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ABSTRACT

Drug-resistant pathogens form the main threat to global health during the current century. Annually, a
lot of patients die in hospitals due to infection with one or more drug-resistant bacteria especially
Staphylococcus aureus (MRSA). In the absence of new effective antimicrobial drugs, the number of deaths
said to be increased. Searching for new antibiotics in our backyard form a part of scientist strategies to
solve such serious health problem. Insects consider one of such interesting sources of the new era of
antimicrobial drugs. Cockroaches as an example can live and adapt in a polluted area for a long time,
so through this work field cockroach, Blattella vaga was collected from two semi-wild areas around
Riyadh, Saudi Arabia for isolation of gut bacteria searching for new antimicrobial agents. Three species
of bacteria were identified from field cockroach gut: Bacillus licheniformis, Bacillus subtilis, and Kocuria
rosea. The three species were isolated, purified, and tested for their antimicrobial activity against four
drug-resistant pathogens (three bacteria: Salmonella enterica (ATCC25566), Staphylococcus aureus
(MRSA) (Clinical strain), and Streptococcus mutans (RCMB 017(1) ATCC ® 25175™) and one fungus:
Candida albicans (RCMB005003(1) ATCC® 10231™)). The results show no antimicrobial activity of
Bacillus subtilis and very good activity Bacillus licheniformis and Kocuria rosea. Bacillus licheniformis gives
very effective activity against Candida albicans while Kocuria rosea is effective against MRSA and
Streptococcus mutans. None of the gut isolated bacteria show any activity against Salmonella enterica.
Such results revealed that the metabolites of these bacteria could be used as substitutes to the already
used antibiotics to overcome the problem of multidrug-resistant human pathogens.
© 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

2017; Meo et al. 2017). The same case can be applied to pathogenic
fungi (Arendrup, 2014; Omar et al. 2014). The pressure of the

Searching for new antimicrobial drugs forms the main chal-
lenge of microbiologists and pharmacologists during this century
(Coates et al., 2002; Thomson et al., 2004; Al-Waili et al. 2012).
With the presence of a huge number of drug resistance pathogens,
the normal sources of such drugs become drained (Mandal et al.,
2014; Farha & Brown, 2019; Noori et al. 2012; Noori et al. 2013).
The rapid world spread of multi- and pan-resistant bacteria form
a global medical and development threat that facing public health
today (Odonkor & Addo, 2011; Ansari et al. 2013; Ansari et al.
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absence of effective antimicrobial agents for many common dis-
eases motivates scientists to search for alternative sources for
new antibiotics (Clardy et al., 2006; Ansari et al. 2016a; Ansari
et al. 2016b; Khan et al. 2018; Khan et al. 2019; Mohammed
et al. 2019). Seaweeds, algae, and deep-sea soil form a part of such
new sources for future drugs (Montaser & Luesch 2011; Singh et al.,
2015), but recently insects and their microbiomes were found to be
rich sources of antibiotics that can be used in human medication
(Chevrette et al., 2019).

Insects as the dominant group of animals that live on earth
today have very complicated relations with all other living forms
(Nasser, 2015; Adly et al., 2019). One of such interesting relations
is their rapport with microorganisms including bacteria. The insect
gut is considered a very specialized environment for a bacterial
colonization that potentially provides many beneficial services to
their hosts (Lee et al. 2012). Many insect species depend on gut
bacteria for many basic functions such as protecting their insect
hosts against pathogens, parasitoids, and other parasites by syn-
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thesizing specific peptides or modifying the way by which their
immune systems work (Engel & Moran, 2013; Khan et al. 2017).
Insect gut bacteria have been documented to exhibit antagonistic
activity against several human pathogens (Voirol et al., 2018; Al-
Ghamdi et al. 2020; Khan et al. 2020; Anjum et al. 2021), but many
insect groups rarely screen for such interesting relation before and
one of such group is Cockroaches (Ankrah et al., 2017). Cock-
roaches are one of the oldest insects that survive on earth millions
of years ago, suggesting their ability to adapt and resist environ-
mental threats including pathogenic agents (Kamal et al., 2020).

