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ABSTRACT

Aims: Several cockroach and ant species have been revealed to infest households with inadequate insect control and
food storage practices. These household insects harbor countless bacteria species of public health, agricultural and
industrial importance. Many studies have reported disease-causing bacteria from both cockroaches and ant’s species
collected from hospitals and residential areas. The aim of this study was to characterize the culturable bacterial
communities of two common household insects, big headed ants (Pheidole rugaticeps) and American cockroaches
(Periplaneta americana) using 16S rRNA genes sequencing.

Methodology and results: A total of 64 bacterial sequences were obtained from P. rugaticeps (48.44%) and P.
americana (51.56%) and Firmicutes was the most dominant phylum from both insect species. Bacillus was the most
dominant bacterial genus from both cockroach and ant samples. Other important genera isolated were Pseudomonas
and Stenotrophomonas which have previously been suggested to have members that are of biotechnological
importance. Food poisoning bacterial species, B. cereus and other bacterial strains such as B. subtilis, Acinetobacter
baumannii, Burkholderia cepacia, P. aeruginosa, Staphylococcus epidermidis, Serratia marcescens and S.
pseudintermedius with the history of human infections were isolated from some of the insect’s specimens.

Conclusion, significance and impact of study: Thus, these household insect pests harbor bacterial species known to
cause diseases of serious public health importance that needs serious attentions. Similarly, the insects harbor other
bacteria species that may provide opportunities for biotechnological exploration.
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INTRODUCTION oval body shape that is dorsoventrally flattened and have
a pronotum that shields the thorax (Barbara, 2008). They

Insects are the most diverse group of organisms with a  are virtually cosmopolitan in distribution because of the

tremendous impact on public health, agriculture and food
production. Several insects are significant vectors of
many pathogens and they can facilitate the transmission
of various microbes like viruses, bacteria, fungi and
nematodes (Sarwar, 2015; Dieng et al., 2017).
Cockroaches and ants are among the mostly observed
insects around human and are associated diseases and
allergies (Rust et al., 1991; Gore and Schal, 2005; 2007).
Majority of the cockroaches are home-infesting insects
(Graczyk et al., 2005; Mpuchane et al., 2005) and their
infestation trend have lately increased (Nasirian, 2017).
Periplaneta americana is one of the most observed
insects in toilets, bathrooms and kitchens (Graczyk et al.,
2005; Mpuchane et al., 2005; Dehghani et al., 2014).
Periplaneta americana are reddish-brown roaches with an
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human activity such as the global commerce (Bell and
Adiyodi, 1981; Smith and Whitman, 1992). Also, their
existence especially around human habitats can be a
serious source of health problem (Rust et al., 1991).
Some of the diseases potentially harbored by
cockroaches are cholera, diarrhea, dysentery, leprosy,
plague, typhoid, poliomyelitis, and other allergic reactions,
itching, swelling of the eyelids, dermatitis and even
serious respiratory infections (Stankus et al., 1990).
Pheidole rugaticeps like other ants are eusocial
insects that live in large groups and sometimes enter
structures with deficient control and food storage
practices (Zarzuela et al., 2002; dos Santos et al., 2009;
Ashigar and Ab Majid, 2020a). Their workers are easily
recognized by their complete dimorphism. The major
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workers have disproportionately large heads which give
them the name big-headed ants. Both major and minor
workers of this ant group perfume activities such as
foraging, food processing, storage and colony defense
(Wilson, 2003; Ashigar and Ab Majid, 2020a). These ant
species search for food, nesting sites and other biotic
interactions in human residence (Benson and Harada,
1988; Hoélldobler and Wilson, 1990; Reyes-Lopez et al.,
2003; Ashigar and Ab Majid, 2020a). Diverse behavioral
features like polygyny, colony fragmentation and various
feeding preference aids their dispersal and adaptation in
human communities (Bueno and Campos-Farinha, 1998;
Hedges, 1998; Man and Lee, 2012). Until now, Pheidole
has been the most dominant ants in tropics and around
human habitation according to many studies (Silva et al.,
2014; Ashigar and Ab Majid, 2020a). Many pathogenic
bacteria have been cultivated from other Pheidole spp.
(Garcia and Lise, 2013; Lima et al.,, 2013; Silva et al.,
2014; Oliveira et al., 2017). Furthermore, a recent
microbiome study of P. rugaticeps using lllumina MiSeq
high-throughput sequencing of the bacterial 16S
ribosomal DNA gene revealed many bacterial genera
Acinetobacter  (including Acinetobacter baumannii),
Pseudomonas, Escherichia-Shigella (including
Escherichia coli) and Shimwellia among others (Ashigar
and Ab Majid, 2020b).

Cultivation-dependent method is a vital approach that
facilitates the genomic, metabolomic, proteomic and
transcriptomic analyses of the bacteria isolates making
direct biotechnological exploitation of important species
possible (Guzman and Vilcinska, 2020). For instance,
biotechnological applications of insect-derived bacteria
groups such as Enterobacteriaceae for their toxicity
against pest insects (Zhang et al.,, 2010), as source of
plant-stimulation (Pan et al., 2019), as antimicrobial
metabolites (Vivero et al., 2019), as well as in insect-
rearing (Augustinos et al., 2015; Azis et al., 2019) were all
reported previously. In cockroach, the bacteria species,
Shimwellia blattae originally isolated from Blatta orientalis
(Burgess et al, 1973) and other cockroaches can
interestingly synthesize cobalamin de novo and used as a
biotechnological source of vitamin B12 (Andres et al.,
2004, Brzuszkiewicz et al., 2012).

The bacterial genera Acinetobacter and
Pseudomonas were commonly cultured from cockroaches
and ants. Culture-based investigations have also
demonstrated that these bacterial groups are highly
abundant in the crop of Surinam cockroach (Lampert et
al., 2019). Pseudomonas species are vital in
biotechnology due their production of bioactive
metabolites (Gross and Loper, 2009), their use in
bioremediation (Wasi et al.,, 2013) and as a source of
potent lytic enzymes (proteases, lipases) for industrial
processes. Bacterial infections of human due A. baumanii
or Pseudomonas aeruginosa are challenging to cure
because of their antibiotic resistance. Several studies
have cultured P. aeruginosa strains from cockroaches
and ants. Stenotrophomonas maltophilia is another strain
that been cultivated from several cockroach species (Le
Guyader et al., 1989; Elgderi et al., 2006; Mpuchane et

al., 2006; Ozdal et al., 2016). One of the isolates from
Blatta orientalis degrade organochlorinated pesticide like
endosulfan and transform it into lesser toxic metabolites
(Ozdal et al., 2017).

Bacterial communities of P. americana and Pheidole
rugaticeps were cultivated and established using 16S
rRNA gene sequencing in this study. This approach is
said to be extremely sensitive and precise (Frank, 2014).
According to Wilson (1995), 16S rDNA gene sequencing
is certainly the most familiar method presently used in the
identification of bacteria providing an excellent
performance (Drancourt et al., 2000). However, most
studies on the bacteria pathogens associated with ants
collected in hospitals and households were done through
traditional phonetic methods (Garcia and Lise, 2013; Lima
et al.,, 2013; Silva et al.,, 2014; Oliveira et al., 2017;
Alharbi et al., 2019). Therefore, this study was aimed at
determining the culturable bacterial communities of big-
headed ants (Pheidole rugaticeps) and American
cockroaches (Periplaneta americana) using 16S rRNA
genes sequencing.

MATERIALS AND METHODS
Collection and identification of insect samples

The insect samples (240 workers of ants and 16 adult
cockroaches) were collected from rural and urban
neighborhoods of Nasarawa State, Nigeria. The rural
areas include Akunza (AKZ), Akunzan Sama (AKS),
Gwandara (KDR) and Kurikyo (KRK), while the urban
areas were Akwanga (a Primary Healthcare, PHC and a
Low-cost Housing Estate, LHE), Lafia (Dalhatu Arab
Specialist Hospital, DASH) and Keffi (Government
Residential Area, GRA) as shown in Table 1. During the
insect sampling, toilets, kitchens and other cockroach
harborage were sprayed with an aerosol insecticide
(Knockdown, Guangzhou Konnor Daily Necessities Co.,
Ltd.). After 30 min of insecticide application, the area is
observed for P. americana as well as ants were
aseptically collected and identified using the standard
taxonomic keys (Bell, 1981; Taylor, 2012; Antweb, 2020).
After sorting and identification of the ant specimens, P.
rugaticeps Emery was found to be the most dominant ant
scavengers around dead American cockroaches. The
adults of P. americana and workers of P. rugaticeps were
used for the isolation of the bacterial communities of
these two insects.

Isolation of bacteria

The bacteria isolation method employed by Alharbi et al.
(2019) was performed with slight modification. During
laboratory examination, the insect specimens were
selected randomly from the storage containers using
sterile forceps and transferred into dilution tubes
containing 1 mL of phosphate-buffered saline (1x PBS)
solution. The insect specimens were crushed by means of
sterile pestle and mortar before transferring to the 1x PBS
solution container. A total of 9 mL of sterile water was
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Table 1: Bacterial strains (%) isolated from Pheidole rugaticeps and Periplaneta americana in each location.

