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ABSTRACT

Background: The fast moving world of antibiotics resistance is now a big concern, since our
antibiotics are in danger of extinction. This is a concern to us because; an empty ‘antibiotic
pipeline’ leads to devastating future.

Aim: The aim of this study was to isolate Bacillus cereus from soil contaminated with various toxic
and domestic wastes and investigate its sensitivity to macrolide antibiotics (erythromycin ERY and
azithromycin AZM) in combination with vitamin D supplement. )
Methodology: Five soil samples were collected from a landfill site and serially diluted up to 10°. B.
cereus was isolated from the soil sample using Mannitol egg Yolk Polymyxin agar medium (MYP),
a selective nutrient medium for B. cereus isolation. The sensitivity of B. cereus to erythromycin and
azithromycin was screened in Mueller-Hinton agar (MHA) containing varying concentrations (5, 10,
20 mg/ml) of vitamin D. Agar without vitamin D (0.00mg/ml) served as the control. The activities of
ERY and AZM in combination with vitamin D were determined by measuring the zones of
inhibition.

Results: In vitro antibiotic susceptibility tests on our isolate showed maximum sensitivity to ERY
and maximum resistance to AZM with 0.00 mg/ml (no combination) of vitamin D. Contrarily, ERY
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was found to be least active, with the zones of inhibitions decreasing from 28mm to 16mm, with
increasing concentration of vitamin D. On the other hand, AZM achieved maximum sensitivity from
12mm to 25mm, with increasing concentration of vitamin D.

Conclusion: The activities appeared to be important but dose-dependent. So, the systematic use
of Vitamin D in combination with macrolide antibiotics may be efficient in treating food and soil
infections caused B. cereus. However, in vivo evaluation of these activities is needed.

Keywords: Erythromycin; azithromycin; Vitamin D; Bacillus cereus; landfill; soil.

1. INTRODUCTION

Bacillus cereus is a soil dweller that thrives in
diversity of habitats or as a part of the intestinal
flora of different animals. The ability of B. cereus
to form endospores that are resistant to heat,
dehydration and other physical stresses,
enhances it's potential to withstand time and
harsh environments [1]. On entry into
mammalian tissues, B. cereus becomes an
opportunistic pathogen that may cause severe
local or systemic infections such as
endophthalmitis and septicaemia [1,2]. When
present in food or the gastrointestinal tract and it
is one of the major foodborne pathogenic
bacteria, although in most cases disease is mild
and of short duration [2,3]. Interestingly, the
spectrum of potential B. cereus toxicity ranges
from strains used as probiotics for humans [4] to
highly toxic strains reported to be responsible for
food-related fatalities [5,6].

B. cereus causes two types of gastrointestinal
disease, the diarrhoeal and the emetic
syndromes, which are caused by very different
types of toxins. The emetic toxin, causing
vomiting, has been characterized and is a small
ring-formed peptide [7], while the diarrhoeal
disease is caused by one or more protein
enterotoxins, thought to elicit diarrhoea by
disrupting the integrity of the plasma membrane
of epithelial cells in the small intestine [8]. The
three toxins that have been implicated as
aetiological agents of the diarrhoeal disease are
the pore forming cytotoxin shaemolysin BL (Hbl),
nonhaemolytic enterotoxin (Nhe) and cytotoxin K
(CytK) [5,8,9]. Hbl and Nhe are homologous
three-component toxins, which appear to be
related to the monooligomeric toxin cytolysin A
found in Escherichia coli [10].

Food poisoning caused by B. cereus toxinsis
more prevalent in communities with poor waste
and sanitation management units, and owing to
the emergency of antibiotic resistant strains,
such infections are becoming difficult to treat and
in some cases fatal. The emerging picture from
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literatures and reported trails shows that vitamin
D has a potential antimicrobial activity and its
deficiency has detrimental effects on general
well-being and longevity [11,12]. Also, multiple
mechanisms through which Vitamin D reduces
the susceptibility to infection have been reported.
Vitamin D also boosts innate immunity by
modulating production of anti-microbial peptides
(AMPs) and cytokine response [12]. These
supplements are not only widely available, but
also cheap.

