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Abstract
This study makes an assessment on the role of cockroaches as potential carriers of pathogenic
microorganisms. Current research is based on isolation, biochemical conformation and antimicrobial
susceptibility tests. Totally, 191 household cockroaches were collected and identified as Blata orientalis,
Blattella germanica and Periplaneta americana. A total of 10 Gram positive and negative species were
isolated from their external surfaces and in the gastrointestinal tract. Percentage prevalence of
contaminations for isolates were found higher in P. americana (35.6%) than B. orientalis (32%) and least
in B. germanica (21.6%). The highest percentage of isolates was recorded in female (55.6%) then male
(33.6%) cockroaches. The most abundant and common bacterial species belonged to Escherichia coli
(80%), while Salmonella spp. (55%) was recoded as the least isolated specie. The ciprofloxacin and
colistin sulphate antibiotics were recorded as most effective drugs against all isolates. The current finding
of this study suggests that household cockroaches act as potential vector and reservoir of some important
bacterial pathogens.
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1. Introduction
Cockroaches belong to order Blattodea and are considered as an important mechanical vector
source to transmit pathogenic organisms including protozoa, bacteria and viruses. The
occurrence and distribution of cockroaches are worldwide [1] and so far more than 50 species
of cockroaches have been reported around human living structures [2]. Similar kinds of
bacterial fauna occurrence in nymphal and adult cockroaches indicate sharing of forage and
residential localities [3]. The shedding of nymphal cuticle and damaged body parts during
metamorphosis provides rapid dispersal of pathogens [4].
Cockroaches can breed and forage in sewer systems, garbage bins, and latrines [5].
Cockroaches create problematic conditions which include spoilage of food, transfer of
pathogens, frequent allergic reactions and psychological distress [6]. The presence of
cockroaches is a major cause of acute asthma morbidity [7].
Cockroach’s nocturnal habit facilitates the rapid transmission of pathogens during at night
time [8]. Household cockroaches carry more than 100 pathogen bacteria on their integuments,
in the digestive tracts, and in feces [9]. Cockroaches can transmit various pathogens, both on
the external surface and internal medium of human body [10]. It was noted that the presence of
bacterial fauna found highest in the stomach than intestine and least on external surfaces [11].
They can provide sufficient space for multiplication of pathogens in gastrointestinal tract as
their excretion may contain bacteria for up to 114 days [12].
Most dominant species of cockroaches include American cockroaches (P. americana) which
are large and black, Oriental cockroaches (B. orientalis) are medium and dark brown to black
and German cockroaches (B. germanica) are in smaller size and brown in colour [13]. American
cockroaches carry numerous bacteria like Escherichia coli, Klebsiella spp., Staphylococcus
spp., and Enterococcus spp [14]. Few researchers conducted on cockroaches deny their direct
involvement to cause serious health issues like allergic reactions. However, it is confirmed that
they provide shelter to multidrug resistant bacterial pathogens [15].
The disease control management plan includes proper vaccination in infected areas; improved
water quality and sanitation recommended by world health organization. These measures help
in the prevention of diseases spread by cockroaches. Role of cockroaches as mechanical
vectors of source for bacteria needs more research.
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The objective of this research was to isolate, identify and
check antibiotic resistance in isolated bacterial pathogens
from household cockroach species.
2. Material and methods
2.1 Collection of cockroaches
Laboratory work was performed at Center for Advanced
Studies in Vaccinology and Biotechnology (CASVAB)
University of Baluchistan, Quetta and an ethics approval was
taken from the same research institute. The current study was
conducted at the above premises during the period MarchJuly, 2016. A total of 191 adult cockroaches were captured
with majority at early in the morning and late night hours
from houses. These were manually hand caught using sterile
entomological forceps and few at and were kept in sterile
flask. The collected specimens were examined under laminar
flow with the help of the compound microscope to study
sexual dimorphism using taxonomic keys as described by
Chew [16].
2.2 Isolation from body surface and gut
Each cockroach was frozen at 0 to -5°C for 5-10 minutes to
bring under sub-conscious condition. About 2 ml of saline
solution (0.9%) was added in the sterile flask, then vortex it
and add saline solution (0.01 ml) to the media [17]. The next
step was to add 70% alcohol in the flask containing cockroach
to decontaminate external surface and transfer the cockroach
into sterilize flask to dry at room temperature under sterile
conditions. Sterile normal saline (0.9%) was used for 2-3
minutes in order to remove all traces of alcohol. To isolate the
internal bacteria, cockroaches were dissected and
gastrointestinal tract was macerated aseptically in a sterile
pestle and mortar in 2 ml of sterile normal saline. Aliquots
(0.01 ml) of both prepared samples, including the external
surface and gastrointestinal tract were cultured separately on
selective and differential media, including Eosin methylene
blue agar (EMBA), Cetrimide agar (CA), Selective agar,
Mannitol salt agar (MSA), Reinforced Clostridial medium
agar (RCM), Salmonella-Shigella agar (SSA) at 37°C for 24
hours under facultative and anaerobic conditions [18].
3.3 Identification of isolates
General characterization was done following bacteriological
procedures of Gram staining. Further, characterization was
achieved with biochemical tests which include; Gram
staining, IMVIC, sugar fermentation, catalase, oxidase,
gelatin liquefaction, Christie Atkins Munch Petersen, CAMP
and H2S production tests [19, 20].
3.4 Antibiotic susceptibility test
A standardized antibiotic sensitivity trail was tested on
Mueller Hinton agar followed by the disc diffusion Bauer
technique and McFarland turbidity standard method of CLSI
Protocol [21]. The diameter of the zone of inhibition around the
disc was measured for sensitivity and resistivity responses of
specific antimicrobial agent (10-30 µg) for isolates [22].
3.5 Statistical analysis
Population density of collected specimens was calculated on
t-test (p (one tailed) < 0.05) assuming independent variable using
Microsoft Excel, Analysis tool pack 2010.
4. Results
4.1 Cockroach infestation
During this study three species, the P. americana, B.