Communities  Locations Coordinates P. rugaticeps  P. americana Total
(%) (%) %
Urban Primary Health Care (PHC), Akwanga  08°54'50.41" N 12.90 9.09 10.94
08724'51.86" E
Low-cost Housing, Akwanga (LHE) 08°55'38.29” N 6.45 9.09 7.81
08°24'46.91" E
Dalhatu Specialist Hospital (DASH) 08°30'08.95” N 0.00 15.15 7.81
08°31'21.95” E
Gov't Residential Area (GRA) Keffi 08°50'53.25" N 9.68 3.03 6.25
07°53'08.48” E
Mean + SEM 2.25+0.85 5.25+0.75
Rural Kurikyo (KRK) 08°31'32.09” N 16.13 12.12 14.06
08°35'51.59" E
Gwandara (KDR) 08°34.11.95" N 16.13 21.21 18.75
08729'50.59" E
Akunzan Sama (AKS) 08°28'07.87" N 19.35 18.18 18.75
08°36'04.02” E
Akunza (AKZ) 08°28'11.69” N 19.35 12.12 15.63
08°35'24.03” E
Mean + SEM 5.50 £ 0.28 3.00+0.81
Total 100
ANOVA (F(13.00) = (F(4.119) =
21.125, 10.125,
p =0.011) p = 0.089)

then added to each test tube containing 30 workers of P.
rugaticeps and 2 adult American cockroaches. The test
tubes containing the mixtures were thoroughly shaken for
at least 2 min. A ten-fold serial dilution (10* to 10%°) of the
solutions containing the specimens were made. Amount
of 0.1 mL aliquots were pipetted onto the surface of
prepared nutrient broth agar plates and incubated at 30
°C for 24-48 h. During and after the incubation period, the
plates were checked for the presence of the bacterial
growth. Colonies that are morphologically distinct were
purified by re-streaking. Freshly purified re-streaked pure
colonies were then used for colony PCR reaction
(Damnjanovic et al., 2019). Sterile toothpicks were used
to picked colonies and then resuspended into PCR tubes
containing 10 pL of dH20. These were then heated at 94
°C for 5 min prior to the PCR.

PCR technique (Colony PCR)

The PCR reaction of the DNA samples from the ants and
the cockroaches were performed using the universal
primers RW01 (5'-AAC TGG AGG AAG GTG GGG AT-3')
and DG74 (5'-AGG AGG TGA TCC AAC CGC A-3') that
amplify 370-base pair sequences (Matar et al., 1998). The
16S rRNA gene were amplified in a 25 pL PCR reaction
containing final concentration of 12.5 pyL of Master Mix
(EconoTaq PLUS GREEN 2x Master Mix, Lucigen) and
6.5 pL of ddH20, 2.5 uL (8 pmol) of each primer and 1 uL
of the bacteria colony solution. Before this, pure colonies
obtained from re-streaked colonies were picked and
transferred into 10 pL sterile distilled water using sterile
toothpick and heated at 94 °C for 5 min. PCR reaction
was done with a G-Storm Dual Block Thermal Cycler

PCR. The thermal cycling conditions were 95 °C for 3
min; 30 cycles of 95 °C for 30 sec; 55 °C for 30 sec; 72 °C
for 1 min and end with 72 °C for 5 min. Subsequently, 5
pL of each PCR product were used for gel electrophoresis
(1% agarose gel). The remaining 20 pL of each PCR
product that produced clear and distinctive bands in the
gel electrophoresis were purified using MEGAquick-
spin™ Total Fragment DNA Purification Kit (iNtRON

Biotechnology, Korea) and subsequently used

sequencing.

16S rRNA gene sequencing and phylogenetic tree

The purified PCR products were sequenced via Sanger
sequencing at Apical Scientific Sdn. Bhd., Malaysia. The
sequence data obtained were extracted to FASTA format
using FinchTV 1.4 (www.geospiza.com). The sequences
(forward and reverse) were then aligned using T-Coffee
(Notredame et al., 2000) and low-quality base pairs were
removed. The edited FASTA format were then matched
with 16S rRNA gene sequences available in NCBI
the BLASTN programs search
nucleotide databases (https://blast.ncbi.nlm.nih.gov), only
bacterial sequences with 99—100% similarities match
were considered as bacterial species in this study. The
nucleotide sequences were submitted to NCBI database
the

database

through

(https://www.ncbi.nlm.nih.gov/WebSub/)

sequence accession numbers have been obtained and
presented in the supplementary Table S1. Phylogenetic
tree analyses of the bacteria sequences and alignments
were done using the CLUSTAL X of the MEGA7 (Kumar

et al., 2016) and shown in the Figure 1.
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Figure 1: Molecular phylogenetic analysis of the bacteria isolated from P. rugaticeps and P. americana collected from
eight different locations. The phylogenetic tree was constructed by Maximum Likelihood method based on the 16S rRNA
partial gene sequences. Bacteroides fragilis strain BF100 16S rRNA gene was used as the outgroup.
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Statistical analysis

The number of bacterial isolates obtained from P.
rugaticeps and P. americana between rural and urban
communities were compared using one-way ANOVA.
Means and standard error of means were used for
comparing the results obtained. P value was used to
determine the test of significance. This analysis was done
using the IBM SPSS Statistics version 20. The
percentage of bacterial isolates from P. rugaticeps and P.
americana were presented in Table 1.

RESULTS

Bacteria composition of P.
americana in various locations

rugaticeps and P.

This study was carried out to isolate and identify bacteria
harbored by the major and minor workers of Pheidole
rugaticeps and adult P. americana collected from rural
and urban residents in Nasarawa, Nigeria. The bacterial
species frequency (%) of P. rugaticeps and P. americana
from four rural and four urban neighborhoods were
presented in Table 1. Out of the total 64 bacterial strains
isolated, 48.10% were from P. rugaticeps and 51.90%
were from P. americana.

From the one-way ANOVA analysis performed, P.
rugaticeps has a mean (z standard error of the mean) of
the bacteria isolates of 2.25 + 0.85 from urban and from
rural 550 * 0.28. Apparently, this result revealed a
statistically significant difference (F(13.00) = 21.125, p =
0.011) in the bacteriological compositions of Pheidole
collected from the urban and rural communities. However,
the one-way ANOVA result also showed that bacterial
compositions of P. americana collected from rural and
urban areas were 5.25 + 0.75 and 3.00 * 0.81,
respectively. This result revealed that there is no
statistically significance difference (F(4.119) = 10.125, p =
0.089) in the bacterial composition of P. americana
collected from rural and urban.

Generally, high abundance of bacteria isolates was
obtained from the insect samples collected from rural
community (67.19%) than from the urban communities
(32.81%). As shown in Table 1, AKZ community (19.35%)
and AKS (19.35%) have the highest percentage of
bacteria isolates from the ants samples whereas DASH
(0.00%) recorded lowest percentage. As for bacteria
isolates from the cockroach samples, KDR (21.21%) has
the highest percentage whereas GRA (3.03%) has the
lowest percentage (Table 1). As shown above, DASH
location shows (0.00%) because the bacterial sequences
obtained in this location had similarity threshold of less
than 99% against the GenBank sequences.

Taxonomic group of the bacterial isolates

All the 64 sequenced bacterial isolates from the two
insect groups were classified into 3 phyla, 16 genera and
32 species. The three phyla include Firmicutes,
Proteobacteria and Actinobacteria which were all

recorded from P. rugaticeps and only Firmicutes and
Proteobacteria were recorded from P. americana.
Firmicutes was the predominant phyla in both P.
rugaticeps with 46.88% and P. americana with 68.75%.
Proteobacteria was also isolated in large frequency in
both P. rugaticeps (40.63%) and P. americana (31.25%).
However, the phylum Actinobacteria was only isolated
from P. rugaticeps (12.50%).

At genus level, 16 bacterial genera were identified
from the two insect groups and 6 genera that include
Bacillus (40.98%), Burkholderia (9.84%), Lysinibacillus
(4.92%), Serratia (8.20%), Staphylococcus (9.84%) and
Acinetobacter (3.28%) were all isolated from the two
insect species. Furthermore, 7 genera such as
Stenotrophomonas (3.28%), Sphingomonas sp. (1.64%),
Dickeya (1.64%), Brevundimonas (1.64%),
Microbacterium (1.64%), Brevibacterium (1.64%) and
Brachybacterium (3.28%) were only isolated from P.
rugaticeps and the remaining 3 genera including
Pectobacterium (1.64%), Pseudomonas (4.92%) and
Paraclostridium (1.64%) were only isolated from P
americana. The genus, Bacillus was the predominant
bacterial group in both P. rugaticeps (59.49%) and P
americana (22.59%). The percentage frequencies of the
bacterial genera identified from P. rugaticeps and P
americana were presented in Figure 2.

A total of 32 bacterial species were identified from the
two insect species and 8 bacterial species such as
Bacillus sp. (ants, 6.45%; cockroach, 9.38%), Bacillus
cereus (ants, 3.23%; cockroach, 3.13%), Bacillus pumilus
(ants, 6.45%; cockroach, 6.25%), Bacillus megaterium
(ants, 3.23%; cockroach, 3.13%), Burkholderia cepacia
(ants, 9.68%; cockroach, 9.38%), Lysinibacillus sp. (ants,
6.45%; cockroach, 3.13%), Serratia marcescens (ants,
9.68%; cockroach, 6.25%) and Staphylococcus
epidermidis (ants, 3.23%; cockroach, 3.13%) were
isolated from both P. rugaticeps and P. americana.
However, there are other bacterial species that were
unique to each insect group as present in Table 2. From
the P. rugaticeps samples, B. cepacia (9.68%) was the
predominant bacteria, whereas Bacillus subtilis (15.63%)
was the most dominant bacteria isolated from P.
americana.

