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ABSTRACT

Cockroaches are one of the potential vectors on spreading disease and health problems for humans by contaminating
foods, ingredients, or food storage. Cause of their habit and life in an unsanitary place, they can carry human pathogens
in their body and contaminated. This review aims to know the types and prevalence of human pathogens carried by
cockroaches in the food-related environment and discuss the possibility of human pathogens carried by cockroaches
that can cause foodborne diseases. This systematic review conforms to the PRISMA guidelines. The initial search was
done from four health-related electronic databases (PubMed Central, EBSCOhost, Proquest, and Scopus) for relevant
literature on pathogens that isolated from the cockroaches. There are 129 articles identified in the initial search
database. After screening and eligibility process, eight articles were identified for this review. It was found that most
of the cockroaches captured in/around food handling establishment and human habitation. Furthermore, around 23
species pathogens, predominantly bacteria, were identified from the cockroaches. This review showed that cockroaches
carry many pathogens, which can cause severe infections in humans, such as foodborne diseases through contaminated

food.
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INTRODUCTION

Foodborne diseases commonly said as foodborne
illness or food poisoning is a public health problem
globally'. CDC estimates that each year roughly 48
million people (1 in 6) get sick, 128,000 are
hospitalized, and 3,000 die due to foodborne
disease?. The causes of foodborne illnesses are
pathogens like bacteria, viruses, parasites, and
chemical substances that enter the human body
through contaminated food or water?3. One of the
potential vectors which can contaminate food is
cockroaches, cause they are common in many
human habitations, particularly in places where
food stored or handled*.

Many cockroaches are dark, dull-coloured insects
and nocturnal habits>®. They are tropical in
origin, but most species live in parts of the house
and other buildings where warmth, moisture, and
food are adequate®. Cockroaches live closely
related to humans, and unsanitary place®’°. Their
habit of feeding on both human food and feces, it
can potentially become a mechanical vector on
spreading disease agents and health problem for
a human’®'%, American cockroaches and other
cockroaches generally produce odours secretion
that can affect the flavour of food. When
populations are high, these secretions may result
in characteristic odours in the general region of
the infestation. Disease-producing organisms such
as bacteria, protozoa, and viruses have been
found in particular parts of their body®'". The
disease-producing organism was carried on the

legs and bodies of cockroaches and deposited on
food and utensils®.

Cockroaches, in pathogen mechanical
transmission role known as mechanical vectors''-
" but in some literature, they also can be
biological vectors''3, Cockroaches can transmit
microorganisms and other disease agents
indirectly by contaminating food or ingredients in
food-producing®. They are playing a role by
causing intestinal diseases or foodborne diseases,
such as diarrhea, dysentery, typhoid fever, and
cholera®. Pathogens were isolated from the
internal body of cockroaches, either the domestic
or peri-domestic environment; at least there are
32 species of bacteria®®. Including pathogens such
as Bacillus subtilis (the causative agent of
conjunctivitis), Escherichia coli, and nine types of
Salmonella (the agent causes diarrhea,
gastroenteritis, and food poisoning); Salmonella
Typhi (the agent causes typhoid fever) and four
Proteus spp. i.e., agents that can infect
wounds®°.

This systematic review aims to know the types and
prevalence of human pathogens carried by
cockroaches in the food-related environment.
This review also discussed the possibility of human
pathogens carried by cockroaches in causing
foodborne diseases.
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METHODOLOGY

Search Strategy

This systematic review conforms to the Preferred
Reporting Items for Systematic Review and Meta-
Analyzes (PRISMA) guidelines. Original articles
searched in four online databases, including
Pubmed Central (PMC), ProQuest, Scopus, and
EBSCOhost using the keywords: cockroach AND
pathogen AND food-related environment (kitchen
OR restaurant OR health care OR hotel OR
household) in various combination.

Inclusion and Exclusion

Inclusion criteria for the article were all articles
in English, published in the last ten years (2009-
2019), academic or research articles, the contents
of articles include type and species of pathogen
isolated, and the method used in isolation of the
pathogen, the number of cockroaches captured.
Furthermore, type of study design (observational
or survey or cross-sectional), location of
cockroaches based on pathogen was isolated,
location of cockroaches captured (kitchen, hotel,
restaurant/food catering, and health care) also
included in article inclusion criteria. Meanwhile,
excluded articles were those using review
articles, qualitative methods, experimental
study, articles that do not fit with inclusion
criteria above, and not open access articles.