Cockroaches belong to the order Blattodea of the class Insecta
with about 4000 known species worldwide (Cochran, 2009). Sev-
eral associated bacterial families have been reported from cock-
roaches, particularly members of the family Enterobacteriaceae,
but species of Staphylococcaceae and Mycobacteriaceae have also
been found. Streptomyces, Bacillus, Enterococcus, and Pseudomonas
were the most reported genera from the cockroach gut (Guzman
&Vilcinskas, 2020; Anjum et al. 2018; Al-Ghamdi et al. 2018). Such
diversity of gut microbiota may be playing an important role in
cockroaches’ health and fitness (Cruden & Markovetz, 1984;
Tinker & Ottesen, 2016). The field cockroach, Blattella vaga Hebard
(Blattodea: Ectobiidae), is one of the species for which we have
insufficient knowledge of their gut microbiota (Lee, 2000). It was
described in 1935 by Morgan Hebard from specimens collected
in Arizona and California (Hebard 1935). This species resembles
the other established Blattella spp. in North America: the Asian
cockroach, B. asahinai Mizukubo, and the German cockroach, B. ger-
manica (L.) (Atkinson et al. 1991). Adults of these species are sim-
ilar in length, with a pair of longitudinal stripes on their pronotum.
Both B. asahinai and B. vaga live outdoors in wild and semi-wild
habitats, fly to lights, and can become peridomestic pests (Helfer
1987; Atkinson et al. 1991). The clear natural habitat of Blattella
vaga encourages the search for new bacterial symbionts that could
form a source of antimicrobial agents. So, this work aims to isolate
and identify gut bacteria from the wild field cockroach Blattella
vaga from Saudi Arabia and to test their antagonistic activity
against some drug-resistant microorganisms to handle the prob-
lems of antimicrobial resistance among human pathogens.

2. Materials and methods

Adult field cockroaches Blattella vaga Hebard, 1935, were col-
lected from two different environmental sites around Riyadh pro-
vince, Saudi Arabia (Wadi Namar Dam 24.571488°N,
46.679726°E, and Wadi Hanifa 24.777°N, 46.530555°E), during
Spring and summer of 2020 (Fig. 1). The adult cockroaches were
collected live using hand picking methods by examining humus
around trees and shrubs visually. A total of 74 individuals were
collected, while only some of them were used to perform the
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experiments. The identification of insects was performed using
the standard taxonomic key (Choate et al., 2008).

Cockroaches were dissected and their guts were removed using
a sterile blade and forceps. The gut was completely crushed in a
mortar with 1 mL sterile distilled water. Around 200 pL of the sam-
ple was inoculated into the nutrient agar medium then incubated
at 37 °C for 24 hrs. Colonies with different Morphology were
selected and further sub-cultured on an appropriate medium. All
the isolated samples were stored at 4 °C for 20-25 min, and the
isolated colonies were subjected to perform phenotypic analysis,
which includes analysis of color, consistency, surface texture,
appearance, and opaqueness. All bacterial isolates were stained
with Gram’s dye for the identification of whether Gram-positive
or Gram-negative bacteria (Buommino et al., 2021). The isolated
bacteria were identified by matrix-assisted laser desorption
ionization-time of flight mass spectrometry (Vitek MALDI-TOF
MS), the technique that depends on the biochemical activities
and protein profile of each isolate (Bates et al., 2016).

Part of a single colony was transferred to an individual spot on
the 48-well Vitek Mass spectrometry disposable slides MS-DS. Each
spot was covered with 1 uL ready-to-use Vitek MS alpha-cyano-4-
hydroxycinnamic acid (HCCA) matrix. The target plate was then
read, the spectra were acquired using the MALDI-TOF Vitek MS
(bioMérieux) and analyzed on Vitek Mass spectrometry in vitro
diagnostic MS-IVD system. The protein profiles of each specimen
with an m/z of 3000 to 15,000 were produced, and the profiles were
further matched with the Vitek MS reference CE-IVD certified data-
base (>20,000 spectra). Matching results with confidence percent-
ages of 94% to 98% confidence were considered for genus level,
results of >98% confidence were considered for species level,
but < 94% confidence was unacceptable for identification.

Multidrug-resistant (MDR) bacteria and fungi were used and
obtained from the medical city, King Khalid University Hospital,
College of Medicine, King Saud University, Riyadh Saudi Arabia.
Gram-positive bacteria utilized were methicillin-resistant Staphy-
lococcus aureus (MRSA) (clinical isolate), and Streptococcus mutans
Clark (RCMB 017(1) ATCC ® 25175™), and the Gram-negative bac-
teria utilized was Salmonella enterica (ATCC®. 25566™). The human
pathogenic fungi utilized was Candida albicans (RCMB005003(1)
ATCC® 10231™).