Interestingly, from the bacteria species isolated from
these two household insects, a number of bacteria that
have been associated with diseases were present as
shown in Table 3. Bacterial species such as
Acinetobacter baumannii, Bacillus anthracis,
Pseudomonas  aeruginosa, Serratia  marcescens,
Staphylococcus pseudintermedius, Staphylococcus
saprophyticus and Stenotrophomonas maltophilia were
identified from study and identified as the species that
cause diseases in human, animal as well as plants. Other
bacterial species such as Dickeya solani and
Pectobacterium carotovorum associated with diseases of
agricultural crop have also identified from both ant and
cockroach samples in the study. These bacterial species
and their associated pathogenicity were presented in
Table 3.
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Figure 2: Percentage occurrence of bacterial genera from Pheidole rugaticeps and Periplaneta americana identified
using PCR technique.

Table 2: Presents of the bacterial species isolated from Pheidole rugaticeps and Periplaneta americana.

Bacterial species P. rugaticeps (%) P. americana (%)
Burkholderia cepacia 9.68 9.38
Serratia marcescens 9.68 6.25
Bacillus sp. 6.45 9.38
Bacillus pumilus 6.45 6.25
Lysinibacillus sp. 6.45 3.13
Bacillus cereus 3.23 3.13
Bacillus megaterium 3.23 3.13
Staphylococcus epidermidis 3.23 3.13
Bacillus subtilis - 15.63
Bacillus anthracis - 9.38
Bacillus amyloliquefaciens - 6.25
Stenotrophomonas maltophilia 6.45 -
Acinetobacter sp. 3.23 -
Acinetobacter baumannii - 3.13
Bacillus licheniformis 3.23 -
Bacillus mycoides - 3.13
Bacillus toyonensis - 3.13
Brachybacterium saurashtrense 3.23 -
Brevibacterium linens 3.23 -
Brevundimonas sp. 3.23 -
Burkholderia cenocepacia 3.23 -
Dickeya solani 3.23 -
Lysinibacillus pakistanensis 3.23 -
Microbacterium laevaniformans 3.23 -
Paraclostridium bifermentans - 3.13
Pectobacterium carotovorum - 3.13
Pseudomonas aeruginosa - 9.38
Sphingomonas sp. 3.23 -
Staphylococcus pseudintermedius 3.23 -
Staphylococcus saprophyticus 3.23 -
Staphylococcus lugdunensis 3.23 -
Staphylococcus nepalensis 3.23 -
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Table 3: Bacterial pathogens isolated from Pheidole rugaticeps and Periplaneta americana.

Organism P. P. Related infections Reference
rugaticeps americana
(%) (%)
Acinetobacter baumannii 3.13 Bacteremia and nosocomial infections (Wong et al., 2017; Alharbi et al., 2019)
Bacillus cereus 3.23 3.13 Food poisoning (Granum and Lund, 1997)
Bacillus anthracis 9.38 Anthrax disease of human beings and animals, (Fasanella et al., 2010)
potential role of insects
Bacillus megaterium 3.23 3.13 Keratitis skin (cutaneous), brain abscess, (Ramos-Esteban et al., 2006; Duncan and
pleuritis Smith, 2011; Guo et al., 2015; Crisafulli et
al., 2019)
Bacillus pumilus 6.45 6.25 Bacteremia, central venous catheter infection, (Bentur et al.,, 2007; Tena et al., 2007;
skin (cutaneous) infection, neonatal sepsis, Kimouli et al., 2012; Shivamurthy et al.,
septic arthritis 2016)
Brevundimonas sp. 3.23 Emerging global opportunistic pathogens (Ryan and Pembroke, 2018)
Burkholderia cepacia 9.68 9.38 Infect a range of hosts, includinginsects, (Uehlinger et al., 2009; Sousa et al., 2011,
human, animals and plants Lukasik et al., 2013; Nikoh et al., 2014)
Burkholderia cenocepacia 3.23 Opportunistic pathogens causing lung infections  (Holden et al., 2009)
Dickeya solani 3.23 Pathogenic bacterium causing loss in potato (Toth et al., 2011; Kutsuna et al., 2018;
yield Rossmann et al., 2018)
Paraclostridium bifermentans 3.13 Involved in metastatic osteomyelitis, necrotizing (Scanlan et al., 1994)
pneumonia and bacteremia
Pectobacterium carotovorum 3.13 Soft rot disease in cabbage, potato, onion and (Lee etal., 2013)
other crops
Pseudomonas aeruginosa 9.38 Bacteremia nosocomial pneumonia (Jeong et al., 2014; Micek et al., 2015)
Serratia marcescens 9.68 6.25 Opportunistic nosocomial pathogen and spread (Khanna et al., 2013)
in hospitalized patients
Staphylococcus lugdunensis 3.23 A culprit in skin and soft tissue infections and (Lourter-Hascoet et al., 2016; Manica and
cause urinary tract infection Cohen, 2017; Chiu et al., 2020
Staphylococcus 3.23 A major bacterial pathogen causing canine skin  (Bannoehr and Guardabassi, 2012)
pseudintermedius and ear infections
Staphylococcus 3.23 Leading cause of cystitis in young women and  (Svanborg, 1998; Raz et al., 2005)
saprophyticus an agent in urinary tract infection
Staphylococcus epidermidis 3.23 3.13 Surgical wound infections and bacteremia in  (Blum and Rodvold, 1987)
immunocompromised patients.
Stenotrophomonas 6.45 Multidrug-resistant global opportunistic  (Brooke, 2012)
maltophilia pathogen. Nosocomial infection
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DISCUSSION

This study was designed to determine the culturable
bacterial communities associated with P. americana and
Pheidole rugaticeps scavenging around human dwellings
through culture-dependent techniques. Both American
cockroach and Pheidole ants are omnivorous insects
(Yun et al.,, 2014) that scavenge around homes. The
current analysis of the 16S rRNA gene sequences
revealed 64 bacterial sequences from P. rugaticeps (31)
and P. americana (33) and this number is incomparable
to those obtained from high throughput 16S rRNA gene
sequencing such as those of Tinker and Ottesen (2016),
Ashigar and Ab Majid (2020b), and Martins and Moreau
(2020). This may be due to low percentage recovery (1 —

10%) of the culture-dependent techniques of bacteria
studies (Pace, 1997; Hugenholtz et al., 1998). However,
from the present study, some bacterial taxonomic groups
were common to both P. americana and Pheidole
rugaticeps. Similarly, previous studies involving ants
revealed similarities of the bacterial communities
associated with ant species of the same group (Anderson
etal., 2012).

From the analyses of the sequences results obtained
from the two insect species, Firmicutes and
Proteobacteria were the most dominant phyla isolated
and this finding is constant with previous culture-
independent studies of ants (Martis and Moreau, 2020)
and cockroaches (Tinker and Ottesen, 2016; Guzman
and Vilcinskas, 2020). In particular, Firmicutes was the
most predominant phyla in both P. rugaticeps (46.88%)
and P. americana (68.75%). As described by Guzman
and Vilcinskas (2020) and Tinker and Ottesen (2020),
Firmicutes is the second most predominant bacterial taxa
cultivated from cockroaches but the most abundant
phylum in culture-independent studies (Dietrich et al.,
2014). This bacterial phylum is highly abundant in the
midgut than the foregut and hindgut of the cockroaches
particularly due to its alkaline nature (Vinokurov et al.,
2007), several alkaliphilic, aerobic bacterial genera such
as Bacillus flourish in there (Yumoto et al., 2011).
Similarly, in ant groups such as Camponotus, Oecophylla,
and Pheidole, Firmicutes has also shown to be one of the
dominant bacterial taxa (Hosmath and Timmappa, 2019;
Martins and Moreau, 2020).

Bacillus was the predominant bacterial genus from
both P americana (59.49%) and Pheidole ants (22.59%)
samples. According to several earlier studies, alkaliphilic
Bacillus flourish in cockroach midgut especially due its
alkaline nature (pH 6.1—8.9) (Vinokurov et al., 2007;
Yumoto et al.,, 2011). Bacillus cereus, B. subtilis and
related strains can readily be cultured from cockroaches
(Guzman and Vilcinskas, 2020). In this study, B. subtilis
was the predominant strain isolated from the cockroach
samples and the result corroborate with Guzman and
Vilcinskas (2020). Bacillus cereus isolate PaDASH2 was
also isolated from cockroach collected in hospital
environment. Notably, Bacillus isolated from cockroaches
demonstrates biotechnological potentials due to their
ability to produce bioactive metabolites (Um et al., 2013)

and industrially useful enzymes. They can also be a
platform for producing recombinant proteins (van Dijl and
Hecker, 2013). Bacillus strain (isolate 29K) cultured from
P. americana demonstrated strong keratinolytic and
proteolytic activities (Sharma et al., 2019). Nevertheless,
Bacillus strains such as B. cereus are associated with
food poisoning (Granum and Lund, 1997) and several
earlier studies have isolated B. cereus from cockroaches
(Rahmaet-Alla and Rowley, 1990; Pai et al., 2004;
Solomon et al., 2018) and ants (Beatson, 1972; da Costa
et al., 2006; Lima et al., 2013). Bacillus cereus and others
like B. anthracis, B. megaterium and B. pumilus were also
linked with various disease in human and other animals
including insects due to their ability to secrete lytic
enzymes and toxins (Ehling-Schulz et al., 2019).

