Bacterial load of German cockroach (Blattella
germanica) found in hospital environment
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Background: Cockroaches are among the most common pests in public dwellings and health facilities.
Their presence can raise safety concerns, especially as they maybe carriers of pathogenic organisms.
Methods: This study was carried out to isolate and identify the bacterial flora from German cockroaches
(Blattella germanica). Cockroaches collected by hand catches from two public hospital environments in
Tebessa city (northeast Algeria) were screened for microbial load from their external surfaces and
alimentary tract using standard bacterial protocols.

Results: A total of 174 bacterial isolates were isolated from 39 German cockroach specimens. The most
common and abundant bacterial species belonged to the Pseudomonas group (23.5%) and Serratia
(13.2%). Pathogens like Staphylococcus aureus were also isolated, as well as opportunistic pathogens like
Klebsiella species and food spoilage bacteria such as Enterobacter and Citrobacter species were isolated
from both external surface and digestive tract of the insect. Generalized linear models (GLM) were
performed to analyze the variation of abundances and occurrences of bacterial isolates harboured by B.
germanica. The GLMs revealed that the main factors affecting variation of bacterial diversity and
abundance were sex and hospital (P < 0.001).

Conclusion: The findings of this study suggest that German cockroach acts as reservoir and potential
vector of some bacterial pathogens.
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Introduction

Cockroaches are primitive and highly successful
winged insects.! Of the 4000 known species, only a
dozen or so are considered as pests living in or
around human structures and dwellings. Synan-
thropic animal species, including cockroaches, live
in most human habitations, especially where food is
stored, processed, prepared, or served. They breed in
buildings and share human food and shelter. Apart
from human food, they also consume putrefied and
decaying organic matter.>® During the day, these
insects hide in isolated locations or in gaps of the
walls, but become active at night when they can move
about unnoticed.* The German cockroach, Blattella
germanica (Dictyoptera: Blattellidae), is by far the
most serious and predominant cosmopolitan pest in
the world due to changes in human travel, commerce,
and the urban environment.”’
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Cockroaches have been detected around hospitals,
sick rooms, areas of intensive care, surgical sections,
etc.’ Indeed, cockroaches are potential vectors of
pathogenic organisms in the hospital environment.’
In addition, numerous published papers recognized
the association of cockroaches with several infectious
diseases and the spread of drug-resistant microbes
worldwide. >0

The medical importance of cockroaches is much
greater than generally realized as they have been
shown to carry diverse pathogenic and non-patho-
genic bacterial flora, different protozoa, pathogenic
helminthes, fungi, and viruses, but their role in the
direct transmission of infection has seldom been
established and is somewhat uncertain.>'*"'

It was reported that 98% of cockroaches found in
medical facilities could carry pathogens on their integu-
ments or digestive tracts.'® Indeed, many potential
pathogens such as Escherichia coli, Enterobacter cloacae,
Pseudomonas aeruginosa, Staphylococcus aureus, Klebsie-
lla spp., Salmonella typhi, and Shigella dysenteriae were
isolated from cockroaches collected in hospitals.''1¢18
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Moreover, association of cockroach with the
human environment can cause direct food contam-
ination and several health problems such as allergic
responses (skin rashes, watery eyes, and sneezing)
particularly in patients who have a lung disease such
as asthma.®!92!

Domestic cockroaches exist in many human
habitats, such as hospitals, restaurants, offices,
homes, markets, and in the wurban community
together with the bacteria it harbours. They are
important in the spread of disecases and dispersal of
pathogenic agents and thus play a role of potential
vectors of diseases due to their mobility and constant
attendance with humans. Notwithstanding the impor-
tance of studies of cockroaches in the field of
preventive medicine, there is no information on the
status of the abundance of microorganisms and
bacterial species harboured by the cockroaches in
different habitats in Algeria or North Africa. The
objective of this study is to investigate the bacterial
load isolated from the alimentary tract (AT) and
external surfaces of the German cockroach captured in
two public hospitals in Tebessa, northeast Algeria.

