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Abstract

Background: Bacillus subtilis refers to stretched and sometimes curved, gram-
positive, aerobic, and catalase-positive bacilli, which has thermo-resistant
endospores. It has been known as a normal flora in the human but can be
pathogens In the case of opportunistic. Also, it can be the pathogen of nosocomial
infections such as wound among hospitalized patients. Purpose of this study was
to identify the type of nosocomial infections in a burn patient suffering from
wound infections and septicemia.

Materials and Methods: In November 2012, sampling was made from the burn
wound of a 26-year-old woman infected with septicemia using a sterile swab. The
wound sample was cultured on a blood agar medium. Various routine biochemical
tests were performed for species detection and identification. Eventually, PCR was
used to increase the reliability and accuracy in the identification of the isolated
bacterium. The PCR product was then sequenced.

Results: According to the results of different biochemical tests and molecular
identification, the bacteria separated from B. subtilis wound were reported. The
mentioned gene was recorded under access number AB894357 in the gene bank.
Conclusion: According to the conducted studies, although B. subtilis is known as
a commensal bacterium, it can be considered a pathogen of nosocomial infection,
which subsequently causes secondary infections. Considering that B. subtilis is
known as a nonpathogenic bacterium, it is recommended to pay more attention to
its diagnosis and treatment as an opportunistic pathogen among hospitalized
patients.
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Introduction

Bacillus subtilis is stretched and chained bacilli with
the size of 0.8-0.7/2-3 um, which is gram-positive,
aerobic, non-encapsulated, mobile, and spore-bearing
and is widely found in the nature. Colonies of this
bacterium have a white or slightly yellowish, rough
and opaque surface and grow in the mesophilic
temperature range of 25-35 °C (1-2). Also, its active
form is usually in the shape of spores. Because of
having spores, it has a set of strategies that allows for
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survival in harsh conditions. For example, formation
of endospores against stress provides the bacterium
with compatibility with food poverty, acidic, alkaling,
or osmotic situations, or oxidative conditions of heat
or ethanol (3). In genetic studies, it is used for purine
nucleotide synthesis pathway. These nucleotides are
involved as energy carriers in the structure of NAD,
FAD, adenosyl methionine, and coenzyme A co-
factors and also activated biosynthetic intermediate
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compounds such as UDP-glucose and CDP-glycerol.
Some of these compounds such as cAMP and cGMA
act as secondary messengers (4). Another strategy is
the absorption of external DNA, which allows the

bacterium to correspond to the recombination, which
is time-consuming. This bacterium is a good model
for cellular development and differentiation (4). It is
the antibiotic producer of Subtilin (4).

Table 1. Various biochemical tests to distinguish different species of bacillus: (+) 85-100% positive, (-) 0-014% positive, (v) variable and (w)

weak.
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Anaerobic growth R + + R . + R R + +
Citrate utilization + w + w + w w - - +
VP Reaction + + + - + v - - + -
Indol - Vv + - - - - + + -
Lecithinase + + + - - - - - - +
Growth in:
Nacl 7% + + + - + + - + - -
45°% + - + + + + + + w +
Urase R R - + _ _ R R + +
Starch hydrolysis + + + + i, + R + R R
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de_lt:rlom: + R ; + + + R w + -
anito ) ] ) + ) ] + + +
Lactose
Glucose + + + + + + + + + +
Maltose + + + + + + - + + -
Arabinose + N - + + + N N w +
Xylose + - - + + + w + + +
Sucrose + + Vv + + + + + v -
ONPG actvity + N - + + v w + + +

Amylase, protease, lipase, chitinase, and inosine are
the important enzymes secreted in this bacterium,
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through which it can be pathogenic to plants and
humans in appropriate conditions (4). It is naturally
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found in soil and vegetation. In plants, it is used as a
fungicide due to producing chitinase (4-5). B. subtilis
is one of the nonpathogenic bacteria, which exists as
a normal flora in the human gastrointestinal system
(6). Tt can induce disorder in mammalian membrane
systems due to the production of lecithinase enzyme
in opportunistic cases. Moreover, it produces
an extracellular toxin c alled Subtilisin that causes

allergic reactions in humans (6-7). This bacterium
can contaminate food; nevertheless, it rarely causes
food poisoning (6-7). Few reports have been
presented about the pathogenesis of B. subtilis in
humans.