Other members of the Firmicutes such as
Lysinibacillus and Staphylococcus are prevalent in
cockroaches according to molecular studies (Schauer et
al., 2014; Mikaelyan et al., 2015; Lampert et al., 2019). In
the present study, both Lysinibacillus and Staphylococcus
have been isolated from both P. americana and Pheidole
rugaticeps. Prior studies have described antibiotic-
resistant strains of Staphylococcus from some
cockroaches (Menasria et al., 2014; Islam et al., 2016;
Abdolmaleki et al., 2019) and ants (Oliveira et al., 2014)
and ants collected from hospital settings (Lise et al.,
2006). Staphylococcus epidermidis, a bacterial pathogen
associated with surgical wound infections and bacteremia
in immunocompromised patients (Blum and Rodvold,
1987) was isolated from both Pheidole rugaticeps (3.23%)
and P. americana (3.13%) samples collected in this study.
Other  bacterial pathogen like  Staphylococcus
pseudintermedius that is associated with skin and ear
infections in canine (Bannoehr and Guardabassi, 2012)
were isolated from the Pheidole rugaticeps.

Likewise, other genera such as Acinetobacter
(3.28%), Burkholderia (9.84%) and Serratia (8.20%)
belonging to the phyla Proteobacteria have also been
isolated from both P. rugaticeps and P. americana. The
genus, Acinetobacter have frequently been cultured from
both cockroaches (Guzman and Vilcinskas, 2020) and
ants (Fowler et al., 1993; Lise et al., 2006). From this
study A. baumannii, a member of the genus
Acinetobacter causing bacteremia and nosocomial
infections (Khanna et al., 2013) has been isolated from
the P. americana samples. Although no strain of this
bacteria was isolated from the Pheidole rugaticeps
samples, but other studies have previously cultivated A.
baumannii from ants (Wong et al., 2017; Alharbi et al.,
2019). Similarly, Serratia marcescens strain belonging to
the genus Serratia has been isolated from both ants
(PrPHC, PrGRAL1 and PrAKS6 isolates) and cockroach
samples (PaPHC2 and PalLHE1l isolates). Serratia
marcescens have frequently been isolated from insects
collected from hospital and houses (Pai et al., 2004; da
Costa et al., 2006; Lima et al., 2013; Solomon et al.,
2018; Alharbi et al., 2019).

Moreover, P. aeruginosa strains (isolates PaLHES3,
PaPHC3 and PakKRK2), another member of the phyla
Proteobacteria that have frequently been cultivated from
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cockroaches in the genus Pseudomonas (Lampert et al.,
2019; Guzman and Vilcinskas, 2020; Zhang et al., 2020)
was also isolated from the cockroaches examined in this
study. Although, P. aeruginosa have not been isolated
from the Pheidole ant samples but several studies have
cultured it from ants collected from houses and hospital
environment (Wong et al, 2017; Alharbi et al.,
2019).Pseudomonas aeruginosa are clinically important
group of bacteria that cause human infections that are
difficult to treat due to antibiotic resistance (Alanis, 2005;
Demain, 2009; Nikaido, 2009; WHO, 2014). However,
drug resistance has not been found in P. aeruginosa
strains cultured from cockroaches (Zarei et al., 2018).
Some species of Pseudomonas are vital in biotechnology
due to production of bioactive metabolites (Gross and
Loper, 2009), their usage in bioremediation (Wasi et al.,
2013) and as source of lytic enzymes like proteases and
lipases for industrial activities. For example, the strain P.
aeruginosa BGf-2 (Zhang et al., 2020), isolated from
Blattella germanica have shown antifungal activity against
Beauveria bassiana, an entomopathogenic fungus.

Stenotrophomonas maltophilia is a bacterial strain
have previously been cultured from several cockroach
species (Le Guyader et al., 1989; Elgderi et al., 2006;
Mpuchane et al., 2006; Ozdal et al., 2016). In this study,
S. maltophilia was isolated from the Pheidole rugaticeps
as shown in Table 2. This bacterium is a highly versatile
and widely distributed in a wide range of habitats and the
bacterium has useful biocontrol and bioremediation
properties (Anzai et al., 2000) and protease production
(Wang et al.,, 2016). A strain isolated from Oriental
cockroach was revealed to degrade endosulfan (an
organochlorinated pesticide) and uses its sulfur source,
and then convert it to lesser toxic metabolites (Ozdal et
al., 2017). Other studies also cultured S. maltophilia strain
from foodstuff (Geng et al., 2010) and the bacterium is
linked with increasing food spoilage (Prieto et al., 2007;
Ercolini et al., 2009; Silvetti et al., 2010; Bohme et al.,
2011). Opportunistic pathogenicity and nosocomial
infection and multidrug-resistant were also reported from
S. maltophilia (Brooke, 2012).

Other important bacterial strains isolated from the
present study were D. solani and P. carotovorum with
former bacterial strains causing potato yield loss (Toth et
al., 2011; Kutsuna et al., 2018; Rossmann et al., 2018)
and has been cultured from Pheidole in this study.
Similarly, P. carotovorum also causes soft rot disease in
cabbage, potato, onion and other crops (Lee et al., 2013)
and was isolated from P. americana in the present study.
Both Pheidole ants and P. americana are omnivorous
insects scavenging in kitchens and related food storage
areas and may perhaps be a source of stored food
contamination (Toth et al., 2011; Kutsuna et al., 2018;
Rossmann et al.,, 2018). The bacterial pathogens may
adhere to the insect body surfaces such as legs and
mandibles (Hughes et al., 1989; De Zarzuela et al., 2005;
Zurek and Gorham, 2008) while they move around filthy
environments like pit latrines (Zurek and Gorham, 2008).
They might then be deposited on dishes and other food
contact surfaces and eventually mixed up with poorly

stored foods stuff or ready-to-eat food (Simothy et al.,
2018).

CONCLUSION

This study cultured a plethora of importance bacterial
groups like Bacillus and Pseudomonas that have been
suggested to have biotechnological importance because
of their ability to produce bioactive metabolites, their
usage in bioremediation, as well as a source of lytic
enzymes like proteases and lipases for engineering and
industrial usage. However, other bacterial strains like B.
cereus, B. subtilis, S. epidermidis, S. pseudintermedius,
A. baumannii, B. cepacia, P. aeruginosa with the history
of human infections were isolated from some of the
insects’ specimens. Therefore, the presence of these
insect species around household can be a source of
serious concern as they are potentials source of
transmitting diseases not only to human diseases but also
plants and other animals. This study also suggests that
cockroaches and ants scavenging especially around
kitchens, food stores, toilets or hospital environments
should effectively be kept at bay to avert diseases related
to bacteria species they are capable of transmitting.

ACKNOWLEDGEMENTS

This research was funded under the Universiti Sains
Malaysia (USMm) - Bridging Fund
(304/PBIOLOGI/6316510).

CONFLICT OF INTEREST

We author(s) declare no conflict of interest.
REFERENCES

Abdolmaleki, Z., Mashak, Z. and Dehkordi, F. S.

(2019). Phenotypic and genotypic characterization of
antibiotic resistance in the methicillin-resistant
Staphylococcus aureus strains isolated from hospital
cockroaches. Antimicrobial Resistance and Infection
Control 8, 54.

Alanis, A. J. (2005). Resistance to antibiotics: Are we in
the post-antibiotic era? Archives of Medical Research
36(6), 697-705.

Alharbi, J. S., Alawadhi, Q. and Leather, S. R. (2019).
Monomorium ant is a carrier for pathogenic and
potentially pathogenic bacteria. BMC Research Notes
12, 230.

Anderson, K. E., Russell, J. A., Moreau, C. S., Kautz,
S., Sullam, K. E., Hu, Y., Basinger, U., Mott, B. M.,
Buck, N. and Wheeler, D. E. (2012). Highly similar
microbial communities are shared among related and
trophically similar ant species. Molecular Ecology
21(9), 2282-2296.

Andres, S., Wiezer, A., Bendfeldt, H., Waschkowitz, T.,
Toeche-Mittler, C. and Daniel, R. (2004). Insights
into the genome of the enteric bacterium Escherichia
blattae: Cobalamin (Bi12) biosynthesis, Bi>-dependent

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(1) 2022, pp. 1-16
DOI: http://dx.doi.org/10.21161/mjm.211231

reactions, and inactivation of the gene region
encoding Bi2- dependent glycerol dehydratase by a
new mu-like prophage. Journal of Molecular
Microbiology and Biotechnology 8(3), 150-168.

AntWeb. (2020). Species: Pheidole rugaticeps. AntWeb:
https://www.antweb.org/description.do?%20subfamily
=myrmicinae&genus=pheidole&species=rugaticeps&r
ank=species&cou%20ntryName=Nigeria  [Retrieved
on 24 November 2020].

Anzai, Y., Kim, H., Park, J. Y., Wakabayashi, H. and
Oyaizu, H. (2000). Phylogenetic affiliation of the
pseudomonads based on 16S rRNA
sequence. International Journal of Systematic and
Evolutionary Microbiology 50(4), 1563-1589.

Ashigar, M. A. and Ab Majid, A. H. (2020a). Diversity,
abundance, and foraging behavior of ants
(Hymenoptera: Formicidae) scavenging on American
cockroach in various habitats of Nasarawa State,
Nigeria. Pertanika Journal of Tropical Agricultural
Science 43(4), 503-521.

Ashigar, M. A. and Ab Majid, A. H. (2020b). 16S rDNA
metabarcoding of the bacterial community associated
with  workers of Pheidole rugaticeps Emery
(Hymenoptera: Formicidae). Journal of Asia-Pacific
Entomology 24(1), 176-183.