Study Selection

The study selection carried out by three reviewers
to examine the selected article and the
determination of eligibility of the article to be
reviewed seen from the title, abstract, and full
text according to inclusion criteria.

Data Extraction

Data extracted from eligible studies included,
authors, published year, country of the research
conducted, design and method of research, area
of research (food-related environment), type of
cockroaches, location captured of the
cockroaches, identification of pathogens in
cockroaches, site of the cockroaches from where
pathogen isolated (external or internal body), and
the number of isolated human pathogens.

Data Synthesis

Data synthesis using narrative synthesis. Narrative
synthesis in this review discussed the research
area based on the food-related environment
(kitchen, cafeteria, restaurant, health or medical
center, and households), the types and the

number of cockroaches trapped on the research
area, the types and the number of human
pathogens found on the location of human
pathogens isolation and research areas, and also
combining the results with other literatures.

RESULTS

A total of 129 articles were identified in the initial
search databases. During the screening and
eligibility process, 121 articles excluded. In
detail, four articles duplicated, 112 articles
excluded based on the title and abstract
screening, 1 article not appropriate of study
design, two articles only identify specific
bacteria, and two articles do not explain the
number of bacteria isolated. Of these, a final
eight articles were identified for this review
(Figure 1).

Of the eight eligible articles, there were
conducted in various countries, including
Northeast Africa (3), Western Asia (2), Central
Africa (1), West Africa (1), and South Asia (1). All
published articles covered the years 2012-2018.
Some of the articles clearly state a cross-sectional
design study, but other articles can be seen from
the method and time of the study they used. The
population in this study is cockroaches. Mostly,
species of cockroaches were identified using
standard taxonomy keys. Method of trapping
cockroaches in 8 articles using sterile hand gloves,
sterile test tubes, sticky traps, and food baited
traps. The most common method used to isolate
the pathogens is agar-plate method (i.e., blood
agar, MacConkey agar, deoxycholate citrate agar,
etc.) (Table 1).

The research areas of these articles belong to
food-related environments such as health and
medical centers such as hospitals, food handling
establishments (restaurants, cafeterias, bakeries,
grocery stores, food storage stores, small food
processing plants, etc.), and households,
including the kitchen.

Most cockroaches caught in the food handling
establishments. Of these eight articles, four
species of cockroaches were found that are
Periplaneta americana, Blatella germanica, Blatta
orientalis, and Supella longipalpa. The most
species of cockroaches that were trapped is
Blatella germanica (n=3235) (Table 2).
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Figure 1. Flowchart of Systematic Review using PRISMA guidelines

Pathogen isolation is carried out on the internal
and external parts of the cockroaches. Most of the
articles were frequently isolated from the
external body surfaces of the cockroaches. There
are 23 species of pathogens include parasite (n=9)
and bacteria (n=14). Among the parasite
pathogens isolated, Ascaris spp is the most
frequently reported, then Trichuris spp. and
Hookworm (Table 3). Among the bacterial
pathogens isolated, enteric pathogens were the
most frequently isolated, such as E. coli,
Salmonella, Shigella 3, Edwardsiella**, etc. E.
coli is the most frequent species bacteria isolated
in this review (n=181) (Tabel 3).

DISCUSSION

In this systematic review found four species of
cockroaches in the various country. Blatella
germanica (n=3235) is the most frequently
reported. Periplaneta americana (n=821) was the
second, followed by Blatta orientalis (n=235), and
Supella longipalpa (n=39) were the least
frequent. Blatella germanica and Periplaneta
Americana were found in Central, West, and
Northeastern Africa while in Asia, founded in West
and South Asia. Blatta orientalis found in Central
and West Africa and Supella longipalpa only found
in West Asia in this systematic review.
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Table 1. Articles Characteristics