Materials and Methods
Collection of cockroach specimens

Over a period of 2 months (April and May 2012), a
set of 39 adult cockroaches were manually hand
caught using sterile entomological forceps. These 2
months correspond to the end of winter and mid-
spring season, where cockroaches exhibit high rate of
growth and development. German cockroaches were
caught once per week at night, from 18:00 to 23:00.
Captures were carried out inside treatment and sick
rooms of two public hospitals A and B in Tebessa
(northeast Algeria). These two critical places (treat-
ment and sick rooms) were selected because they are
supposed to be high-septic area, and thus free of all
kind of insects and pathogens. Hospital A is intended
to cover a city with human population of 196 000
persons, while hospital B covers 85 000 people. The
two hospitals are located 30 km apart. The caught
cockroaches were kept in sterile test tubes until
transported to the laboratory for species and sex
identification, under a dissecting microscope, using
standard taxonomic keys.??

Bacterial isolation and identification

Each trapped B. germanica was frozen at 0°C for 5-
10 minutes. Then, a swab from the outer surface was
performed to analyze the external microbial commu-
nity. A homogenous enrichment suspension was
prepared in nutrient broth. The next step was to
remove the external contamination by washing the
cockroach’s body with 70% ethyl alcohol for 2 min-
utes. Then, the body was washed in sterile normal
saline (0.9%) for 2-3 minutes in order to remove the

Pathogens and Global Health 2014 voL. 108 NO. 3

effect of alcohol. To evaluate the internal microbial
flora, the digestive organ of each cockroach was
dissected out under sterile conditions and a homo-
genous suspension was prepared in 5 ml of nutrient
broth.

Aliquots (0.0 ml) of both prepared samples
including internal and external suspensions were
separately cultured on (i) plates of MacConkey agar
(Fluka Analytical, St. Louis, USA), (ii)) mannitol salt
agar (Difco, New Jersey, USA), (iii) SS (Salmonella
Shigella) agar (Fluka Analytical, St. Louis, USA),
and (iv) cetrimide agar (Merck, Tunis, Tunisia) at
37°C overnight (24 hours). The isolated colonies were
identified by standard bacteriological procedures.
Each representative colony was characterized by (i)
its macroscopic morphology, (ii) Gram stain, and (iii)
several conventional approaches including produc-
tion of catalase, coagulase, and respiratory type.
Further identification of bacteria was achieved using
a commercially available systems, i.e. Analytical
Profile Index ‘API’ System (bioM¢érieux, France).

Data analyses

The distribution of bacterial isolate densities over
the three different denominators (hospital, species
sex, or organ position) was represented using relative
abundance (RA), which was calculated as the
percentage of abundance of each bacterial species
isolate by the total number of isolates counted in a
given observation.

Bacterial species diversity was assessed by the total
specific richness “S’, which corresponds to the total
number of identified bacterial species at each
hospital, insect sex or organ position. Shannon’s
index (H' = —X(p; x log, p;)) and  evenness
(E = H'llog, S) were applied for the measurement
of bacterial diversity (alpha diversity: that is defined
as the species richness based on the number of species
and the proportion in which each species is repre-
sented in the community) in each sampled hospital,
species sex, or organ position based on the relative
density p; of the ith species.”

The effects of hospital, insect sex, and organ
position on the number of bacterial isolates and their
occurrences were tested using generalized linear
models (GLM).** For the number of bacterial
isolates, a Poisson distribution and log link were
used, although a binomial distribution and logit link
function were selected for their occurrences for GLM.
Data used for the analyses were number of isolates
and occurrences of the identified bacterial species.
All variables and their interactions were included in
the model. The GLM summary was given for each
model including the Akaike Information Criterion
(AIC).?>?¢ Then, the effect of ‘hospital’, ‘sex’, and
‘position’ for each model was tested using Type III
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Figure 1 Relative abundances of major bacterial groups isolated from males (N = 14) and females (N = 25) of Blattella

germanica captured in hospitals of northeast Algeria.

ANOVAs, where the chi-square and P value were the
outputs.? All statistical tests were performed with the
Remdr package version 2.0-0 of R software.?®%’

Results
Bacterial isolation and abundance

All German cockroaches collected from both hospi-
tals A and B contained various microorganisms,
where 12 different bacterial species of Gram-negative
bacilli and Gram-positive cocci were identified from
the external surface and AT of the surveyed
cockroaches (Table 1).

Five bacterial species appeared frequently, P. aerugi-
nosa, S. aureus, Klebsiella pneumoniae, Citrobacter
freundii, and E. cloacae. These are referred to as potential
pathogens. The other identified pathogenic and poten-
tially pathogenic bacterial species included Enterobacter
aerogenes, Enterobacter sp. and Serratia marcescens.

