusions and

Recommendations




Chapter Four: Conclusions and Recommendations

4. Conclusions and Recommendations
4.1 Conclusions:

1- Polymicrobial pattern of infection was recorded in more than half of the
burn wound patients.

2- Pseudomonas aeruginosa as a Gram negative and Staphylococcus aureus as
a Gram positive bacteria were the most common pathogenic causatives.

3- As a probiotic, Lactobacillus reuteri exhibited inhibitory effect against
bacteria causing burn wound infections, while a mixture of Lb. acidophilus,
Lb. reuteri, Lb. rhamnosus, and Bifidobacterium longum did not do so.

4- Among the various types of apple vinegar used, the chemically-synthesized
apple vinegar was the most effective in inhibiting growth of bacteria
isolated from burn wound infections.

5- A synergistic effect was found between three-fold concentrated
fermentation product of Lb. reuteri and apple vinegar when the highest
antibacterial activity was achieved against burn wound infections bacteria in

vitro.
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4.2 Recommendations:

1- More studies are needed on the other types of nosocomial infections that
caused by anaerobic bacteria and fungi.

2- Utilization of antibiotic should be periodically changed based on monitoring
of antibiotic resistance trends.

3- More in vivo studies are needed on probiotics against pathogens isolated from
burn wound infections.

4- Develop more therapeutic and prophylactic commercial medicines by
combination of Lb. reuteri fermentation product or any other species of

Lactobacillus and vinegar.
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Appendix 3.1: Results of Vitek2 tests for Pseudomonas aeruginosa

Test Resu Test Res Test Res Test Resu | Test Res Test | Result
It ult ult It ult
APPA - ADO - PyrA - IARL - dCEL - BGAL -
H2S - BNAG - AGLT - dGLU + GGT + OFF -
p

BGLU - dMAL - dMAN + dMNE + BXYL - BAlap +
ProA + LIP + PLE - | TyrA - URE - dSOR -
SAC - dTAG - dTRE + |CIT + MNT + | 5KG -
ILATK + AGLU - SUCT + NAGA - AGAL - PHOS -
GlyA - OoDC - LDC - IHISa - CMT + BGUR -
0O129R + GGAA - IMLTa + ELLM - ILATa -




Appendix 3.2: Results of Vitek2 tests for Staphylococcus aureus

Test Res | Test Re | Test Res | Test Res | Test Resu | Test Resu
ult sul ult ult It It
AMY - PIPLC ’f ASspA | - AGAL | - POLYB | + BACI | +
APPA | - CDEX | - BGURr | - URE | + dMAL | + PUL | -
LeuA - ProA | - dSOR | - NAG | - MBdG | + ADH2s | -
AlaA | - TyrA | - LAC | - dMNE | + dTRE | +
drRIB | - ILATK | + dMAN | + SAC | + AGLU | -
NOVO | - NC6.5 | + SAL | - BGAL | - PHOS | +
dRAF | - O129R | - ADH1 | + AMAN | - BGUR | -
OPTO | + dXYL | - BGAR | - PyrA | + dGAL | +




Appendix 3.3: Results of Vitek2 tests for Klebsiella pneumoniae

Test Resu | Test Res | Test Res | Test Resu | Test Res | Test Result
It ult ult It ult

APPA | - ADO + PyrA + IARL - dCEL |+ BGAL | -

H2S - BNAG | - AGLT |- dGLU |+ GGT |- OFF +
BGLU | + dMAL |+ SMAN + dMNE | + BXYL | - BAlap | -
ProA - LIP - PLE + TyrA - URE - dSOR | +

SAC + dTAG - dTRE |+ CIT + MNT | - 5KG -
ILATK |+ AGLU |- SUCT |- NAGA | - AGAL | () |PHOS |+
GlyA |- oDC - LDC - IHISa |+ CMT |+ BGUR | _
O129R | + GGAA | - IMLTa | - ELLM |- ILATa | -




Appendix 3.4: Results of Vitek2 tests for Staphylococcus epidermidis

Test | Res | Test Re | Test Res | Test Res | Test Resu | Test Resu
ult sul ult ult It It
AMY - | PIPLC t - AspA | - AGAL - POLYB + BACI +
APPA - CDEX - BGURr | - URE ) dMAL + PUL -
LeuA - ProA - dSOR | - NAG - MBdG - ADH2s -
AlaA - TyrA - LAC | - dMNE - dTRE -
dRIB - ILATK + dMAN | - SAC + AGLU -
NOVO - NC6.5 + SAL | - BGAL - PHOS -
dRAF - O129R + ADH1 | + | AMAN - BGUR -
OPTO + dXYL - BGAR | - PyrA - dGAL -




Appendix 3.5: Results of Vitek2 tests for Escherichia coli

Test | Resu | Test Res | Test | Res | Test | Resu| Test | Res | Test | Result
It ult ult It ult