germanica and B. orientalis were reported as the most
common species in Quetta city. Gram-positive bacilli, cocci
and Gram-negative bacilli were isolated from external surface
and gastrointestinal tract of the cockroaches. Significant result
(p<0.02) for population density was obtained which indicates
that male and female cockroaches were similar in population
size collected from houses (Table 1). It was found that
cockroaches carry 89.2% bacteria on external surfaces
(28.9%) and gastrointestinal tract (60.3%) during the
dissection of contaminations.
The P. americana was the most abundant carry 35.6% isolates
of all cockroaches, while least was found isolated from B.
germanica 21.6% (Figure 1). Percentage frequency of
contamination was higher in P. americana (male 11.4%,
female 24.2%) than B. orientalis (male 14%, female 18%) and
least in B. germanica (male 8.2%, female 13.4%) as
mentioned in Figure 2. This result also indicates that female
cockroaches exhibit better potential for bacterial species as
reservoirs than male cockroaches.
4.2 Isolates from Cockroaches
Total ten colonies were identified as Citrobacter spp., E. coli,
Enterobacter spp. and Klebsiella spp. grown on (EMBA)
media. Staphylococcus aureus developed new colonies on
(MSA) medium. S. typhimurium and Shigella spp. colonies
formation was confirmed on (SSA) media. Clostridium spp.
on (RCM), Listeria spp. on (SA) and Pseudomonas spp.
isolates were grown on (CA) media plates respectively
(Figure 3).
Escherichia coli 80% was the most dominant isolated specie
followed by 69.5% S. aureus, 69.5% Enterobacter spp., and
69.5% Citrobacter spp., placed at second dominant position;
Listeria spp., 65.6% secured its third position as dominant
species. Collectively Shigella spp., 61% Klebsiella spp., 60%
Pseudomonas spp., 58% Clostridium spp., and 63.6%
Salmonella spp., 55% were seen as least bacterial isolates
(Figure 4). However, Pseudomonas spp. presence was not
confirmed from B. germanica during isolation.
4.3 Biochemical tests
Biochemical tests including IMVIC, sugar fermentation tests,
catalase test, oxidase test, gelatin liquefaction test and H2S
production tests were successfully applied and gave results for
all isolates. Listeria spp was conformed only on CAMP test
summarized in Table 2.
4.4 Antimicrobial susceptibility analysis
The antimicrobial susceptibility analysis of all antibiotics
showed commonest and multidrug resistant pattern.
Polypeptides (colistin sulphate), quinolones (ciprofloxacin)
and tetracyclines (tetracycline) were found as effective
common antibiotics. Multidrug resistant pattern was restricted
to penicillin (carbenicillin), glycopeptides (vancomycin),
lincosamides (lincomycin) and amino-glycoside (kanamycin)
for isolated pathogen (Table- 3).
Clostridium spp. isolates were sensitive to all antibiotics
except Lincomycin, while S. aureus showed sensitivity to all
antibiotics. Listeria spp. was found to have multi-resistant to
three antibiotics and showed sensitivity of maximum 45 mm
zone of inhibition on ciprofloxacin. Overall, over two third of
isolates were found resistant to the drugs. For individual
strains of bacteria, Citrobacter spp., Enterobacter spp., E.
coli, Pseudomonas spp., Salmonella spp. and Shigella spp.
were found to have multi-drug resistance to four antibiotics,
whereas Klebesilla spp. resistance to three antibiotics.
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Table 1: Mean and variance of cockroaches for estimation of population density in Quetta city.
Cockroaches
Male
Female
t-test
P. americana
32
29
2.68
B. orientalis
34
31
B. germanica
38
27
Mean
34.66
29
Variance
9.33
4
* Significant difference (p<0.05) obtained for male and female distribution of cockroaches.