Pul;::r:ed Author Country Design Methods

2012 Kassiri, Hamid; Iran Cross- Trapping (use sterile test tubes and

Kazemi, Shahnaz'® sectional sterile hand gloves) and laboratory test
(identification the human pathogens
use standard bacteriological
procedures and cultured to isolate the
bacteria using MacConkey agar, blood
agar, and deoxycholate citrate agar)

2014 Wannigama, D. India Cross- Trapping (food-baited pitfall traps),
Leshan; Dwivedi, sectional identification of cockroaches (under an
Rishabh; Zahraei- Olympus SZX12 Dissecting Stereo
Ramazani, Alireza' Microscope), and laboratory test

(cultured to isolate the bacteria using
blood agar and MacConkey agar)

2014 Vazirianzadeh, Babak; Iran Cross- Trapping, and laboratory test (cultured
Dehghani, Rouhullah; sectional to isolate the bacterial agents on blood
Mehdinejad, Manijeh; and MacConkey agar media)
Sharififard, Mona'®

2014 Solomon, Fithamlak; Ethiopia  Cross- Trapping (use Hoy-Hoy roach sticky
Belayneh, Fanuel; sectional traps) and laboratory test (identify and
Kibru, Gebre; Ali, cultured to isolate the bacterial using
Solomon’ agar plates)

2016 Moges, Feleke; Ethiopia  Cross- Trapping (use sterile test tubes) and

Eshetie, Setegn; sectional laboratory test (bacterial culture
Endris, Mengistu; inoculation using MacConkey agar,
Huruy, Kahsay; blood agar plate, and chocolate agar
Muluye, Dagnachew; plate)
Feleke, Tigist; Silassie,
Fisha G.; Ayalew,
Getenet; Nagappan,

Raja®

2016 Oyeyemi, Oyetunde T.; Nigeria Cross- Trapping and laboratory test using
Agbaje, Mariam O.; sectional (parasite isolation)

Okelue, Uchechi B.2°

2017 Tatang, R. J. Atiokeng; Cameroon  Cross- Trapping (use sterile hand gloves) and
Tsila, H. G.; Poné, J. sectional laboratory test (parasitological
Wabo?' analyses)

2018 Solomon, Fithamlak; Ethiopia  Cross- Trapping (use Hoy-Hoy roach sticky
Kibru, Gebre; Ali, sectional traps) and laboratory test (identify and

Solomon%?

cultured to isolate the bacterial using
agar plates)

Table 2: Prevalence of cockroaches captured, including the area of cockroaches collection and

species
Area of cockroaches Cockroaches species

. Periplaneta Blatella Blatta Supella Total

collection . . . . .

americana germanica orientalis longipalpa

Health and medical center* 103 - - -

Food handling 78 3027 - - 3105
establishments**

Household*** 640 208 235 39 1122
Total 821 3235 235 39 4330

* Health and medical center such as the hospital.

**Food handling establishments (FHE), including restaurant, cafeteria, canteen, grocery store, food storage store,

and small food processing plant.
***Household, including toilet, kitchen, parlour, and bedroom.

commercial, office, and industrial places?®. These
cockroaches often in human settlements and
enter through boxes containing food, vegetables,

The presence and number of cockroaches usually
seen from the habitat of each cockroach. Blatella
germanica is the important pest of residential,
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drinks, or enter together through furniture
materials or other tools. They are generally
located in the kitchen but also found in
bathroom?. According to their habit, in this
review, Blattella germanica (n=3235) is also found
in a household (including kitchen and toilet) and
food handling establishment, especially in the
storage room, small processing plants, and
restaurants'’.

Periplaneta americana is the species that often
becomes abundant in city dumps and is most
common in the basements and steam tunnels of
restaurants, bakeries, food-processing facilities,
and grocery stores’. Their habit matches the
reviews, those cockroaches found in households,
hospitals, and food-related environments.
Another case with Blatta orientalis, they found in
humid and cold places such as under rotted leaves
or rocks, flowers, and various garden plants, in
the trash and other impurities, and water
drainage systems. Sometimes, they will move to
human residential buildings?. In this review, the
presence of Blatta orientalis influenced by
environmental conditions around the study site.
Blatta orientalis found in unsanitary places such
as no toilet facilities, and there are public waste
and refuse dumpsites nearby community
houses?%:2',

Other species, Supella longipalpa in this review,
only found in Iran, West Asia, and they located in
the kitchen of houses'®. According to their habit,
they are commonly found in homes, apartments,
hotels, and hospitals and less frequently in stores,
restaurants, and kitchens. They prefer to live in
and around heat-producing electric appliances?.

