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Abstract

Introduction: The virulence binding factor, protective antigen (pag) and poly-D-y-glutamate capsular (cap) genes, peculiar to Bacillus anthracis
are located in the pXOT1 and pXO2 plasmids which are transferable horizontally to related species called “cereus group”. The cereus group are
usually isolated from the environmental/food samples and have been implicated in debilitating human and animal anthrax-like diseases. This
study was designed to investigate the presence of the anthrax virulence genes in different Bacillus spp. isolated from handwashing facilities
during COVID-19 pandemic in Lagos, Nigeria.

Methodology: The Bacillus anthracis (OK316847), B. thuringiensis (OK316855), B. amyloliquefaciens (OK316857), B. cereus (OK316858)
and B. thuringiensis (OK316859) previously isolated from rinsates and bowl water in two local government areas (LGAs) of Lagos state were
further investigated by the polymerase chain reaction (PCR) amplification of the pag and cap genes using specific primers.

Results: Bacillus anthracis and B. cereus co-harboured the two 578 bp cap and 364 bp pag genes while B. thuringiensis only harboured the
cap gene. Similarly, the non-cereus B. amyloliquefaciens was found to habour the pag gene.

Conclusions: The two anthrax toxin genes were amplified in the Bacillus spp isolated from rinsates and bowl water used in hand washing in
the two study LGAs. Given that these virulence genes have a global consequence and are a potential threat to life, this study calls for an
extensive surveillance, and reassessment of gene regulators and plasmid distribution among these strains in our environment.
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Introduction

Bacillus anthracis is a spore former, pathogenic and
causes anthrax infection in man and animals through a
combination of bacterial infection and toxemia. It has
also been a top bioterrorism agent since the anthrax
attacks in the USA in 2001 [1].

The bacterium contains 2 large extrachromosomal
plasmids, pXO1 (182 kb) and pXO2 (96 kb) which are
essential for its full virulence [2,3]. The pXO1 encodes
the 3 anthrax exotoxins components which are
protective antigen (PA or pag, 83 KDa), lethal factor
(LF, 89 KDa), and edema factor (EF, 90, 90 KDa),
while pXO2 encodes proteins which synthesize the
unique poly-D-y-glutamic acid capsule (cap) conferring
resistance to phagocytosis. Although, PA, LF and EF
components are non-toxic individually, they pair up to
form the 2 major virulence factors; lethal toxin (LT; LF
+ PA) and edema toxin (ET; EF + PA) [4], thus PA is

the cellular binding moiety while LF and EF are
catalytic parts of the toxins.

The biology and taxonomy of the closely related
species, referred to as “cereus” group, comprising of B.
cereus, B. anthracis, B. thuringiensis, B. mycoides, B.
pseudomycoides, and B. weihenstephanensis have been
reported, while there seems to be lack of consensus
whether they should be considered separate spp. or not
[5-12]. Few reports exist on the ability of certain cereus
groups to harbor anthrax toxin genes and even cause
severe and fatal pneumonia resembling those caused by
B. anthracis. For instance, B. cereus was previously
reported to carry virulence similar to the anthrax lethal
factor toxemia [13-16], while [17] reported B.
thuringiensis bearing the genes for producing poly-D-
v-glutamic acid capsule of B. anthracis.

In the era of COVID-19 pandemic, the waste water
generated from various handwashing facilities was
disposed of into the public drainage without further
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treatment. Microbial study of this waste water indicated
the presence of pathogenic bacterial morphotypes
including the anthrax bacillus which was isolated from
the communities hosting the markets for cattle and other
ruminants in Lagos [18]. This study was therefore
designed to investigate the possession or otherwise of
anthrax protective antigen (pag) and capsule protein
(cap) genes in Bacillus spp. isolated from handwashing
stations during the COVID-19 pandemic in Lagos,
Nigeria.

Methodology
Study site, bacterial cultural isolation

The Bacillus spp (B. anthracis (OK316847), B.
thuringiensis (OK316855), B. amyloliquefaciens
(OK316857), B. cereus (OK316858), and B.
thuringiensis (OK316859)) were isolated from bucket
water (bw) used in handwashing, and rinsates (rs) at two
local government areas (LGAs) (Alimosho and Agege)
in Lagos, Nigeria. The cultural isolation was done
according to standard microbiological methods.
Briefly, the water samples (bw, n = 26 and rs, n = 28)
were transported on ice packs in screw capped sterile
containers, and were serially diluted (10-fold), pour
plated on Mueller Hinton (MH) agar plates and
incubated aerobically at 37 °C for 24 h. The distinct
Gram +ve rods, catalase producing colonies, showing
hydrolysis of starch that are characteristic of Bacillus
were sub-cultured for purity and stored in 20% MH-
glycerol broth at -80 °C until further use.

