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Abstract

Background: Cockroaches are ubiquitous in residential environments and can act as vectors for pathogens relevant to
public health. This investigation aimed to determine the diversity, prevalence, and intensity of parasites carried by the
American cockroach, Periplaneta americana, in Shendi City, Sudan.

Methods: A total of 117 P. americana specimens were collected during the summer of 2021 from residential kitchens,
bathrooms and sewers using jar traps baited with bread. Following euthanasia by freezing each cockroach was examined
for external and internal parasite stages (cysts and ova) via standard parasitological techniques.

Results: The overall parasite prevalence was 31.6%, with a mean intensity of 6.7 parasites per infected insect. Eight
species were detected: three protozoans (Entamoeba histolytica/dispar, Entamoeba coli, Giardia lamblia) and five
helminths (Ascaris lumbricoides, Trichuris trichiura, Ancylostoma sp., Taenia sp., Enterobius vermicularis). Entamoeba
coli was the most prevalent (10.3%), followed by E. histolytica/dispar (7.7%), T. trichiura and Ancylostoma sp. (0.9%
each). Taenia sp. showed the highest infection intensity (8.6) compared to the lowest (4.0), E. vermicularis and T.
trichiura. Statistically, the parasite prevalence and intensity were significantly greater on the cockroaches' body surfaces
compared to their digestive tracts (P< 0.001). Adult cockroaches also demonstrated significantly higher infection rates
and intensities than nymphs.

Conclusion: The findings confirm that the cockroach, P. americana, can serve as a mechanical vector for protozoan
and helminth parasites. Implementing preventive strategies, including improved sanitation and comprehensive pest
management, is crucial to reducing the associated public health threat.
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Introduction

Parasitic diseases represent a significant glob- with human habitats. Of the over 4,400 known

al health burden, with a high prevalence in trop-
ical and subtropical regions. Transmission oc-
curs through multiple pathways, most common-
ly the ingestion of contaminated food or water
containing infective eggs, cysts, or larvae (1).
Additionally, arthropod vectors such as in-
sects play a critical role in transmitting para-
sitic pathogens to both humans and animals
1,2).

Cockroaches (Insecta: Blattodea) are synan-
thropic insects that have long been associated

species, only a few, including the American
cockroach (Periplaneta americana), the Ger-
man cockroach (Blattella germanica) and the
Oriental cockroach (Blatta orientalis), are sig-
nificant pests of public health concern (3). These
species thrive in temperate climates and are
commonly found in environments with high
moisture availability, such as kitchens, sewers
and drainage systems (4, 5). Their nocturnal
activity, coupled with a highly generalist diet
that includes decaying organic matter, garbage
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and human foodstuffs, brings them into fre-
quent contact with pathogens (3). Consequent-
ly, their feeding and breeding habits on un-
sanitary substrates establish them as mechani-
cal vectors or reservoirs for a diverse range of
infectious agents that usually infect the diges-
tive canals of humans and animals (4, 6).

Among the pathogens carried or disseminat-
ed by cockroaches are protozoan parasite cysts
or oocysts, such as those of Amoeba spp., Gi-
ardia spp., Toxoplasma spp. and Sarcocystis
spp. (7, 8); various helminth ova or larvae,
including Ascaris spp., Trichuris spp., hook-
worms, Taenia spp. and Echinococcus spp. (9,
10); bacteria like Enterobacter spp., Shigella
spp., Enterococcus sp., Pseudomonas spp.,
Klebsiella spp., Haemophilus spp. and Esche-
richia coli (4, 11, 12); viruses such as Rota-
virus and Enterovirus (11, 13); fungi such as
Candida spp., Penicillium spp., Aspergillus spp.,
Rhizopus spp. and Acremonium spp. (14, 15).
Furthermore, it has been documented that ex-
posure to cockroach antigens may contribute
to asthma-related health issues (16). Moreo-
ver, to reduce health risks and enhance urban
quality of life, a comprehensive approach to
cockroach control is essential, integrating pub-
lic education, stringent sanitation and strategic
urban planning (17).

The presence of cockroaches in areas with
poor sanitation, including both urban and ru-
ral settings as well as food-handling establish-
ments, significantly amplifies the risk of path-
ogen transmission to humans and animals (18,
19). This poses a direct threat to public health
through the contamination of food and water.
Therefore, epidemiological data on the preva-
lence and parasitic load of cockroaches are essen-
tial for informing public health interventions.