Augustinos, A. A., Kyritsis, G. A., Papadopoulos, N.
T., Abd-Alla, A. M., Céaceres, C. and Bourtzis, K.
(2015). Exploitation of the medfly gut microbiota for
the enhancement of sterile insect technique: Use of
Enterobacter sp. in larval diet-based probiotic
applications. PLoS ONE 10(9), e0136459.

Azis, K., Zerva, ., Melidis, P., Caceres, C., Bourtzis, K.
and Ntougias, S. (2019). Biochemical and nutritional
characterization of the medfly gut symbiont
Enterobacter sp. AA26 for its use as probiotics in

sterile  insect technique  applications. BMC
Biotechnology 19, 90.

Bannoehr, J. and Guardabassi, L. (2012).
Staphylococcus pseudintermedius in  the dog:

Taxonomy, diagnostics, ecology, epidemiology and
pathogenicity. Veterinary Dermatology 23(4), 253-
266.Barbara, K. A. (2008). American cockroach -
Periplaneta americana (Linnaeus). University of
Florida:
http://entomoloqy.ifas.ufl.edu/creatures/urban/roaches
[american_cockroach.htm [Retrieved 3 November
2021].

Beatson, S. H. (1972). Pharaoh's ants as pathogen
vectors in hospitals. The Lancet 299(7747), 425-427.

Bell, W. J. (1981). Cockroach diversity and identification.
In: The Laboratory Cockroach. Springer, Dordrecht.
pp. 1-14.

Bell, W. J. and Adiyodi, K. G. (1981). The American
Cockroach. Springer, Dordrecht. pp. 1-4.

Benson, W. and Harada, A. Y. (1988). Local diversity of
tropical and temperature ant faunas (Hymenoptera,
Formicidae). Acta Amazonica 18 (3-4), 275-289.

Bentur, H. N., Dalzell, A. M. and Riordan, F. A. I
(2007). Central venous catheter infection with Bacillus
pumilus in an immunocompetent child: A case report.

10

Annals of Clinical Microbiology and Antimicrobials 6,
12.

Blum, R. A. and Rodvold, K. A. (1987). Recognition and
importance of Staphylococcus epidermidis
infections. Clinical Pharmacy 6(6), 464-475.

Bohme, K., Fernandez-No, I|. C., Gallardo, J. M.,
Cafias, B. and Calo-Mata, P. (2011). Safety
assessment of fresh and processed seafood products
by MALDI-TOF mass fingerprinting. Food and
Bioprocess Technology 4(6), 907-918.

Brooke, J. S. (2012). Stenotrophomonas maltophilia: An
emerging global opportunistic pathogen. Clinical
Microbiology Reviews 25(1), 2-41.

Brzuszkiewicz, E., Waschkowitz, T., Wiezer, A. and
Daniel, R. (2012). Complete genome sequence of the
Biz2-producing Shimwellia blattae strain DSM 4481,
isolated from a cockroach. Journal of Bacteriology
194(16), 4436.

Bueno, O. C. and Campos-Farinha, A. E. C. (1998).
Urban ants: Behavior of species that invade the
Brazilian cities. Vectors and Pest 2, 13-16.

Burgess, N. R., McDermott, S. N. and Whiting, J.
(1973). Aerobic bacteria occurring in the hind-gut of
the cockroach, Blatta orientalis. Journal of Hygiene
71(1), 1-7.

Chiu, K. H. Y., Lam, R. P. K., Chan, E., Lau, S. K. P.
and Woo, P. C. Y. (2020). Emergence of
Staphylococcus lugdunensis as a cause of urinary
tract infection: Results of the routine use of MALDI-
TOF MS. Microorganisms 8(3), 381.

Crisafulli, E., Aredano, ., Valzano, |., Burgazzi, B.,
Andrani, F. and Chetta, A. (2019). Pleuritis with
pleural effusion due to a Bacillus megaterium
infection. Respirology Case Reports 7(1), e00381.

da Costa, S. B., Pelli, A., de Carvalho, G. P., Oliveira,
A. G., da Silva, P. R., Teixeira, M. M., Martins, E.,
Terra, A. P. S., Resende, E. M., de Oliveira, C. C. H.
B. and de Morais, C. A. (2006). Ants as mechanical
vectors of microorganisms in the School Hospital of
the Universidade Federal do Triangulo
Mineiro. Journal of the Brazilian Society of Tropical
Medicine 39(6), 527-529.

Damnjanovic, D., Harvey, M. and Bridge, W. J. (2019).
Application of colony BOXA2R-PCR for the
differentiation and identification of lactic acid
cocci. Food Microbiology 82, 277-286.

De Zarzuela, M. F. M., Campos-Farinha, A. E. C. and
Pecanha, M. P. (2005). Evaluation of urban ants
(Hymenoptera: Formicidae) as carriers of pathogens
in residential and industrial environments: |. Bacteria.
Sociobiology 45(1), 9-14.

Dehghani, R., Atharizadeh, M., Moosavi, S. G., Azadi,
S., Rashidi, M. and Paksa, A. (2014). Analysis of
cockroach fauna and frequency in human residential
habitats of North of Isfahan, Iran. International
Archives of Health Sciences 1(1), 25-29.

Demain, A. L. (2009). Antibiotics: Natural products
essential to human health. Medicinal Research
Reviews 29(6), 821-842.

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(1) 2022, pp. 1-16
DOI: http://dx.doi.org/10.21161/mjm.211231

Dieng, H., Satho, T., Abang, F., Meli, N. K. K. B,
Ghani, I. A., Nolasco-Hipolito, C. et al. (2017).
Sweet waste extract uptake by a mosquito vector:
Survival, biting, fecundity responses, and potential
epidemiological significance. Acta tropica 169, 84-92.

Dietrich, C., Kéhler, T. and Brune, A. (2014). The
cockroach origin of the termite gut microbiota:
Patterns in bacterial community structure reflect major
evolutionary events. Applied and Environmental
Microbiology 80(7), 2261-2269.

dos Santos, P. F., Fonseca, A. R. and Sanches, N. M.
(2009). Ants (Hymenoptera: Formicidae) as vectors
for bacteria in two hospitals in the municipality of
Divinépolis, State of Minas Gerais. Journal of the
Brazilian Society of Tropical Medicine 42(5), 565-569.

Drancourt, M., Bollet, C., Carlioz, A., Martelin, R.,
Gayral, J. P. and Raoult, D. (2000). 16S ribosomal
DNA sequence analysis of a large collection of
environmental and clinical unidentifiable bacterial
isolates. Journal of Clinical Microbiology 38(10), 3623-
3630.

Duncan, K. O. and Smith, T. L. (2011). Primary
cutaneous infection with Bacillus megaterium
mimicking cutaneous anthrax. Journal of the American
Academy of Dermatology 65(2), e60-e61.

Ehling-Schulz, M., Koehler, T. M. and Lereclus, D.
(2019). The Bacillus cereus group: Bacillus species
with pathogenic potential. Microbiology Spectrum 7(3),
doi:10.1128/microbiolspec.GPP3-0032-2018.

Elgderi, R. M., Ghenghesh, K. S. and Berbash, N.
(2006). Carriage by the German cockroach (Blattella
germanica) of multiple-antibiotic-resistant bacteria that
are potentially pathogenic to humans, in hospitals and
households in Tripoli, Libya. Annals of Tropical
Medicine and Parasitology 100(1), 55-62.

Ercolini, D., Russo, F., Nasi, A., Ferranti, P. and
Villani, F. (2009). Mesophilic and psychrotrophic
bacteria from meat and their spoilage potential in vitro
and in beef. Applied and Environmental Microbiology
75(7), 1990-2001.

Fasanella, A., Scasciamacchia, S., Garofolo, G.,
Giangaspero, A., Tarsitano, E. and Adone, R.
(2010). Evaluation of the house fly Musca domestica
as a mechanical vector for an anthrax. PLoS ONE
5(8), e12219.

Fowler, H. G., Bueno, O. C., Sadatsune, T. and
Montelli, A. C. (1993). Ants as potential vectors of
pathogens in hospitals in the state of S&o Paulo,
Brazil. International Journal of Tropical Insect Science
14(3), 367-370.

Frank, K. M. (2014). Microbiology in clinical pathology.
Pathobiology of Human Disease 2014, 3237-3268.
Garcia, F. R. M. and Lise, F. (2013). Ants associated
with pathogenic microorganisms in Brazilian hospitals:
Attention to a silent vector. Acta Scientiarum. Health

Sciences 35(1), 9-14.

Geng, Y., Wang, K., Chen, D., Huang, X., He, M. and
Yin, Z. (2010). Stenotrophomonas maltophilia, an
emerging opportunist pathogen for cultured channel

11

catfish, Ictalurus punctatus, in China. Aquaculture
308(3-4), 132-135.

Gore, J. C. and Schal, C. (2005). Expression, production
and excretion of Bla g 1, a major human allergen,
in relation to food intake in the German cockroach,
Blattella germanica. Medical and Veterinary
Entomology 19, 127-134.

Gore, J. C. and Schal, C. (2007). Cockroach allergen
biology and mitigation in the indoor environment.
Annual Review of Entomology 52, 439-463.

Graczyk, T. K., Knight, R. and Tamang, L. (2005).
Mechanical transmission of human protozoan
parasites by insects. Clinical Microbiology Review 18,
128-132.