Ethical/social consideration

This study did not involve any human participants.
The approval (IRB/20/097) was obtained from the
Institutional Review Board of the Nigerian Institute of
Medical Research (NIMR-IRB). The permission to
conduct the study was granted by the Lagos State
Primary Health Care Board (LS/PHCB/MS/1128/VOL
VI1I1/093) while community entry was facilitated by the
respective Medical Health Officer (MHO) in each
LGA.
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Bacterial identification and 16S rRNA sequencing

Preliminary identification of the isolates suspected
to be Bacillus spp. was carried out by a combination of
colonial morphology and biochemical tests. The 16S
rRNA amplification was performed on the distinct
(single, pure) colonies and sequenced using primers
targeting the hyper variable regions V5-V6-V7 which
have been demonstrated to produce a high number of
bacterial operating taxonomic units (OTUs) [29] (Table
1). The 16S rRNA amplicons were sent out to Inqaba
Biotec, South Africa for commercial Sanger sequencing
and the data subjected to basic local alignment search
tool (BLAST) algorithm on National Center for
Biotechnology Information (NCBI) GenBank. All the
sequence data (16S rRNA) were submitted to the
GenBank and accession numbers allocated.

Detection of virulence genes

The polymerase chain reaction (PCR) was
performed for the amplification of anthrax virulence
(pag and cap) genes in 20 uL reaction comprising the
primer pair, ready to load master mix (SolisBiodyne,
Tartu, Estonia), template DNA and distilled water. The
amplicons were later resolved in duplicates alongside a
100 bp DNA ladder (ThermoFisher Scientific,
Waltham, USA) on 1.5% agarose gel run at 100V for 1
hour and viewed under the UV trans-illuminator.

Results

A total of 67 bacteria were isolated altogether;
however, bacillus was identified based on preliminary
identification and colonial morphology on the culture
media. Thirteen (19.40%) bacilli consisting of six
different species were identified based on 16S rRNA
sequencing and basic alignment with 98-100%
homology with those already deposited in the GenBank.
The bacillus population was distributed in the following
proportion: B. cereus (1; 7.69 %), B. amyloliquefaciens
(2; 15.4%), B. anthracis (1; 7.69%), B. subtilis (5;
38.46%), B. thuringiensis (3; 23.10%), and B.
megaterium (1; 7.69%). The pag and cap genes were
distributed among the Bacillus spp in different
proportions. Bacillus anthracis and B. cereus co-

Table 1. Primers, target genes, expected size, and cycling parameters used in polymerase chain reaction (PCR) amplification.

Primer (5°-3) Target gene  Size (bp) Cycling parameters Reference
94 °C for 3 minutes, 35 cycles of 94 °C for 1
799F - AACACGGATTAGATACCCG 16S rRNA 394 minute, 53 °C for 1 minute, 72 °C for 1 minute. [29]

1193R - ACGTCATCCCCACCTTCC

F6 - CCTTGTGGCAGCTTATCCGA
R6 - GTAGATTGGAGCCGTCCCAG pag
F8 - TCATCCGGATCCAGGAGCAATGAG

R7 - GCAGGTAAAATACCTGTTCTTTCTG cap

Final elongation at 72 °C for 10 minutes

364 94 °C for 30 seconds, 35 cycles of 94 °C for 30

seconds, 58 °C for 25 seconds, 72 °C for 1 min. [30]

578 Final elongation at 72 °C for 10 minutes
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harboured the cap and pag genes (Figure 1) while B.
thuringiensis harboured the cap gene only but was
negative for pag. Among the non-cereus bacillus, only
B. amyloliquefaciens was positive for the amplification
of pag gene while B. megaterium was negative for both
anthrax genes (Table 2).

Discussion

Our study focused on the occurrence of two
virulence genes, cap and pag, in Bacillus spp isolated
from handwashing stations at various public places
during the COVID-19 pandemic. The study was carried
out due to the public health risk and urgency in
providing sufficient data for proper future surveillance
in our region. We reported the diversity of
microorganisms  associated ~ with ~ COVID-19
handwashing stations in a previous study [18] and as a
matter of interest, we carried out further investigation
of the Bacillus spp that were identified in the same
study. Bacillus spp, especially B. cereus, are well
known and reported from food contamination causing
spoilage and diarrhea [19,20], periodontal and
opportunistic diseases in humans due to their
production of enterotoxins [21,22]. To the best of our
knowledge, this study is the first to report the anthrax
virulence genes from community-associated samples in
Nigeria.