p-value*
0.02

Table 2: Biochemical tests applied for classical bacterial species identification isolated from cockroaches.
Bacterial isolates, shape and biochemical tests
a**
b
c
d
e
f
g
h
i
j
Rods Rods Rods Rods Rods Rods Rods Rods Cocci Rods
Indole
+
+
v
MR
+
+
+
+
+
IMVIC
VP
+
+
+
+
Simmon Citrate
+
+
+
+
+
Dulcitol
v
v
d
Glucose
+
+
+
+
+
+
+
+
+
+
Maltose
+
+
+
+
v
+
+
+
+
Trehlose
+
+
+
+
v
+
v
+
+
Sugar fermentation
Dextrose
+
+
+
+
+
+
+
+
+
Xylose
+
+
+
v
+
+
+
+
Sorbitol
+
+
+
v
v
+
v
v
Ionsitol
+
+
Mannitol
+
+
+
+
+
v
+
+
+
+
+
Urease test
+
Gelatin test
+
+
+
Catalase test
+
+
+
+
+
+
+
+
+
Other
Oxidase test
CAMP test
*
*
*
*
*
*
*
*
*
+
Motility test
+
+
+
+
+
t
H2S gas test
+
+
+
+
* +/- trends indicate positive and negative, v= variable mostly positive; d= 26-75% positive; * not applicable, t= tumbling.
** Abbreviations: a. Enterobacter spp, b. E. coli, c. Klebsiella spp., d. Pseudomonas spp., e. Citrobacter spp., f. Shigella spp.,
g. Salmonella spp., h. Clostridium spp., i. S. aureus, j. Listeria spp.
Biochemical tests