Granum, P. E. and Lund, T. (1997). Bacillus cereus and
its food poisoning toxins. FEMS Microbiology Letters
157(2), 223-228.

Gross, H. and Loper, J. E. (2009). Genomics of
secondary metabolite production by Pseudomonas
spp. Natural Product Reports 26(11), 1408-1446.

Guo, F. P, Fan, H. W, Liu, Z. Y., Yang, Q. W, Li, Y. J.
and Li, T. S. (2015). Brain abscess caused by
Bacillus megaterium in an adult patient. Chinese
Medical Journal 128(11), 1552-1554.

Guzman, J. and Vilcinskas, A. (2020). Bacteria
associated with cockroaches: Health risk or
biotechnological opportunity? Applied Microbiology
and Biotechnology 104, 10369-10387.

Holldobler, B. and Wilson, E. O. (1990). The Ants.
Harvard University Press, Cambridge, USA.

Hedges, S. A. (1998). Structure-Infesting Ants. GIE Inc.,
Cleveland.

Holden, M. T., Seth-Smith, H. M., Crossman, L. C.,
Sebaihia, M., Bentley, S. D., Cerdefio-Tarraga, A.
M. et al. (2009). The genome of Burkholderia
cenocepacia J2315, an epidemic pathogen of cystic
fibrosis patients. Journal of Bacteriology 191(1), 261-
277.

Hosmath, K. S. and Timmappa, S. C. (2019).
Comparison between the microbial diversity in
carpenter ant (Camponotus) gut and weaver ant
(Oecophylla) gut. Journal of Pure and Applied
Microbiology 13(4), 2421-2436.

Hugenholtz, P., Goebel, B. M. and Pace, N. R. (1998).
Impact of culture-independent studies on the
emerging phylogenetic view of bacterial diversity.
Journal of Bacteriology 180(18), 4765-4574.

Hughes, D. E., Kassim, O. O., Gregory, J., Stupart, M.,
Austin, L. and Duffield, R. (1989). Spectrum of
bacterial pathogens transmitted by Pharaoh's ants.
Laboratory Animal Science 39(2), 167-168.

Islam, A., Nath, A. D., Islam, K., Islam, S., Chakma, S.,
Hossain, M. B., Al-Farug, A. and Hassan, M. M.
(2016). Isolation, identification, and antimicrobial
resistance profile of Staphylococcus aureus in
cockroaches (Periplaneta americana). Journal of
Advanced Veterinary and Animal Research 3(3), 221-
228.

Jeong, S. J., Yoon, S. S, Bae, I. K., Jeong, S. H., Kim,
J. M. and Lee, K. (2014). Risk factors for mortality in

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(1) 2022, pp. 1-16
DOI: http://dx.doi.org/10.21161/mjm.211231

patients with bloodstream infections caused by
carbapenem-resistant Pseudomonas aeruginosa:
Clinical impact of bacterial virulence and strains on
outcome. Diagnostic Microbiology and Infectious
Disease 80(2), 130-135.

Khanna, A., Khanna, M. and Aggarwal, A. (2013).
Serratia marcescens - A rare opportunistic nosocomial
pathogen and measures to limit its spread in
hospitalized patients. Journal of Clinical and
Diagnostic Research 7(2), 243-246.

Kimouli, M., Vrioni, G., Papadopoulou, M., Koumaki,
V., Petropoulou, D., Gounaris, A., Friedrich, A. W.
and Tsakris, A. (2012). Two cases of severe sepsis
caused by Bacillus pumilus in neonatal infants.
Journal of Medical Microbiology 61(4), 596-599.

Kumar, S., Stecher, G. and Tamura, K. (2016). MEGA7:
Molecular Evolutionary Genetics Analysis version 7.0
for bigger datasets. Molecular Biology and Evolution
33, 1870-1874.

Kutsuna, R., Tomida, J., Morita, Y. and Kawamura, Y.
(2018). Paraclostridium bifermentans exacerbates
pathosis in a mouse model of ulcerative colitis. PLoS
ONE 13(5), e0197668.

Lampert, N., Mikaelyan, A. and Brune, A. (2019). Diet is
not the primary driver of bacterial community structure
in the gut of litter-feeding cockroaches. BMC
Microbiology 19(1), 238.

Le Guyader, A., Rivault, C. and Chaperon, J. (1989).
Microbial organisms carried by brown-banded
cockroaches in relation to their spatial distribution in a
hospital. Epidemiology and Infection 102(3), 485-492.

Lee, D. H, Lim, J. A,, Lee, J., Roh, E., Jung, K., Choi,
M., Oh, C., Ryu, S., Yun, J. and Heu, S. (2013).
Characterization of genes required for the
pathogenicity of Pectobacterium carotovorum subsp.
carotovorum Pcc21 in Chinese cabbage. Microbiology
159, 1487-1496.

Lima, W. R. S., Marques, S. G., Rodrigues, F. S. and
Rebélo, J. M. M. (2013). Ants in a hospital
environment and their potential as mechanical
bacterial vectors. Journal of the Brazilian Society of
Tropical Medicine 46(5), 637-640.

Lise, F., Garcia, F. R. M. and Lutinski, J. A. (2006).
Association of ants (Hymenoptera: Formicidae) with
bacteria in hospitals in the State of Santa Catarina.
Journal of the Brazilian Society of Tropical Medicine
39(6), 523-526.

Lourter-Hascoet, J., Bicart-See, A., Félicé, M. P.,
Giordano, G. and Bonnet, E. (2016). Staphylococcus
lugdunensis, a serious pathogen in periprosthetic joint
infections: Comparison to Staphylococcus aureus and
Staphylococcus epidermidis. International Journal of
Infectious Diseases 51, 56-61.

Lukasik, P., Guo, H., van Asch, M., Ferrari, J. and
Godfray, H. C. J. (2013). Protection against a fungal
pathogen conferred by the aphid facultative
endosymbionts  Rickettsia and Spiroplasma is
expressed in multiple host genotypes and species and
is not influenced by co-infection with another

12

symbiont. Journal of Evolutionary Biology 26(12),
2654-2661.

Man, L. S. and Lee, C. Y. (2012). Structure-invading pest
ants in healthcare facilities in Singapore. Sociobiology
59(1), 241-249.

Manica, L. A. H. and Cohen, P. R. (2017).
Staphylococcus lugdunensis infections of the skin and
soft tissue: A case series and review. Dermatology
and Therapy 7(4), 555-562.

Martins, C. and Moreau, C. S. (2020). Influence of host
phylogeny, geographical location and seed harvesting
diet on the bacterial community of globally distributed
Pheidole ants. PeerJ 8, e8492.

Matar, G. M., Sidani, N., Fayad, M. and Hadi, U. (1998).
Two-step PCR-based assay for identification of
bacterial etiology of otitis media with effusion in
infected Lebanese children. Journal of Clinical
Microbiology 36(5), 1185-1188.

Menasria, T., Tine, S., El-Hamza, S., Mahcene, D.,
Moussa, F., Benammar, L. and Mekahlia, M. N.
(2014). A survey of the possible role of German
cockroaches as a source for bacterial pathogens.
Journal of Advanced Sciences and Applied
Engineering 1(1), 67-70.

Micek, S. T., Wunderink, R. G., Kollef, M. H., Chen, C.,
Rello, J., Chastre, J., Antonelli, M., Welte, T., Clair,
B., Ostermann, H., Calbo, E., Torres, A,
Menichetti, F., Schramm, G. E. and Menon, V.
(2015). An international multicenter retrospective
study of Pseudomonas aeruginosa nosocomial
pneumonia: Impact of multidrug resistance. Critical
Care 19(1), 219.

Mikaelyan, A., Kohler, T., Lampert, N., Rohland, J.,
Boga, H., Meuser, K. and Brune, A. (2015).
Classifying the bacterial gut microbiota of termites and
cockroaches: A curated phylogenetic reference
database  (DictDb). Systematic and Applied
Microbiology 38(7), 472-482.

Mpuchane, S., Allotey, J., Gashe, B. A., Matsheka, M.
I., Coetzee, S. |, Jordaan, A. and Oteng, M. (2005).
Association between German cockroaches (Blattella
germanica) and street food vending: Implications for
food safety in Botswana. In: Lee, C. Y. and Robinson,
W. H. (eds.). Fifth International Conference on Urban
Pests. International Conference on Urban Pests, UK.
pp. 123-130.

Mpuchane, S., Matsheka, I. M., Gashe, B. A., Allotey,
J., Murindamombe, G. and Mrema, N. (2006).
Microbiological studies of cockroaches from three
localities in Gaborone, Botswana. African Journal of
Food, Agriculture, Nutrition and Development 6(2), 1-
17.

Nasirian, H. (2017). Infestation of cockroaches (Insecta:
Blattaria) in the human dwelling environments: A
systematic review and meta- analysis. Acta Tropica
167, 86-98.

Nikaido, H. (2009). Multidrug resistance in
bacteria. Annual Review of Biochemistry 78, 119-146.

Nikoh, N., Hosokawa, T., Moriyama, M., Oshima, K.,
Hattori, M. and Fukatsu, T. (2014). Evolutionary

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(1) 2022, pp. 1-16
DOI: http://dx.doi.org/10.21161/mjm.211231

origin of insect - Wolbachia nutritional mutualism.
Proceedings of the National Academy of Sciences
111(28), 10257-10262.

Notredame, C., Higgins, D. G. and Heringa, J. (2000).
T-Coffee: A novel method for fast and accurate
multiple sequence alignment. Journal of Molecular
Biology 302(1), 205-217.