APPA - ADO - PyrA - IARL - dCEL - BGAL +
H2S - BNAG - AGLT - | dGLU + GGT - OFF +
BGLU - dMAL + (F;MAN + | dMNE + BXYL - BAlap -
ProA - LIP - PLE - | TyrA - URE - dSOR +
SAC - dTAG - dTRE + | CIT - MNT - 5KG -
ILATK + AGLU - SUCT + | NAGA - AGAL - PHOS -
GlyA - OoDC - LDC + | IHISa - CMT + | BGUR +
O129R + GGAA - IMLTa - ELLM - ILATa -




Appendix 3.6: Results of Vitek2 tests for Enterobacter cloacae

Test | Resu| Test | Res | Test | Res | Test | Resu | Test | Res | Test | Result
It ult ult It ult

APPA - ADO - PyrA - IARL - dCEL + | BGAL +
H2S - | BNAG + AGLT | - |dGLU + | GGT + | OFF +
BGLU + | dMAL + dMAI\T + | dMNE + BXYL | + |BAlap -
ProA - | LIP - PLE + | TyrA + | URE - | dSOR +
SAC + | dTAG - dTRE + |CIT + | MNT + | 5KG -
ILATK + | AGLU - SUCT + | NAGA - AGAL | + |PHOS -
GlyA - | ODC + LDC - | IHISa - | CMT + | BGUR -
O129R + GGAA - IMLTa - ELLM - ILATa -




Appendix 3.7: Results of Vitek2 tests for Acinetobacter baumannii

Test | Resu Test Res Test Res Test Resu | Test | Res Test | Result
It ult ult It ult
APPA - ADO - PyrA - IARL - dCEL + BGAL -
H2S - BNAG - AGLT + | dGLU + GGT - OFF -
p

BGLU - dMAL - dMAN - dMNE + BXYL - BAlap -
ProA - LIP - PLE - | TyrA + URE - dSOR -
SAC - dTAG - dTRE - CIT + MNT + 5KG -
ILATk + AGLU - SUCT + | NAGA - AGAL - PHOS -
GlyA - oDC - LDC - IHISa - CMT + BGUR -
0129R + GGAA - IMLTa - ELLM - ILATa -




Appendix 3.8: Results of Vitek2 tests for Stenotrophomonas maltophilia

Test | Resu Test Res | Test | Res | Test | Resu| Test | Res | Test | Result
It ult ult It ult
APPA + | ADO - PyrA - IARL - dCEL - BGAL -
H2S - BNAG + | AGLT - dGLU - GGT + | OFF -
p

BGLU + dMAL - dMAN - | dMNE - BXYL - BAlap -
ProA + LIP + | PLE - | TyrA - URE - dSOR -
SAC - dTAG - dTRE - CIT + MNT - 5KG -
ILATk + AGLU + | SUCT + | NAGA - AGAL - PHOS +
GlyA - OoDC - LDC - IHISa - CMT - BGUR -
O129R - GGAA - IMLTa - | ELLM - ILATa -




Appendix 3.9: Results of Vitek2 tests for Pseudomonas alcaligenes

Test | Resu| Test | Res | Test | Res | Test | Resu| Test | Res | Test | Result
It ult ult It ult

APPA - ADO - PyrA - IARL - dCEL - BGAL -
H2S - BNAG - | AGLT - | dGLU - GGT - OFF -
BGLU - dMAL - ZMAN - | dMNE - BXYL - BAlap +
ProA + LIP - PLE - | TyrA + URE - dSOR -
SAC - dTAG - dTRE - | CIT - MNT - 5KG -
ILATK + | AGLU - SUCT - | NAGA - AGAL - PHOS -
GlyA - OoDC - LDC - IHISa - CMT + | BGUR -
O129R - GGAA - IMLTa + | ELLM - ILATa +




Appendix 3.10: Results of Vitek?2 tests for Pseudomonas putida

Test Result | Test Resul | Test Resul | Test Res | Test | Res | Test Result
t t ult ult

APP - ADO - PyrA - IARL - dCE - BGAL -

A L

H2S - BNAG - AGLT - dGLU + | GGT + | OFF -

p

BGL - dMAL - dMA - dMNE + BXY - BAlap +

U N L

ProA + LIP (+) |PLE - TyrA + | URE - | dSOR -

SAC - dTAG - dTRE - CIT + MNT + 5KG -

ILAT + AGLU - SUCT + NAGA - AGA - PHOS -

k L

GlyA - oDC - LDC - IHISa + | CMT + | BGUR -

0129 + GGAA - IMLT + ELLM - ILAT +

R

a

a




Appendix 3.11:

Mean values of inhibition zones against burn wound bacteria by different apple
vinegar types alone and their combination with Lb. reuteri three-fold concentrated
fermentation product in three different ratios for each

Treatment
Typeof | Number of \/inegar | Ratio 2t0 2 | Ratio3to 1 | Ratio 1t0 3
vinegar | treatments |  4jone
Ve 22 19.8642 20.863% 18.681° 21.9312
VH 22 18.114° 19.159¢ 18.954P 20.659°
Vc 22 20.2967 20.381° 20.2042 22.022°

* Numbers with the same letter are not significant at level p-value <0.05
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