Table 1
hospitals in Tebessa (northeast Algeria)

Of the 174 bacterial isolates obtained from German
cockroaches in the two hospitals, 41 (RA = 23.5%)
belonged to the group of Gram-negative Pseudomonas
bacteria. A large number of these bacteria was found in
hospital A (RA = 24/41). P. aeruginosa strains isolated
from B. germanica presented a minor group of
Pseudomonas spp., whereas only seven different strains
were isolated and identified with an RA of 4% of the
total germs. Most P. aeruginosa were isolated from
cockroaches captured in hospital B (Table 1).

The Pseudomonas group dominated bacterial iso-
lates obtained from both AT and external surface of
female and male cockroaches. Overall, the RA of
Pseudomonas spp. was quite similar internally and
externally in males (RA = 23.1 and 17.9%, respec-
tively) and females (30.8 and 33.3%, respectively).
The Staphylococci group came in the second position

Relative abundances of bacterial species isolates harboured by Blattella germanica (N = 39) collected in two

Hospital A (N = 29)

Hospital B (N = 10)

Bacteria AT (%) ES (%) AT (%) ES (%) Overall
Pseudomonas aeruginosa 0 1(1.6) 4 (13.8) 2 (8.0) 7 (4.0)
Pseudomonas sp. 13 (22.4) 10 (16.1) 4 (13.8) 7 (28.0) 34 (19.5)
Staphylococcus aureus 9 (15.5) 13 (21.0) 1(3.4) 1(4.0) 24 (13.8)
Non-pathogenic Staphylococcus 2 (3.4) 5(8.1) 1(3.4) 1(4.0) 9(5.2)
Citrobacter freundii 9 (15.5) 12 (19.4) 6 (20.7) 3 (12.0) 30 (17.2)
Enterobacter cloacae 8 (13.8) 7 (11.3) 4 (13.8) 3 (12.0) 22 (12.6)
Enterobacter aerogenes 1(1.7) 0 0 0 1(0.6)
Enterobacter sp. 1(1.7) 0 0 0 1(0.6)
Klebsiella pneumoniae 7 (12.1) 8 (12.6) 2 (6.9) 4 (16.0) 21 (12.1)
Pantoea sp. 0 1(1.6) 1(3.4) 0 2(1.1)
Serratia marcescens 8 (13.8) 5(8.1) 5(17.2) 4 (16.0) 22 (12.6)
Serratia sp. 0 0 1(3.4) 0 1(0.6)

Overall 58 (100) 62 (100) 29 (100) 25 (100) 174 (100)
AT, alimentary tract; ES, external surface.
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in terms of isolate frequency (RA) with 33 isolated
strains, distributed on both sides of the external
surface and/or the gastrointestinal tract of both insect
sexes. Female cockroaches exhibited the most impor-
tant reservoirs of Staphylococcus with RA = 25.6
and 33.3% in both external surface and AT,
respectively, versus males with 7.7% in AT and
17.9% on external surface (Fig. 1).

The predominant bacterial species was S. aureus
with a frequency of 13.8% followed by coagulase-
negative Staphylococci. The external surface of
cockroaches presented the most contaminated posi-
tion with S. aureus. Female cockroaches contained
more enterobacterial species isolates (69/100) with a
frequency of 39.7% compared with the total isolated
germs, while males included 17.8% of enterobacterial
species isolates. A total of eight Gram-negative
enterobacterial species were identified, namely C.
Sfreundii (RA = 17.2%), E. cloacae (RA = 12.6%), S.
marcescens (RA = 12.6%), K. pneumoniae (RA =
12.1%), Pantoea sp. (RA = 1.2%), E. aerogenes
(RA = 0.57%), Enterobacter sp. (RA = 0.57%),
Serratia sp. (RA = 0.57%) (Table 1).

Enterobacter, Klebsiella, and Serratia had similar
frequencies inside and outside insect’s body, with a
larger tendency for females in both hospitals. Indeed,
female cockroaches were found to be carrying more
Citrobacter sp than male, both on the surface and in
the digestive tract (Fig. 1).