This systematic review revealed at least 23
pathogen species that have been isolated from
the cockroaches. Bacterial pathogens (n=14) were
by far the most frequently reported, followed by
parasites (n=9). Differences in the isolation rate
of these pathogens could be related to the
method they used. Most of the articles reviewed
used standard cultural methods for the isolation
of pathogens, which may have directly lead to the
outcome of bacterial pathogens.

Culture-based techniques have been considered
the gold standard of pathogen detection.
However, some organisms may not be easily
detectable by conventional culture methods used
in most laboratories due to many factors?.
Therefore, more advanced techniques including
Polymerase Chain Reaction (PCR), which can help
in rapid detection, detect bacteria that cannot be
grown or are slow-growing in culture methods,
and PCR based testing would be more sensitive
than culture method?®:3°,

Most of the pathogens were isolated in the
external body of cockroaches. Only five articles
carried out bacterial isolation on the external and
internal bodies of cockroaches. In the literature,
the occurrence of Gram-negative species
(Salmonella spp., E. coli, etc.) on the surface was
lower than in the tract, compared to Gram-
positive (S. aureus, B. cereus, etc.) species that
showed low density in both body parts.?
However, in this article, the differences number
of pathogens in the external and internal body not
significant. Only a few Gram-negative species
show a higher number in the internal body. For
example, a study in Ethiopia show that the
number of infestation Salmonella spp. in the
internal body (n=16) was higher than the external
body (n=6). But, other Gram-negative species do
not show the differences?2.

The highest number of parasite species is Ascaris
spp. (n=419). The second one is the Trichuris spp.
(n=139), followed by hookworm (n=124),
Capillaria spp. (n=77), and the fewest is
Entamoeba histolytica (n=1) (Table 3). All of the
parasite species were found in households,
including the kitchen, toilet, parlour, bedroom,
and bathroom?®2!', The presence of those
parasites in cockroaches found in households can
potentially contaminating food and food utensils.
Then it can be causing foodborne diseases, such
as amoebiasis and ascariasis. Amoebiasis caused
by Entamoeba histolytica then Ascariasis by
Ascaris spp. was the leading parasitic cause of
illness due to contaminated food2. They can
cause illness when ingested of infective eggs from
soil contaminated with feces or of contaminated
vegetables and water, inadequate waste disposal,
and poor hygiene in food handling3%3,

The highest number of bacteria species is E.coli
(n=181). Next, the second one Klebsiella
pneumonia (n=143) and other Klebsiella spp.
(n=135), followed by CNS (Coagulase Negative
Staphylococcus) (n=89), Enterobacter spp.
(n=152), and the fewest is Salmonella C1 (n=1)
(Table 3). All of the bacteria species were found
in households (including kitchen, toilet, parlour,
bedroom, and bathroom), health and medical
center, and food handling establishment?2!, The
presence of those bacteria in cockroaches found
in that place can occur foodborne disease, for
example, lower gastrointestinal tract symptoms
(abdominal cramps, diarrhea)®?. Because of
cockroach habits such as living in unclean places
and eating human food and feces”8, E. coli
contamination can occur due to food
contaminated with feces carried by
cockroaches®?.
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Tabel 3. Human pathogens genera and species that isolated from cockroaches, including the area of cockroaches and the location of isolation