Table 3: Antimicrobial resistance and sensitivity evaluated for Gram positive and negative bacterial species on selective antibiotics.
Antibiotics** with zone of inhibition (mm)
Pathogens
CAR
CT
CIP
TET
VAN
LC
KAN
Clostridium spp
9
1
27
15
20
0
20
S. aureus
5
8
23
20
15
14
15
Positive
Listeria spp
0***
15
45
10
13
0
0
Salmonella spp
0
13
38
0
8
0
0
E. coli
0
18
26
26
0
0
0
Klebesilla spp
8
18
20
0
0
0
15
Enterobacter spp
0
17
36
10
0
0
0
Negative
Citrobacter spp
0
15
26
10
0
0
0
Shigella spp
0
12
24
0
0
0
14
Pseudomonas spp
0
10
31
0
0
0
11
**Antibiotics include; (CAR) Carbenicillin, (CT) Colistin sulphate, (CIP) Ciprofloxacin, (TET) Tetracyclines, (VAN)
Vancomycin, (LC) Lincomycin, (KAN) Kanamycin.
* Indicates formation of highest inhibitory zone.
** Indicates sensitivity of isolates on antibiotics.
Gram

Fig 1: Prevalence of isolates of isolates in each collected household cockroaches.
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Clostridium spp., S. aureus and Listeria spp., whereas
majority of isolates of were Gram negative stains; Citrobacter
spp., Enterobacter spp., E. coli, Klebsiella spp., Pseudomonas
spp., Salmonella spp., Shigella spp. [11, 23, 24, 25, 26].
Pseudomonas spp. was the only specie not identified from B.
germanica [27].
Bacterial species richness varies among cockroach species
such that E. coli secured its top position and least was
obtained by Salmonella specie. This result was in agreement
with observation of Bouamamaa [14]. Most of the bacterial
species were isolated from the gastrointestinal tract than
external surface of the cockroaches. Our findings show
marginal difference between contaminated and noncontaminated dissected cockroaches.
Few antibiotics including carbenicillin, lincomycin and
vancomycin showed resistance to Gram positive and negative
bacteria. Community medicines such as ciprofloxacin and
colistin sulphate were susceptible to bacterial colonies and our
results were in concordance with those reported by Moges [28]
that these antibiotics have minimal impact on bacterial
isolates of cockroaches.

Fig 2: Relative abundance of bacterial species isolates from male
and female cockroaches.

6. Conclusion
Cockroaches are fast running arthropod and their rapid
movement helps in the transmission of pathogens. Body parts
such as mouth and legs have a sufficient reservoir ability to
carry bacterial fauna when in contact with contaminations.
Overall, our research suggests the possible involvement of
cockroaches in the spread and transmission of pathogenic
bacteria. Antibiotics including ciprofloxacin and colistin
sulphate show susceptibility on all isolates of household
cockroaches. Besides, cockroaches must be eradicated from
houses as they have developed enough resistance potential
against other antibiotics.

Fig 3: Media plates; a. Citrobacter spp., b. Clostridium spp., c. E.
coli, d. Enterobacter spp., e. Klebsiella spp., f. Listeria spp., g.
Pseudomonas spp., h. S. typhimurium, i. Shigella spp., j. S. aureus.
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Fig 4: Indicates bacterial diversity occurrence in percentages isolated
from cockroaches.

5. Discussion
A total of 10 bacterial isolates were identified and isolated
from the external surface and the gastrointestinal tract of
household cockroaches. This was the first attempt on bacterial
isolation from B. orientalis in this region.
The present result shows that B. orientalis and P. americana
measured three to four times larger; indicates the presence of
rich bacterial flora than B. germanica. This coincidence may
strengthen the assumption that the capability of harboring
microorganisms by cockroaches is size dependent along with
other factors including sanitation condition of the
environment. There was no significant difference between the
population size of male and female cockroaches and shows
the uniformly occurrence for both sexes of cockroaches in
houses. In this study a high percentage of contamination of
bacteria was found in female cockroaches which were due its
larger body size than male. Cockroaches harboured important
bacterial pathogens including Gram positive stains;
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