The cap and pag virulence genes were prevalent in
all the investigated Bacillus species. All the
investigated bacilli except B. megaterium harboured
either cap or pag gene while B. anthracis and B. cereus
haboured both the virulence genes. Uneven distribution
of these genes among the isolates may suggest the loss
or gain of plasmids for virulence among the bacteria as
recently reported elsewhere [23]. Bacillus anthracis, is
thought to differ from other species of same genus by
the presence of the virulence genes borne on the
plasmids, pXO1 and pXO2 encoding the lethal toxin
genes that cause the severe inhalation anthrax illness. It
has also been established by some researchers that there
is a high genome similarity of this species to B. cereus
and other closely related species [7,8,24,25]. Based on
this similarity, some researchers have even considered

J Infect Dev Ctries 2023; 17(8):1076-1080.

Figure 1. Gel images for amplified anthrax genes.

Lane 1: 100 bp marker (upper and lower), upper gel (lanes 5, 6): pag,
cap genes of B. anthracis, (lanes 10, 11): pag, cap genes of B. cereus,
(lanes 15, 16): pag gene of B. amyloliquefaciens. lower gel (lanes 5, 6):
cap gene of B. thuringiensis.

B. cereus to be a pathogenic variant of B. anthracis
[6,13-15]. The B. cereus isolated in this study from
bowl water, is of similar identity (99.72%) with B.
thuringiensis which corroborates genomic similarity
between these bacteria. In this study, the capsular
protein (cap) was amplified in B. thuringiensis while B.
anthracis and B. cereus harboured both cap and pag
virulence genes (Table 2). This is in agreement with
some studies elsewhere; anthrax toxin- expressing B.
cereus strain BcFL2013, from an anthrax like eschar (a
human facial lesion), Bcbva, JF3964 from cattle and B.
thuringiensis strain producing a polyglutamate capsule
similar to that of B. anthracis were reported
[13,17,26,27]. Bacillus amyloliquefaciens was also
found harbouring the pag gene in the present study
(Table 2). B. amyloliquefaciens is a non-member of the
B. cereus group and normally would not be expected to
share the same virulence genes unless it was transferred
horizontally. Our results corroborate an earlier
suggestion by [13] on possible transmission of plasmids
from B. anthracis to B. cereus. Although the present
study did not investigate the presence of plasmids
among the species because we have a justification from
literature that the investigated genes are plasmid borne,

Table 2. The sources of the Bacillus spp. with the amplified anthrax genes.

Sample source/Local

Bacillus spp. Accession number government area (LGA) Amplified gene
B. anthracis OK316847 bw/Al pag, cap

B. thuringiensis OK316855 rs/Ag cap

B. amyloliquefaciens OK316857 bw/Al pag

B. cereus OK316858 bw/Al pag, cap

B. thuringiensis OK316859 rs/Ag cap

B. megaterium OK316839 bw/Al Nil

bw: bowl water; rs: rinsates; Al-Alimosho; Ag: Agege; cap: capsule gene; pag: protective antigen.
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our results are in line with the reported possible
transmission of the virulence genes across the species.

Based on our results, we can also affirm that
focusing on B. anthracis as the only agent of anthrax
disease can be deceptive because, genetically related
species, such as we have identified in the present study,
may harbor the virulence genes specific for anthrax as
previously reported [13,14,17].

The occurrence of B. anthracis and B. cereus in
bowl water used for handwashing suggests
contamination with the spore and if this gets to the food
or water for public consumption, it could cause an
outbreak. It is also noteworthy that the region,
Alimosho LGA, is the most populated in the state [28]
with large abattoir and cattle market in close proximity
to human residential areas.

The presence and transmission of anthrax virulence
genes pag and cap, among community acquired isolates
of bacillus in this study calls for great deal of caution
and serious surveillance. The B. amyloliquefaciens
isolated in this study, is not known to share genomic
similarity with the “cereus” group, neither has it been
reported to harbour anthrax genes. The amplification of
pag gene in this bacterium is surprising and to the best
of our knowledge, this is the first of such report in the
Sub-Saharan region. The fact that the virulence genes
are borne on plasmid and are transferred horizontally
make the acquisition possible by even non-related
bacteria.

Conclusions

The two anthrax-specific toxin genes, pag and cap,
were amplified in the Bacillus spp isolated from rinsates
and bowl water used in hand washing in the two study
LGAs. Given that these virulence genes have a global
consequence and are a potential threat to life, this study
calls for an extensive surveillance, and reassessment of
gene regulators and plasmid distribution among these
strains in our environment.
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