Also, some reports have been presented about
endocarditis in infants (8). In the patients with the
impaired immune system, it causes bacteremia (8-9).

Table 2. Examining sensitivity to antibiotics in isolated B. subtilis from the wound of hospitalized burn patient in Shohadaye Ashayer Hospital,
City of Khorramabad, Lorestan Province, Iran, in 2012, (S), Susceptible, (R)Resistant

Antibiotic Disk content (pg) Susceptibility
Gentamycin 10 S
Amikacin 30 S
Imipenem 10 S
Ampicilin 10 S
Tetracyclin 30 S
Co-trimoxazol 1.25/23.75 S
Cefteriaxone 30 S
Vancomycin 30 S
Cefotaxim 30 R
Cefixime 30 R

Further, it is one of the important factors in the
contamination of laboratory media (7). In hospitals, it
is considered one of the pathogens of nosocomial
infection; for example, patients undergoing surgery
may be infected with secondary infections due to the
spread of the spores of this bacterium (6-9).
Therefore, in this study, B. subtilis was isolated from
the wound of a burn patient, who was infected with
this bacterium in the hospital. Thus, in addition to
biochemical tests, molecular methods were used for
certainty in the results.

Materials and Methods

In November 2012, a 26-year-old patient woman was
hospitalized in Shohadaye Ashayer Hospital, city of
Khorramabad, Lorestan, Iran. The patient was
suffering from third-degree burning and the burn
wounds had inflammation, swelling, pain, and
bleeding. There was also necrotic tissue around the
wound. Infected wound was in a granular state with
infectious secretions (Figure 1). The patient
underwent septicemia after the wound infection.
Wound sampling was done by a sterile swab and
inoculated into Stuart's transport medium. Then, the
wound sample was cultured on blood agar medium.
After 24 hours of incubating the media at 37 °C both
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in 5% CO, as well as aerobic conditions, diagnostic
tests were performed for the identification purposes
(10-11). After examining the bacterium in terms of
morphology, several biochemical tests were performed
for more investigations. These tests included catalase,
oxidase, ortho-Nitrophenyl-B-galactoside (ONPG),
motility, investigating spore position, VVoges—Proskauer
(VP) reaction, urease and citrate consumption,
growth in anaerobic conditions, starch hydrolysis,
gelatin hydrolysis, growth in 7% NaCl, growth at 45
°C, lecithinase production, indole production, acid
production from glucose, lactose, arabinose, maltose,
sucrose, xylose and mannitol (10-11).

Amplification of 16S rRNA gene sequence

In this study, PCR method was used for more precise

identification. DNA was extracted using DNA
extraction protocol, DNG Plus kit (Cinnagen; Tehran,
Iran). A part of the primer universal 16S rRNA gene
sequence was amplified according to the studies that
had been previously performed: Forward, RWO01 (5-
AACTGGAGGAAGGTGGGGAT-3) and Reverse,
DG74 (5-AGGAGGTGATCCAACCGCA-3) (12).
Electrophoresis of the PCR product along with
weight marker was loaded on the 1% agarose gel

(12).
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Figure 1. Infected burn wound with granulation tissue in the 26-
year-old woman in Shohadaye Ashayer Hospital, city of
Khorramabad, Lorestan, Iran

Sequencing and performing BLAST on the sequences

For certainty of the diagnosis, the PCR product was
sequenced. The obtained sequences were compared
with the sequences reported in the gene bank.

Results

The obtained PCR product had a 370 bp specific band
on the gel (Figure 2). Blast result of the sequenced
PCR product showed 99% homology in the target
gene with the strain of B. subtilis recorded in the gene
bank. The considered gene was recorded under access
number AB894357 in the gene bank.