Oliveira, B. R. M., de Sousa, L. F., Soares, R. C,,
Nascimento, T. C., Madureira, M. S. and Fortuna, J.
L. (2017). Ants as vectors of bacteria in hospital
environments. Journal of Microbiology Research 7(1),
1-7.

Oliveira, P. S., Souza, S. G., Campos, G. B., da Silva,
D. C.,, Sousa, D. S., Aratjo, S. P., Ferreira, L. P,
Santos, V. M., Amorim, A. T., Santos, A. M,
Timenetsky, J., Cruz, M. P., Yatsuda, R. and
Marques, L. M. (2014). Isolation, pathogenicity, and
disinfection of Staphylococcus aureus carried by
insects in two public hospitals of Vitéria da Conquista,
Bahia, Brazil. The Brazilian Journal of Infectious
Diseases 18(2), 129-136.

Ozdal, M., Ozdal, O. G. and Algur, O. F. (2016).
Isolation and characterization of a-endosulfan
degrading bacteria from the microflora of
cockroaches. Polish Journal of Microbiology 65(1), 63-
68.

Ozdal, M., Ozdal, O. G., Algur, O. F. and Kurbanoglu,
E. B. (2017). Biodegradation of a-endosulfan via
hydrolysis pathway by Stenotrophomonas maltophilia
OG:. 3 Biotech 7(2), 113.

Pace, N. R. (1997). A molecular view of microbial
diversity and the biosphere. Science 276(5313), 734-
740.

Pai, H. H., Chen, W. C. and Peng, C. F. (2004).
Cockroaches as potential vectors of nosocomial
infections. Infection Control and Hospital
Epidemiology 25(11), 979-984.

Pan, Q., Shikano, I., Hoover, K., Liu, T. X. and Felton,
G. W. (2019). Enterobacter ludwigii, isolated from the
gut microbiota of Helicoverpa zea, promotes tomato
plant growth and yield without compromising
antiherbivore defenses. Arthropod-Plant Interactions
13(2), 271-278.

Prieto, C., Jara, C., Mas, A. and Romero, J. (2007).
Application of molecular methods for analysing the
distribution and diversity of acetic acid bacteria in
Chilean vineyards. International Journal of Food
Microbiology 115(3), 348-355.

Rahmet-Alla, M. and Rowley, A. F. (1990). Studies on
the cellular defense reactions of the Madeira
cockroach, Leucophaea  maderae: in  vitro
phagocytosis of different strains of Bacillus cereus and
their effect on hemocyte viability. Journal of
Invertebrate Pathology 55(3), 350-356.

Ramos-Esteban, J. C., Servat, J. J., Tauber, S. and
Bia, F. (2006). Bacillus megaterium delayed onset
lamellar keratitis after LASIK. Journal of Refractive
Surgery 22(3), 309-312.

13

Raz, R., Colodner, R. and Kunin, C. M. (2005). Who are
you Staphylococcus  saprophyticus?  Clinical
Infectious Diseases 40(6), 896-898.

Reyes-Lopez, J., Ruiz, N. and Fernandes-Haeger, J.
(2003). Community structure of ground-ants: The role
of single trees in the Mediterranean pastureland. Acta
Oecologica 24(4), 195-202.

Rossmann, S., Dees, M. W., Perminow, J., Meadow, R.

and Brurberg, M. B. (2018). Soft rot
Enterobacteriaceae are carried by a large range of
insect species in potato fields. Applied and

Environmental Microbiology 84(12), e00281-18.

Rust, M. K., Reierson, D. A. and Hansgen, K. H. (1991).
Control of American cockroaches (Dictyoptera:
Blattidae) in sewers. Journal of Medical Entomology
28(2), 210-213.

Ryan, M. P. and Pembroke, J. T. (2018).
Brevundimonas spp: Emerging global opportunistic
pathogens. Virulence 9(1), 480-493.

Sarwar, M. (2015). Insect vectors involving in mechanical
transmission of human pathogens for serious
diseases. International Journal of Bioinformatics and
Biomedical Engineering 1(3), 300-306.

Scanlan, D. R., Smith, M. A., Isenberg, H. D.,
Engrassia, S. and Hilton, E. (1994). Clostridium
bifermentans bacteremia with metastatic
osteomyelitis. Journal of Clinical Microbiology 32(11),
2867-2868.

Schauer, C., Thompson, C. and Brune, A. (2014).
Pyrotag sequencing of the gut microbiota of the
cockroach Shelfordella lateralis reveals a highly
dynamic core but only limited effects of diet on
community structure. PLoS ONE 9(1), e85861.

Sharma, S., Prasad, R. K., Chatterjee, S., Sharma, A.,
Vairale, M. G. and Yadav, K. K. (2019).
Characterization of Bacillus species with keratinase
and cellulase properties isolated from feather dumping
soil and cockroach gut. Proceedings of the National
Academy of Sciences, India Section B: Biological
Sciences 89(3), 1079-1086.

Shivamurthy, V. M., Gantt, S., Reilly, C., Tilley, P.,
Guzman, J. and Tucker, L. (2016). Bacillus pumilus
septic arthritis in a healthy child. Canadian Journal of
Infectious Diseases and Medical Microbiology 2016,
Article ID 3265037.

Silva, N. C., Paiva, M. M., Pesquero, M. A. and
Carneiro, L. C. (2014). Assessment of ants as
bacterial vector in houses. African Journal of

Microbiology Research 8(13), 1413-1418.

Silvetti, T., Brasca, M., Lodi, R., Vanoni, L., Chiolerio,
F., de Groot, M. and Bravi, A. (2010). Effects of
lysozyme on the microbiological stability and
organoleptic properties of unpasteurized beer. Journal
of the Institute of Brewing 116(1), 33-40.

Simothy, L., Mahomoodally, F. and Neetoo, H. (2018).
A study on the potential of ants to act as vectors of
foodborne pathogens. AIMS Microbiology 4(2), 319-
333.

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(1) 2022, pp. 1-16
DOI: http://dx.doi.org/10.21161/mjm.211231

Smith, E. H. and Whitman, R. C. (1992). Field Guide to
Structural Pests. National Pest Management
Association, Dunn Loring, VA.

Solomon, F., Kibru, G. and Ali, S. (2018). Multidrug-
resistant pattern of food borne illness associated
bacteria isolated from cockroaches in meal serving
facilities, Jimma, Ethiopia. African Health Sciences
18(1), 32-40.

Sousa, S. A., Ramos, C. G. and Leitao, J. H. (2011).
Burkholderia cepacia complex: Emerging multihost
pathogens equipped with a wide range of virulence
factors and determinants. International Journal of
Microbiology 2011, Article ID 607575.

Stankus, R. P., Horner, W. E. and Lehrer, S. B. (1990).
Identification and characterization of important
cockroach allergens. Journal of Allergy and Clinical
Immunology 86, 781-787.

Svanborg, C. (1998). Urinary tract infections. In:
Encyclopedia of Immunology (2nd Edn.). Delves, P. J.
(2nd Edn.). Academic Press, United States. pp. 2452-
2454,

Taylor, B. (2012). The Ants of Africa, Genus Pheidole,
Pheidole rugaticeps Emery.
http://antsofafrica.org/ant _species 2012/pheidole/phei
dole_rugaticeps/pheidole_rugaticeps.htm [Retrieved
on 24 November 2020].

Tena, D., Martinez-Torres, J. A., Perez-Pomata, M. T.,
Séez-Nieto, J. A., Rubio, V. and Bisquert, J. (2007).
Cutaneous infection due to Bacillus pumilus: Report of
3 cases. Clinical Infectious Diseases 44(4), e40-e42.

Tinker, K. A. and Ottesen, E. A. (2016). The core gut
microbiome of the American cockroach, Periplaneta
americana, is stable and resilient to dietary shifts.
Applied and Environmental Microbiology 82(22), 6603-
6610.

Tinker, K. A. and Ottesen, E. A. (2020). Phylosymbiosis
across deeply diverging lineages of omnivorous
cockroaches (order Blattodea). Applied and
Environmental Microbiology 86(7), e02513-e02519.

Toth, I. K., van der Wolf, J. M., Saddler, G., Lojkowska,

E., Hélias, V., Pirhonen, M., Tsror, L. and
Elphinstone, J. G. (2011). Dickeya species: An
emerging problem for potato production in

Europe. Plant Pathology 60(3), 385-399.

Uehlinger, S., Schwager, S., Bernier, S. P., Riedel, K.,
Nguyen, D. T., Sokol, P. A. and Eberl, L. (2009).
Identification of specific and universal virulence factors
in Burkholderia cenocepacia strains by using multiple
infection hosts. Infection and Immunity 77(9), 4102-
4110.

Um, S., Fraimout, A., Sapountzis P., Oh, D. C. and
Poulsen, M. (2013). The fungus growing termite
Macrotermes natalensis harbors bacillaene producing
Bacillus sp. that inhibit potentially antagonistic fungi.
Scientific Reports 3, 3250.

van Dijl, J. and Hecker, M. (2013). Bacillus subtilis: From
soil bacterium to super-secreting cell factory. Microbial
Cell Factories 12, 3.

Vinokurov, K., Taranushenko, Y., Krishnan, N. and
Sehnal, F. (2007). Proteinase, amylase, and

14

proteinase-inhibitor activities in the gut of six
cockroach species. Journal of Insect Physiology 53(8),
794-802.