The purified colonies of isolated gut bacteria were cultured on
nutrient broth medium, which was prepared by adding 15 gm of
a mixture of beef Extract-Peptone-Sodium Chloride with 1 L of dis-
tilled water, which was mixed to dissolve completely and sterilized
by the autoclave at 121 °C for 15 min; incubation was then done at
37 °C for 24 h in a shaker incubator before testing their antagonis-
tic activity (Bertino-Grimaldi et al., 2013). The agar well diffusion
method was used to test the antagonistic activity of the
gut-isolated bacteria against the selected human pathogens (using

b

Fig. 1. a. North wadi Hanifa Habitat; b. Wadi Namar Dam Habitat.
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nutrient agar media for testing bacteria and malt extract agar
media for testing fungus) (Bhat & Nalawade, 2016). Then the plates
were incubated for 24 h at 37 °C for testing pathogenic bacteria
and 28 °C for testing pathogenic fungus. Negative control of using
free media was used to ensure the accuracy of results. The zones of
inhibition of pathogenic bacteria and fungus were measured by a
transparent ruler. Three replicates for each test were done for
every evaluated pathogenic species.

3. Results

Three species of gram-positive bacteria were identified using
Vitek (MALDI-TOF MS) from the gut of adult field cockroaches Blat-
tella vaga for the first time: Bacillus licheniformis, Bacillus subtilis of
Family Bacillaceae, and Kocuria rosea of Family Micrococcaceae.
The results show somewhat difference in bacterial symbionts
between the two sites of collections as the cockroach collected
from Wadi Hanifa has only two species Bacillus licheniformis and
Bacillus subtilis while that of Wadi Namar Dam have the three spe-
cies (Table.1). The culture indicates the domination of Bacillus sub-
tilis on the bacterial gut symbionts of Blattella vaga.

The evaluation of the antimicrobial activity of the three bacte-
rial symbionts against the selected drug-resistant pathogens indi-
cated no effect of Bacillus subtilis against any tested microbes.
On the other hand, the Bacillus licheniformis show great effect
against Candida albicans (Pathogenic fungus) while no antimicro-
bial activity against pathogenic bacteria. In contrast, Kocuria rosea
shows a good effect against two pathogenic bacteria MRSA and
Streptococcus mutans, and no effect against pathogenic fungi. No
of all tested bacteria give any antimicrobial activity against Sal-
monella enterica (Table 2) (Figs. 2& 3).

4. Discussion

Our public health systems today are facing several serious prob-
lems and drug-resistant pathogenic agents form one of headache
and sophisticated issue of such problems that far from completely
resolved (Buhner, 2012; Dheda et al., 2017; Hosni et al., 2020).
Finding new alternatives to the present antimicrobial drugs

Table 1
Summarized list of isolated symbiont bacteria of Blattella vaga through the two
collecting sites and the frequency of their colony occurrence during culture.

Environmental sites Identification of Frequency of occurrence

gut bacteria of colony
Wadi Hanifa Bacillus licheniformis 33%*
Bacillus subtilis 43%*
Wadi Namar Dam Bacillus licheniformis 33%*
Bacillus subtilis 43%**
Kocuria rosea 24%
Total no. of bacterial isolates = 100 100%

* Bacillus licheniformis, isolated from two different environmental sites so take the
same percentage of occurrence

** Bacillus subtilis, isolated from two different environmental sites so take the same
percentage of occurrence

Table 2
Antimicrobial activity of isolated gut bacteria against tested pathogenic agents.
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become the very important and urgent target of researchers to
achieve a sustainable level of infection control through the global
health systems (Boucher et al., 2017; Coates et al., 2002). Several
natural and artificial sources were tested to accomplish such pou-
pous (Rajanbabu & Chen, 2011; Sargiya et al., 2017). Insects and
their associated microflora form a very good store to the new era
of antimicrobial and antipathogenic medications (Amer et al.,
2021; Al-Ghamdi et al. 2021; Masry et al. 2021).

Through the present study, the gut symbiont of wild cockroach
Blattella vaga was isolated and identified for the first time to test
their antimicrobial activity. There were clear differences in such
bacterial symbionts between the studied cockroaches in the two
different collection sites. Recently, a study that evaluates the
antagonistic activity of gut bacteria of American cockroach Peri-
planeta americana L. shows similar results, as the habitat of Amer-
ican cockroach individuals affects greatly the associated bacterial
species of cockroach gut (Amer et al., 2021). Also, the same results
appear during the study of symbionts of other insects like the asso-
ciated bacteria of house fly (Rady et al., 2007).