Location and

Human pathogens number of Total of
isolation pathogens Area of cockroaches collection Add inform. Ref.
Types of Types of Species External Internal isolated
genera
Bacteria genera and species
Salmonella Salmonella para A 2 3 5 Household (kitchen) Internal body (alimentary '@
duct)
Salmonella B 3 6 9 FHE (restaurant and cafeteria) Internal body (gut) 7
Salmonella D 2 3 5 FHE (restaurant and cafeteria) Internal body (gut) 7
Salmonella C1 0 1 1 FHE (restaurant and cafeteria) Internal body (gut) 7
Salmonella E 0 3 3 FHE (restaurant and cafeteria) Internal body (gut) 7
Salmonella NG 1 3 4 FHE (restaurant and cafeteria) Internal body (gut) 7
Salmonella spp. 27 19 46 Household (kitchen, living room, Internal body (gut)'#2 17,19,22
toilet, and bedroom); FHE (canteen,
bakeries, grocery store, food
storage store, small food processing
plant, restaurant'’, and cafeteria??);
Health and medical center
(hospital)'®
Escherichia E. coli 123 58 181 Health and medical center Internal body (gut”-1%%2, 7,16-19,22
(hospital)'®'?; Household (kitchen, alimentary duct'®)
bathroom, and toilet)'"%; FHE
(restaurant, cafeteria, etc.)”-??
Bacillus B. cereus 24 27 51 Household (kitchen)'®; FHE Internal body (gut’, 7,18
(restaurant and cafeteria)’ alimentary duct'®)
B. subtilis 4 12 16 Household (kitchen)'®; FHE Internal body (gut’, 7,18
(restaurant and cafeteria)’ alimentary duct'®)
Bacillus spp. 25 41 66 Health and medical center'®; FHE Internal body (gut)’ 7,16
(restaurant and cafeteria)’
Shigella S.flexneri 4 2 6 FHE (restaurant and cafeteria)’-?? Internal body (gut)’-?? 7.2
Shigella spp. 8 5 13 Healthand medical center (hospital); Internal body (gut) 19
Household (kitchen, bathroom,
toilet)
Enterobacter  E. aerogenes 23 3 26 Household (kitchen'®, living room, Internal body (alimentary 718
toilet, and bedroom)'’; FHE"? duct)'®
E. cloacae 26 3 29 Household (kitchen'®, living room, Internal body (alimentary 718

toilet, and bedroom)'’; FHE"

duct)'®
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Location and

Human pathogens number of Total of
isolation pathogens Area of cockroaches collection Add inform. Ref.
Types of Types of Species External Internal isolated
genera
E. agglomerans 9 9 18 Household (kitchen) Internal body (alimentary '@
duct)
Enterobacter spp. 50 30 80 FHE (restaurant, cafeteria’, ; Internal body (gut)”-" 7,16,19
Hospital'®"?; Household (kitchen,
bathroom, and toilet)"

Klebsiella K. pneumoniae 96 47 143 FHE (restaurant and cafeteria’, Internal body (gut)”'%; 71719
canteen, bakeries, grocery store, Internal body (alimentary
food storage store, small food duct)'®
processing plant)'’; Household
(kitchen'®, living room, toilet, and
bedroom)'’; Health and medical
center (hospital)

K. oxytoca 1 2 3 Household (kitchen)'® 18
Klebsiella spp. 90 45 135 FHE (restaurant and cafeteria)’; Internal body (gut)”>" 7,16,19
Health and medical center?¢;
Household
(kitchen, bathroom, and toilet)"

Staphylococcus  S. aureus 22 14 36 Health and medical center Internal body (gut)”>'22; 7,18,19,22
(hospital)'?; Household (kitchen'8, Internal body (alimentary
bathroom, and toilet)'?; FHE duct)'®
(restaurant and cafeteria)?

CNS (Coagulase 41 48 89 Health and medical center Internal body (gut”*, 7,18,19
Negative (hospital)'®; Household alimentary duct'®)
Staphylococci) (kitchen'®, bathroom, and toilet)'?;
FHE (restaurant and cafeteria)’
Staphylococcus spp. 18 - 18 Health and medical center 16

Serratia S. marcescens 13 10 23 FHE (restaurant and cafeteria)’; Internal body (gut’, 7,18

Household (kitchen'®, alimentary duct'®)
Serratia spp. 13 2 15 Health and medical center® Internal body (gut)" 16,19
(hospital'®); Household (kitchen,
bathroom, and toilet)"
Pseudomonas  P. aeruginosa 32 32 Household (kitchen, living room, i

toilet, and bedroom)'’; Food
handling establishment (canteen,
bakeries, grocery store, food
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Location and