Vivero, R. J., Mesa, G. B., Robledo, S. M., Herrera, C.
X. M. and Cadavid-Restrepo, G. (2019). Enzymatic,
antimicrobial, and leishmanicidal bioactivity of Gram-
negative bacteria strains from the midgut of Lutzomyia
evansi, an insect vector of leishmaniasis in Colombia.
Biotechnology Reports 24, e00379.

Wang, Q., Ji, F., Wang, J., Jiang, B, Li, L., An, L., Li,
Y. and Bao, Y. (2016). Characterization of a salt-
activated protease with temperature-dependent
secretion in Stenotrophomonas maltophilia FF11
isolated from frozen Antarctic krill. Journal of Industrial
Microbiology and Biotechnology 43(6), 829-840.

Wasi, S., Tabrez, S. and Ahmad, M. (2013). Use of
Pseudomonas spp. for the bioremediation of
environmental pollutants: A review. Environmental
Monitoring and Assessment 185(10), 8147-8155.

WHO, World Health Organization. (2014). Antimicrobial
resistance: Global report on surveillance. World
Health Organization, France.

Wilson, E. O. (2003). Pheidole in the New World: A
Dominant, Hyperdiverse Ant Genus. Harvard
University Press, United States.

Wilson, K. H. (1995). Molecular biology as a tool for
taxonomy. Clinical Infectious Diseases 20(Suppl 2),
S117-S121.

Wong, D., Nielsen, T. B., Bonomo, R. A,
Pantapalangkoor, P., Luna, B. and Spellberg, B.
(2017). Clinical and pathophysiological overview of
Acinetobacter infections: A century of challenges.
Clinical Microbiology Reviews 30(1), 409-447.

Yumoto, |, Hirota, K. and Yoshimune, K. (2011).
Environmental distribution and taxonomic diversity of
alkaliphiles. In: Extremophiles Handbook. Horikoshi,
K. (ed.). Springer, Tokyo. pp. 55-79.

Yun, J. H.,, Roh, S. W., Whon, T. W,, Jung, M. J., Kim,
M. S., Park, D. S., Yoon, C., Nam, Y. D., Kim, Y. J.,
Choi, J. H. and Kim, J. Y., Shin, N. R,, Kim, S. H.,
Lee, W. J. and Bae, J. W. (2014). Insect gut bacterial
diversity determined by environmental habitat, diet,
developmental stage, and phylogeny of host. Applied
and Environmental Microbiology 80(17), 5254-5264.

Zarei, O., Shokoohizadeh, L., Hossainpour, H. and
Alikhani, M. Y. (2018). Molecular analysis of
Pseudomonas aeruginosa isolated from clinical,
environmental and cockroach sources by ERIC-PCR.
BMC Research Notes 11(1), 668.

Zarzuela, M. F. M., Ribeiro, M. C. C. and Campos-
Farinha, A. E. C. (2002). Distribuicdo de formigas
urbanas em um hospital da Regido Sudeste do Brasil.
Arquivos do Instituto Biologico 69, 85-87.

Zhang, F., Yang, C., Zhang, X., Zhu, H., Zhao, D. and

Huang, Y. (2020). Isolation of an anti-
entomopathogenic fungal protein secreted from
Pseudomonas aeruginosa BGf-2: An intestinal

bacteriam of Blattella germanica (L.). Journal of

Invertebrate Pathology 173, 107371.

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 18(1) 2022, pp. 1-16
DOI: http://dx.doi.org/10.21161/mjm.211231

Zhang, P. B,, Yan, X., Qiu, X. H. and Han, R. C. (2010). Zurek, L. and Gorham, J. R. (2008). Insects as vectors

Application of transgenic Enterobacter cloacae with of foodborne pathogens. In: Wiley Handbook of
the insecticidal tcdA 1 B 1 genes for control of Science and Technology for Homeland Security.
Coptotermes formosanus (Isoptera: Rhinotermitidae) Voeller, J. G. (ed.). John Wiley & Sons, Inc., United
in the field. Sociobiology 56(1), 27-38. States.

SUPPLEMENTARY INFORMATION

Table S1: Bacterial isolates from P. rugaticeps and P. americana based on 16S rRNA gene sequences using
identification threshold of similarity greater than 99%.

Phylogenetic group  Bacterial isolate  Bacterial species (Top match) Accession Nucleotide
number identity (%)

Proteobacteria PrPHC1 Stenotrophomonas maltophilia MW267005 100
Proteobacteria PrPHC2 Sphingomonas sp. MW267006 100
Proteobacteria PrPHC3 Burkholderia cenocepacia MW267007 99.40
Firmicutes PrPHC4 Serratia marcescens MW267008 100
Firmicutes PrLHE2 Staphylococcus pseudintermedius MW267011 99.70
Firmicutes PrLHE3 Lysinibacillus sp. MW267012 99.69
Proteobacteria PrGRA1 Serratia marcescens MW267014 100
Firmicutes PrGRA2 Bacillus licheniformis MW267015 100
Proteobacteria PrGRA4 Dickeya solani MW267017 100
Firmicutes PrkRK2 Staphylococcus saprophyticus MW267019 99.09
Actinobacteria PrKRK3 Microbacterium laevaniformans MW267020 99.10
Proteobacteria PrkRK4 Burkholderia cepacia MW267021 99.38
Firmicutes PrkRK5 Bacillus cereus MW267022 100
Actinobacteria PrkRK6 Brevibacterium linens MW267023 99.06
Firmicutes PrKDR1 Staphylococcus lugdunensis MW267024 99.69
Firmicutes PrkDR2 Bacillus sp. MW267025 99.69
Firmicutes PrKDR3 Bacillus megaterium MW267026 99.38
Proteobacteria PrKDR4 Brevundimonas sp. MW267027 100
Proteobacteria PrKDR5 Stenotrophomonas maltophilia MW267028 99.69
Firmicutes PrAKS1 Bacillus pumilus MW267030 100
Firmicutes PrAKS3 Lysinibacillus pakistanensis MW267032 100
Proteobacteria PrAKS4 Burkholderia cepacia MW267033 99.41
Firmicutes PrAKS5 Staphylococcus epidermidis MW267034 100
Proteobacteria PrAKS6 Serratia marcescens MW267035 100
Firmicutes PrAKZ1 Bacillus sp. MW267036 99.40
Proteobacteria PrAKz3 Acinetobacter sp. MW267038 100
Proteobacteria PrAKz4 Burkholderia cepacia MW267039 99.67
Firmicutes PrAKz5 Staphylococcus nepalensis MW267040 100
Actinobacteria PrAKz6 Brachybacterium saurashtrense MW267041 99.68
Firmicutes PrAKz7 Bacillus pumilus MW267042 100
Proteobacteria PaPHC2 Serratia marcescens MW267754 100
Proteobacteria PaPHC3 Pseudomonas aeruginosa MW267755 99.36
Firmicutes PaPHCA4 Bacillus anthracis MW267756 99.04
Proteobacteria PaLHE1 Serratia marcescens MW267757 100
Firmicutes PaLHE2 Bacillus sp. MW267758 99.69
Proteobacteria PaLHE3 Pseudomonas aeruginosa MW267759 99.38
Proteobacteria PaDASH1 Burkholderia cepacia MW267761 99.67
Firmicutes PaDASH2 Bacillus cereus MW267762 99.37
Firmicutes PaDASH4 Bacillus subtilis MW267764 100
Firmicutes PaDASH5 Bacillus pumilus MW267765 99.70
Firmicutes PaDASH6 Bacillus amyloliquefaciens MW267766 99.07
Proteobacteria PaGRA2 Burkholderia cepacia MW267768 100
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Firmicutes PaKRK1 Bacillus subtilis MW267769 99.70
Proteobacteria PakKRK2 Acinetobacter baumannii MW267770 99.06
Proteobacteria PakKRK3 Pectobacterium carotovorum MW267771 100
Proteobacteria PaKRK5 Pseudomonas aeruginosa MW267773 100
Firmicutes PakKDR1 Lysinibacillus sp. MW267774 99.10
Firmicutes PaKDR3 Bacillus toyonensis MW267776 99.06
Phylogenetic group  Bacterial isolate  Bacterial species (Top match) Accession Nucleotide
number identity (%)

Firmicutes PaKDR4 Bacillus anthracis MW267777 99.69
Firmicutes PakKDR5 Bacillus subtilis MW267778 100
Proteobacteria PaKDR6 Bacillus megaterium MW267779 99.40
Proteobacteria PaKDR7 Burkholderia cepacia MW267780 99.04
Firmicutes PaKDRS8 Staphylococcus epidermidis MW267781 100
Firmicutes PaCAKS1 Bacillus subtilis MW267782 100
Firmicutes PaCAKS2 Bacillus sp. MW267783 100
Firmicutes PaCAKS3 Bacillus amyloliquefaciens MW267784 99.68
Firmicutes PaCAKS4 Bacillus pumilus MW267785 100
Firmicutes PaCAKS5 Bacillus mycoides MW267786 100
Firmicutes PaCAKS7 Bacillus subtilis MW267788 100
Firmicutes PaAKZ2 Bacillus sp. MW267790 99.38
Firmicutes PaAKZ3 Bacillus anthracis MW267791 99.68
Firmicutes PaAKz4 Paraclostridium bifermentans MW267792 99.69
Firmicutes PaAKZ5 Lysinibacillus sp. MW267793 99.69

*|solates that starts with Pr are from P. rugaticeps while those beginning with Pa are from P. americana. The table includes the top
(closest) match using the NCBI databases.
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