<— 500bp

370bp —p
<4+— 250bp

Figure 2. Electrophoresis of the PCR product of isolated 16S
rRNA gene from the wound of the burn patient on 1% agarose gel
in Shohadaye Ashayer Hospital, city of Khorramabad, Lorestan
Province, in 2012

Column 1: 370 bp specific band from the 16S rRNA gene of B.
subtilis isolated from the burn patient of Shohadaye Ashayer
Hospital, city of Khorramabad, Lorestan Province, Iran, 2012
Column 2: Negative control

Column 3: 1000 bp DNA ladder marker
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The obtained colonies in the medium were in large,
rough, wrinkled, and beta-hemolytic forms. Test
results contained positive-catalase and negative-
oxidase (Table 1). After performing different
biochemical tests, B. subtilis was separated from the
wound. Antibiogram test using disk diffusion method
according to CLSLI for the antibiotic discs was as
follows: the bacterium was sensitive to gentamicin,
amikacin, imipenem, ampicillin, tetracycline, sulfame-
thoxazole, ceftriaxone, and vancomycin and resistant
to cefotaxime and cefixime (Table 2)

Discussion

Nonpathogenic bacteria may occasionally cause
serious diseases or even fatality in humans. Most of
infectious cases have been reported to have such
factors. B. subtilis can be noted as one of these
bacteria, which are associated with human infections
(8-9) and consists of gram-positive, rod-shaped
bacteria classified as bacillus. Laboratories generally
do not pay great attention to the diagnosis of various
species, except B. anthracis, because they are not
pathogenic (9). Although B. subtilis is known as a
commensal bacterium in the human intestine and
normal flora in animals and plants, it is an important
factor for generating nosocomial infections,
especially secondary wound infections (4-5). This
bacterium has amylase, protease, lipase, chitinase,
and adenosine enzymes (4-5). According to the
previous studies, similar to other bacillus, B. subtilis
as an opportunistic bacterium is considered as one of
the factors for causing gastroenteritis and food
poisoning like B. cereus (13-14). But, this bacillus
has been mostly considered as the cause of secondary
infections such as septicemia and meningitis (8-9, 13-
15). In patients with the impaired immune system, it
may be problematic and finally cause cancer (11, 13).
Considering this bacterium as a contaminant can also
cause secondary infections as well as diseases. This
issue has an important effect on the progress of
nosocomial infections in hospitals and medical
centers, which can lead to antibiotic resistance that is
considered a problem in the treatment of infectious
diseases. In this study, B. subtilis which was isolated
from the wound of a burn patient was considered as a
nosocomial infection and blood culture test
confirmed that the patient had septicemia in addition
to wound infection; this point indicated that the
prevalence of this bacterium was one of the risk
factors in hospitals (11, 16-17). Therefore, it is
recommended to be more accurate in the
investigation and interpretation of infectious
culturing despite the uncommon signs of bacteria,
especially B. subtilis. Also, based on the pathogenesis
of this bacteria this bacterium in desirable conditions
and the following antibiotic resistance, it should not
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be considered a contaminant in the interpretation of
microbial culturing. Nowadays, development of
modern genetic transmission of new strains and also
resistant strains has highlighted the importance of the
diagnosis of B. subtilis and its treatment as a
pathogen in hospitals (6-7, 16-17). Therefore, the aim
of this study was to identify of Bacillus subtilis by
molecular and biochemical methods were, because
less attention to it as a nosocomial infection.

Conclusions

B. subtilis is generally known as normal flora in
humans and animals. It is considered as a medium
contaminant in laboratory environments which is due
to the spread of spores. Considering the above points,
the conclusion was made that B. subtilis is a
nosocomial infection and could cause secondary
diseases and infections such as bacteremia,
septicemia, and wound infection in hospitalized
patients, especially patients who have the impaired
immune system.
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