Bacterial diversity and evenness

Relatively high diversity values were observed in the
AT of Blattella females with 7 and 10 bacterial
species identified in hospitals A and B, respectively.
Generally, bacterial diversity values (species richness,
Shannon index, and evenness) were almost closer to
each other between the two sexes of cockroaches
captured in each hospital. Bacterial populations
isolated from the AT of female cockroaches captured
in hospital B had the greater diversity values
(H' = 3.18 bits, £ = 0.96), followed by the outer
surface of females trapped at hospital A (H' = 2.90
bits, £ = 0.99) and the digestive tract of males at the

Table 2 Diversity indices of bacterial species identified in
cockroaches associated with the surveyed hospitals

Hospital Sex Positon N S N/S H’ E

A M AT 22 9 244 286 090
ES 13 5 26 230 0.99

F AT 36 7 514 267 0.95

ES 49 9 544 290 0.92

B M AT 10 5 2 225 097
ES 12 7 171 263 094

F AT 19 10 19 3.18 0.96

ES 13 6 216 232 090

AT, alimentary tract; ES, external surface; N, number of bacterial
isolates; S, species richness; H', Shannon’s index; E, evenness;
M, male cockroach; F, female cockroach.
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same hospital (H' = 2.86 bits, £ = 0.90). Values of
evenness were higher than 0.90 in both sampled
hospitals, which indicates that species abundances at
the two hospitals were evenly distributed (Table 2).

Factors affecting bacterial abundance
Number of bacterial isolates was significantly
(P < 0.001) positively associated with external sur-
faces of female cockroaches collected in hospital A
which represented the intercept of the GLM.
However, bacterial isolates decreased significantly
within hospital B, male insects and the interaction of
Hospital B x male x AT. Isolate numbers were
positively related with Hospital B x male and
male x AT. Regarding the occurrence of isolates,
the GLM revealed a negative relationship with the
term ‘Hospital B x male x AT’, whereas the others
terms of the model were not significant (Table 3).
The GLMs revealed a very high significant effect
(P < 0.001) of ‘hospital’ and ‘insect sex’ on the
variation of numbers of bacterial isolates harboured
by cockroaches. In general, the interactions of the
factors ‘hospital’, ‘sex’, ‘organ position’ of the tested
GLMs had no effect on variations of both abundance
and occurrence of isolates; indeed all GLM terms
were not significant (P > 0.05) except the interaction
‘Hospital x sex x position’ that was significant for
both models P = 0.043 and P = 0.010, respectively
(Table 3).

Discussion
The present results showed widespread bacterial
contamination of all German cockroaches collected
from the surveyed hospitals. Indeed, cockroaches
captured in homes, hospitals, or other locals habi-
tually contain a large number of micro-organ-
isms.”*?° In hospital environments, cockroaches
could be efficient carriers of nosocomial infections
through dispersal and spread of pathogenic agents,
especially to patients in intensive care, neonatal units,
long-term care facilities, and nursing homes.'*!8-30:31

In this study, 174 bacterial isolates of 12 bacterial
species from 10 different genera were identified from
external surfaces and ATs of B. germanica captured
at two different hospitals in Tebessa region. The
cockroaches harboured some bacterial species known
as pathogenic or potentially pathogenic, including P.
aeruginosa, S. aureus, and K. pneumoniae. These
bacteria are opportunistic, known for causing several
nosocomial sicknesses, such as lung, skin and eye
infections, endocarditis, and digestive disorders.
Cockroaches have previously been shown to be
potential vectors of K. pneumoniae in the hospital
environment.’

The predominant bacteria isolated from the
captured cockroaches were Pseudomonas spp.,
Staphylococcus spp., C. Freundii, and K. pneumoniae.



In contrast, the most common species reported from
hospitals, domestic dwellings, and food establish-
ments were Gram-negative E. coli, Klebsiella spp.,
Enterobacter spp., and Citrobacter spp.*> Although
E. coli is normally present in the intestines of humans
and other warm-blooded animals and reptiles,*
however, due to its low occurrence in cockroaches,
it was completely absent in the current investigation,
which is fairly similar to findings of other studies.***

The high prevalence of bacteria harboured in the
body and AT of the cockroaches is a public health
risk, increasing the likelihood of transmission of
nosocomial infections. Several authors reported that
cockroaches collected from hospitals have more
bacterial counts than cockroaches found in residen-
tial areas due to their permanent contact with infested
sites."*!831 Hospital environments may be more
conducive to accruing bacteria from many different
contaminated sources such as water and food causing
high rates of bacterial prevalence. Multidrug-resis-
tant bacterial strains of medical importance have also
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been isolated from cockroaches in different hospitals
and urban environments.'®3¢-3’