Here, Kocuria rosea occurs only on individuals collected from
Wadi Namar Dam. The Kocuria rosea naturally occurs on human
skin and the surface of some species of spiny plants; it is also
known as an opportunistic pathogenic agent that causes urinary
tract infections in people with a very weak immune system
(Halpern et al., 2011; Kandi et al., 2016). The presence of a huge
lake on the Wadi Namar Dam could explain the presence of such
bacteria on the gut of Blattella vaga individuals on this site and
the absence of its individuals of Wadi Hanifa (Fig. 1). The contam-
ination of Wadi Namar Dam water with sewage could indicate the
transfer of this species of bacteria to Blattella vaga individuals that
live in the surrounding habitat. On the other hand, Bacillus licheni-
formis and Bacillus subtilis are common soil bacteria species
(Kambourova et al., 2001). Bacillus licheniformis is also a common
inhabitor of bird plumage especially on ground-dwelling birds
(like sparrows) and aquatic species (like ducks) (Whitaker et al.,
2005) while Bacillus subtilis is known from the gut of several ani-
mal species including insects such as honey bees (Sudhagar et al.,
2017). So, the occurrence of these species on the gut of Blattella
vaga through the two collection sites consider a normal thing,
especially that these species collected from other cockroach gut
before (Amer et al., 2021).

The relative cleanness of the wild habitat of Blattella vaga effects
on antimicrobial activity of its bacterial symbionts. As environ-
mental heterogeneity of insect habitats helps in increasing the
antagonistic effect of its bacterial symbionts toward pathogens
(Igbal et al., 2014). The data that also supported through the study-
ing of associated bacteria of the American cockroach gut (Amer
et al., 2021). The isolated Bacillus subtilis show no antipathogenic
activity to all microbes tested, although this species of bacteria
was known before the antibiotic era as an immunostimulatory
aid for the treatment of gastrointestinal and urinary tract diseases
(Ciprandi et al., 1986). Bacillus licheniformis display great antimi-
crobial activity against Candida albicans the pathogenic fungi
which causing Candidiasis. Candidiasis is the disease caused by
the Candida yeast that infects the mouth, skin, or vagina (Pappas

Isolated gut bacteria Pathogenic agents

Growth Inhibition Zone (mm)

Candida albicans MRSA Salmonella enterica Streptococcus mutans
Bacillus licheniformis 29+ 0.5 0 0 0
Bacillus subtilis 0 0 0 0
Kocuria rosea 0 12+ 04 0 11+09
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Fig. 2. The inhibitory effect of gut isolated symbiont (Green color) against selective drug-resistant pathogens (Red colors); the inhibition zone indicated with a red spot

against clear negative controls.

Kocuria rosea

Bacillus subtilis

5

B Candida albicans

10

B (MRSA) m Salmonella enterica

15 20 25 30 35

W Streptococcus mutans

Fig. 3. The graph shows the inhibitory effect of gut bacterial symbionts against the selected drug-resistant pathogens the columns represent the diameter of the inhibition

zone.

et al., 2004). Kocuria rosea the third isolated bacteria of gut Blattella
vaga from Wadi Namar Dam show good anti-microbial activity
against Staphylococcus aureus (MRSA) -the bacteria that cause sev-
eral skin infections causing abscesses (boils), furuncles, and
cellulitis- and Streptococcus mutans — the common mouth bacteria
with significant contributor to tooth decay- (Wang& Kuramitsu,
2005; Holland et al., 2014).

Several previous studies have discussed cockroaches as sources
for several alternative drugs (Whitten & Ratcliffe, 1999; Basseri
et al, 2019; Kim et al.,, 2020). Also, some works illustrate the
antimicrobial activity of some species of gut-associated bacteria
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of cockroaches against multidrug-resistant pathogenic human
microbes (Akbar et al 2018; Amer et al., 2021), but this is the first
time to point out the antipathogenic activity of gut symbionts of
Blattella vaga. The result looks very promising especially for devel-
oping antifungal agents from Bacillus licheniformis against Candida
albicans. For achieving this aim, further chemical analysis of the
nature of such antimicrobial activity should be done and more clin-
ical evaluation must occur before the production of the final phar-
maceutical product based on the present results. Also, several
future studies are needed to screening the antimicrobial activities
of gut-associated bacteria of several insect groups.
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