It has been reported that consumption of
Vitamins or any other supplements with
antibiotics sometimes decreases the antibacterial
activity of many antibiotics [13]. These veritable
findings gave impetus to this study. So, this has
prompted us to isolate a bacterium from
contaminated soil collected from a dumping
ground and evaluate the in vitro activity of
erythromycin and azithromycin in combination
with Vitamin D.

2. MATERIALS AND METHODS
2.1 Sampling Area

The sampling area, Nsukka (6.84°N and 7.37°E),
has urban and rural settings and is the site of the
University of Nigeria, the first indigenous
Nigerian university and one of Nigeria’s largest
universities. Nsukka is a town and Local
Government Area in Enugu state, South-East,
Nigeria.

2.2 Sample Collection

A total of five (5) Soil samples were collected
from a landfill site in Nsukka in the month of July,
2019. The collection process was done
aseptically from the surface layer (0-18 cm). The
temperature of the region during the time of
collection was 31-32°C and relative humidity was
recorded as 39-45%. Other physical parameters
like pH and Electrical Conductivity (EC) were
also meticulously measured [14].
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2.3 Isolation of Bacteria

The soil samples were serially diluted using 10
fold dilution up to 10° [15]. The serially diluted
soil samples were poured on a Mannitol egg Yolk
Polymyxin agar medium (MYP), a selective
nutrient medium for the isolation of B. cereus. All
plates were incubated for 24 hours at 37°C. After
incubation, typical colonies were pink-orange
surrounded by a zone of precipitation indicating
lecithinase production. These pink-orange
colonies were presumptively identified to be B.
cereus. Furthermore, typical colony presumed to
belong to the B. cereus group was subcultured
on nutrient agar slants and stored at 4°C.
Subculture was made for every 30 days to
maintain viability and purity.

2.4 Determination of the Activity of
Macrolides in Combination with
Vitamin D against B. cereus

The activity of erythromycin in combination with
Vitamin D against B. cereus was determined
using agar diffusion method [16] by following the
principle of Kirby Bauer 1959 [17]. Three (3) sets
of freshly prepared 18 ml Mueller-Hinton agar
(MHA) were supplemented separately with
Vitamin D, such that the final concentrations
were: 5 mg/ml, 10 mg/ml and 20 mg/mi
respectively. Equally, a set of 18 ml MHA without
Vitamin D served as control. The plates
containing the various concentrations of the
supplement were inoculated with an 18 h old
standardized inoculum of B. cereus, by carefully
streaking with sterile cotton tipped swab to
achieve confluent growth. The inoculated plates
were then incubated at 37°C overnight, under
aerobic conditions. After incubation, the diameter

of the zones of inhibition were measured to the
nearest millimeter and recorded.

2.5 Statistical Analysis

All data were analyzed for statistical significance
difference using one—way analysis of variance of
a Statistical Analysis System (SAS) software
version 9.3 (SAS, 2012). Significance was
accepted at P<0.05.

3. RESULTS

3.1 Measurement of Physical Parameters
of Soil Sample

The physical properties of the soil (Table 1) are
very much responsible for the kind of
microorganism present. So the physical
properties of the soil such as soil type, texture,
pH and electrical conductivity was measured

properly.

3.2 Activities of Macrolides in
Combination with Vitamin D

The susceptibility (Table 2) of B. cereus

towards erythromycin and Azithromycin in

combination with Vitamin D was determined by
measuring the diameter of the zone of inhibitions.
Whether the antibiotics were susceptible was
determined by antimicrobial breakpoints of B.
cereus in CLSI's guideline [18]. Our isolate was
sensitivity to erythromycin, but resistant to
Azithromycin without combination of viatamin D
(p<0.05). In contrast to  Erythromycin,
appreciable effects were witnessed in the
activities of Azithromycin in combination with
vitamin D.