Bacterial species richness statistically varied
between hospitals, which provide information on
their sanitation conditions and thus food dispersal
and availability for insects, which have a direct impact
on insect population density. It is known that
sanitation-improved sites carry less pathogens and
synanthropic organisms.'>*® The factor of ‘insect sex’
had a significant effect on variation of species richness,
which may also be explained by phenological and
behavioural differences in sexes of the species.*”

The present results showed that there was no
significant difference in bacterial abundance or in species
richness between the outer surface and the digestive tract
of cockroaches. Our findings were in concordance with
those reported from hospitals of western Iran.** While in
Beijing, a significant difference was indicated between the
external surfaces and the AT for the Gram-negative
bacterial species in comparison with Gram-positive
which exhibit no significant difference.?®

Table 3 Results from the GLM for the effects of hospital, insect sex, and position on the number and occurrence of
bacterial isolates in the hospital environments of Tebessa region, northeast Algeria

Variable Estimate SE z P P P
Number of bacterial isolates

Intercept 1.41 0.14 9.85 <0.001

Hospital B -1.33 0.31 —4.25 <0.001

Male -1.33 0.31 —4.25 <0.001

AT -0.31 0.22 —1.40 0.160

Hospital B x male 1.25 0.51 2.46 0.014

Hospital B x AT 0.69 0.42 1.63 0.103

Male x AT 0.83 0.41 2.02 0.043

Hospital B x male x AT —1.40 0.70 —2.01 0.045

Hospital 25.67 <0.001
Sex 21.12 <0.001
Position <0.01 0.999
Hospital x sex 2.08 0.149
Hospital x position 0.28 0.595
Sex x position 1.13 0.287
Hospital x sex x position 4.09 0.043
Deviance 8.19

D (df =7) 1.17

AIC 382.06

Occurrence of bacterial isolates

Intercept 1.10 0.67 1.65 0.099

Hospital B -1.10 0.88 —-1.25 0.213

Male —1.44 0.89 -1.62 0.106

AT -0.76 0.89 —0.86 0.390

Hospital B x male 1.77 1.21 1.46 0.143

Hospital B x AT 2.37 1.31 1.81 0.071

Male x AT 2.20 1.25 1.75 0.080

Hospital B x male x AT —4.48 1.79 —2.51 0.012

Hospital 0.18 0.673
Sex 1.59 0.208
Position 0.71 0.399
Hospital x sex 0.16 0.689
Hospital x position <0.01 0.995
Sex x position <0.01 0.965
Hospital x sex x position 6.62 0.010
Deviance 6.986

@ (df =7) 0.998

AIC 135.64

SE, standard error; AT, alimentary tract; @, dispersion (® = deviance/degree of freedom); AIC, Akaike Information Criterion; GLM,

generalized linear models.
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This may be explained by the fact that there is a
homogenization/contamination of the bacterial flora
of the external environment with the inside of the
body. Cockroaches use their mouthparts and legs for
grooming increasing the likelihood of direct contact
with contaminated surfaces. However, the occurrence
of Gram-negative species on the surface was lower
than in the tract, compared to Gram-positive species
that showed low density in both body parts. These
results are similar to those reported in the litera-
ture.”®** This could be explained by the fact that
Gram-negative enteric bacteria are better adapted to
the digestive tract where the stability of conditions
and nutrients are higher than outside.?®

Cockroaches can readily move from contaminated
zones (garbage) and create the opportunity to spread
disease-causing organisms on food and food pre-
paration surfaces.”> Many studies have highlighted a
possible and potential risk of human contamination
through bacteria carried by cockroaches in connec-
tion with human habitats.'*%%’

Conclusion

Poor hygiene is probably the most important factor
in the spread of nosocomial pathogens. Cockroaches
live in human structures and dwellings, including
hospitals, where conditions are suited to their bio-
ecological requirements (ambient temperature, humid-
ity, food, etc.). Results of this study showed high
prevalence of pathogenic organisms in the body and
AT of female cockroaches. The findings of this study
indicate that cockroaches in health and medical
centres may play an important role as mechanical
vectors of a wide range of pathogenic bacteria
including several antibiotic-resistant species. B. ger-
manica poses a serious risk factor to human health
as it significantly decreases sanitation level by spread-
ing pathogens as it moves. Therefore, further studies
are clearly necessary to be carried out in order to
investigate relevant control methods against cock-
roaches using effective health programs focusing on
hygiene measures in medical institutions.
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