Human pathogens number of Total of
isolation pathogens Area of cockroaches collection Add inform. Ref.
Types of Types of Species External Internal isolated
genera
storage store, small food processing
plant'’, restaurant and cafeteria)’
Pseudomonas spp. 27 - 27 Health and medical center'® 16
Proteus P. mirabilis 35 21 56 FHE (restaurant and cafeteria’, Internal body (gut’, 717,18
canteen, bakeries, grocery store, alimentary duct'®)
food storage store, small food
processing plant)'’; Household
(kitchen'®, living room, toilet, and
bedroom)"’
P. vulgaris 9 16 25 FHE (restaurant and cafeteria)’; Internal body (gut’, 7,18
Household (kitchen'® alimentary duct'®)
Proteus spp. 3 1 4 Health and medical center'®; Internal body (gut)?® 16,20
Household (kitchen, bathroom, and
toilet)®
Citrobacter C. freundii 36 24 60 Household (kitchen'®, living room, Internal body (alimentary 71718
toilet, and bedroom)'’; Food duct'®, gut’)
handling establishment (canteen,
bakeries, grocery store, food
storage store, small food processing
plant', restaurant and cafeteria’)
C. diversus 7 8 15 FHE (Restaurant and cafeteria) Internal body (gut) 7
Citrobacter spp. 15 12 27 Health and medical center Internal body (gut) 19
(hospital)'?; Household (kitchen,
bathroom, and toilet)'
Providencia Providencia spp. 8 8 16 Health and medical center Internal body (gut) 19
(hospital); Household (kitchen,
bathroom, and toilet)
Streptococcus  Streptococcus spp. 11 - 11 Health and medical center 16
Edwardsiella Edwardsiella spp. 10 5 15 FHE (Restaurant and cafeteria) Internal body (gut) 7
Parasite genera and species
Ascaris A. lumbricoides 68 - 68 Household (toilet, kitchen, parlour, 20

and bedroom)




Malaysian Journal of Public Health Medicine 2020, Vol. 20 (2): 159-170

Location and

Human pathogens number of Total of
isolation pathogens Area of cockroaches collection Add inform. Ref.
Types of Types of Species External Internal isolated
genera
Ascaris spp. 240 179 419 Household (toilet, kitchen, houses) Internal body (abdomen, o
gut, other internal organs,
and gastrointestinal tract)
Trichuris T. truchiuria 27 - 27 Household (toilet, kitchen, parlour, 20
and bedroom)
Trichuris spp. 81 58 139 Household (toilet, kitchen, houses) Internal body (abdomen, o
gut, other internal organs,
and gastrointestinal tract)
Capillaria Capillaria spp. 46 31 77 Household (toilet, kitchen, houses) Internal body (abdomen, o
gut, other internal organs,
and gastrointestinal tract)
Toxocara Toxocara spp. 38 28 66 Household (toilet, kitchen, houses) Internal body (abdomen, o
gut, other internal organs,
and gastrointestinal tract)
Hookworm Ancylostoma 112 12 124 Household (toilet, kitchen, parlour, Internal body (abdomen, 20,21
duodenale/Necator and bedroom) gut, other internal organs,
americanus and gastrointestinal tract)
Eimeria Eimeria spp. 23 17 40 Household (toilet, kitchen, houses) Internal body (abdomen, o
gut, other internal organs,
and gastrointestinal tract)
Enterobius E. vermicularis 20 - 20 Household (toilet, kitchen, parlour, 20
and bedroom)
Entamoeba E. histolytica 1 - 1 Household (toilet, kitchen, parlour, 20
and bedroom)
Taenia Taenia spp. 53 - 53 Household (toilet, kitchen, parlour, 20

and bedroom)
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CONCLUSION

This review showed that E. coli and Ascaris spp.
were the bacteria and parasite species mostly
found in cockroaches, respectively. Cockroaches
are the vectors of foodborne diseases by
contaminating the human food or utensils
according to their habit. However, more studies
on identifying new pathogens in cockroaches and
the risk of causing foodborne disease are required
for further study.
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