Table 1. Physical parameters of soil sample

Soil Type Texture pH Electrical Conductivity (ps/cm)
Clay Granular 6.9 224.0
Table 2. Activity of Macrolides in Combination with Vitamin D
Zone of inhibition (mm)
Vitamin D 0.00(mg/ml) 5(mg/ml) 10(mg/ml) 20(mg/ml)
Erythromycin 28(S) 26(S) 16(1) 16(1)
Azithromycin 12(R) 17(1) 17(1) 25(S)

Key: 0.00 mg/ml = control (without Vitamin D), S = Sensitive, | =Intermediate, R = Resistant
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4. DISCUSSION

In today’s world, treating a disease caused by
infectious agents of soil is a major problem, due
to antibiotic resistance [19]. However,
containment strategies are continually being
thought of and evaluated. Beyond food
poisoning, B. cereus is also associated with non-
gastrointestinal infections and  antibiotic
susceptibility testing can provide a reference for
the clinical treatment of food poisoning [20,21].
Supplements like Vitamin D, are now used in
combination with some antibiotics as alternative
clinical option for treating these diseases [22]. In
our investigation, soil from landfill dump showed
the presence of Bacillus cereus strain. This may
be due to fact that Gram positive Bacillus sp
survives in the pH (6-7) and our soil sample pH
was 6.9. However, the results of this study
showed depreciable and appreciable activities in
the zones of inhibition of erythromycin and
azithromycin respectively, against B. cereus in
Mueller-Hinton agar containing Vitamin D, as
compared to the control.

In this investigation, unfortunately, increasing
concentration of Vitamin D greatly decreased the
in vitro efficiency of erythromycin against B.
cereus. Erythromycin produced zones of
inhibition with maximum sensitive at 0.00 mg/ml
and lowest sensitive at 20 mg/ml (p<0.05). The
isolated B. cereus became resistant to
erythromycin when combined with 10 mg/ml and
20 mg/ml of Vitamin D (p<0.05). On the contrary,
the test organism was still susceptible to
erythromycin when combined with 5 mg/ml of
Vitamin D (p<0.05). Even though the test
organism was resistant to azithromycin, our
study witnessed an elevated sensitivity to
azithromycin with increasing concentrations of
vitamin D (p<0.05). The study of Biswas et al.
[23] witnessed appreciable results on Bacillus
spp. However, their study used a different
supplement, Vitamin C, from the supplement
used in our study. The effects witnessed in our
study may be due to the fact that Vitamin D
reduced the oxidative stress provided by the
antibiotics which inversely helped protect the
pathogen. This may be the reason why
erythromycin showed decrease in the zone of
inhibiton on B. cereus when given in
combination with Vitamin D.

The combination with vitamin D greatly enhanced
the bacteriocidal potential of Azithromycin.
Interestingly, emerging reports from literatures
suggests macrolide antibiotics inhibit bacterial
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protein synthesis by binding to the 50s ribosomal
subunit hence disrupting ribosomal RNA
molecule and various ribosomal proteins [24].
The vitamin D used in this study may have
influenced the binding of azithromycin to the 50s
ribosomal subunit which resulted to increased
effectiveness of azithromycin against our isolate.
Many studies have evaluated the effects of some
supplements on various bacteria species such as
K. pneumoniae and E. coli [25], S. aureus [26],
Helicobacter pylori and Campylobacter jejuni [27]
and Mycobacterium tuberculosis [28], all studies
reported  significant effects. Hence, our
investigation has shown that although
erythromycin (30 pg) was efficient on B. cereus
isolated from soil of a landfill site, its in vitro
efficiency significantly decreased with increasing

concentration of  Vitamin D. However,
azithromycin (15 ug) showed increased
bactericidal potential with increasing

concentration of Vitamin D.
5. CONCLUSION

It is seen from this investigation that macrolide
antibiotics in combination with vitamin D exerted
a concentration-dependent activity on B. cereus
isolated from landfill site. Varying concentrations
of the vitamin D had significant effects by
decreasing the zones of inhibition of the
erythromycin on the test organism, but increased
the zones of inhibition of azithromycin. These
findings may serve as guild during antimicrobial
therapy for treatment of notorious multidrug
resistant infections. Lastly, further works are also
needed to study other antibiotics efficacy in
combination with vitamins against pathogens of
clinical and environmental importance. There is
also need to evaluate similar activities in vivo,
using laboratory animals.
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