Currently, there is a lack of published data
on the parasites carried by cockroaches in Su-
dan. This study was conducted to address this
knowledge gap by investigating the diversity,
prevalence and intensity of parasites carried
by the American cockroach, P. americana, in
Shendi City, Sudan.
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Materials and Methods

Samples collection

A total of 117 samples of P. americana
cockroaches were collected alive from kitch-
ens, bathrooms and sewers across 45 ran-
domly selected residential sites in Shendi City
(16°41°N, 33°26’E, Fig. 1) during the sum-
mer of 2021, using jars baited with a piece of
bread, the inner top of which was coated with
a thin film of petroleum jelly to keep the in-
sects from escaping (20). Traps were set at
night (19:00 hr) and collected the following
morning (7:00 hr). The collected insects were
individually placed in sterile plastic contain-
ers and brought to the Zoology Laboratory at
Shendi University for parasitological exami-
nation. The insects were individually killed by
freezing at 0 °C for 10 minutes and identified
using a morphological key (21).

Cuticle (body surface) examination

The cockroaches were individually placed
in sterile test tubes containing 5 mL of 0.9%
normal saline solution and shaken for 5 min
to detach any parasite stages from the body
surface (cuticle) (22). The insects were then
removed, washed with 70% alcohol, and indi-
vidually placed in separate Petri dishes for sub-
sequent use. The saline wash solutions were
centrifuged at 2,000 rpm for 5 min using a Medi-
fuge centrifuge (Heraeus Sepatech GmbH, Ger-
many) and both the sediment and supernatant
droplets were placed on two slides to obtain
three smears each. The preparations were stained
with 1% Lugol's iodine solution, covered and
examined under a light microscope to detect
the parasite stages such as ova, cysts, oocysts
and/or larvae (23).

Digestive tract examination

The dried insects that were washed with
alcohol were dissected and their entire guts
were removed, opened and placed in separate
Petri dishes containing normal saline solution.
Subsequently, the contents were examined un-
der a dissecting microscope. Six smears were
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prepared from the material, stained with 1%
Lugol’s iodine and examined under a light mi-
croscope. Parasite stages were identified at the
genus or species level using available litera-
ture and systematic keys (23, 24).

Data analysis

The prevalence and mean intensity of in-
fection were calculated as prevalence (P= n/Zx
100) and mean intensity (MI= N/n), respec-
tively, where n= number of insects parasitized,
N= total number of parasites and Z= total num-
ber of insects examined (25).

A chi-square test was used to determine
the level of significance of the observed varia-
tions in prevalence rates, and paired-sample t-
tests were used to detect any significant dif-
ferences in the mean infection intensity. SPSS
29.0 (Armonk, NY, IBM Corp. USA) for Win-
dows was used for data analysis and values
were considered significant at P< 0.05.

Results

Out of the 117 cockroaches (P. americana,
77 adults and 40 nymphs) collected, 31.6%
(37/117) were found infected with protozoan
and helminth parasite species, with an overall
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mean intensity of 6.7 parasites per infected
cockroach (Table 1). Cysts and ova from eight
distinct parasite species were identified, com-
prising three protozoans (Entamoeba histolyt-
ica/dispar, E. coli, Giardia lamblia) and five
helminths (Ascaris lumbricoides, Trichuris
trichiura, Ancylostoma sp., Taenia sp., En-
terobius vermicularis) (Fig. 2).

Among the identified parasites, E. coli was
the most prevalent (10.3%), followed by E.
histolytica/dispar (7.7%). In contrast, T. trichiura
and Ancylostoma sp. were the least prevalent
(0.9% each). Taenia sp. exhibited the highest
mean infection intensity (8.6), while E. ver-
micularis and T. trichiura had the lowest (4.0
each).

Of the cockroaches examined, 23.1% (27/
117) had a single parasite species and 8.5%
(10/117) had mixed infections. A significantly
greater parasite prevalence and intensity was
found on the cuticle compared to the digestive
tract (P< 0.001). Infection status also varied
significantly with life stage; adults harbored a
higher prevalence (P< 0.001) and mean inten-
sity (P= 0.02) of parasites than nymphs. Sta-
tistical tests were only applied where sample
sizes were sufficient (Tables 2 and 3).
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Fig. 1. Map showing the geographical location of the study area, Shendi City, Sudan, 2021
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Table 1. Parasitic infection parameters and infection sites in the cockroach Periplaneta americana (n= 117), collected

in Shendi City, Sudan, during the summer of 2021

Parasite species

Prevalence %

Mean intensity (range)

Infection site

Protozoans (cyst)

Entamoeba histolytica/dispar

Entamoeba coli

Giardia lamblia
Helminths (ova)
Ascaris lumbricoides
Ancylostoma sp.
Enterobius vermicularis
Trichuris trichiura
Taenia sp.

Overall

7.7
10.3
4.3

1.7
0.9
1.7
0.9
4.3
31.6

5.6 (3-10)
7.8 (3-14)
6.0 (3-13)

6.0 (5-7)
7.0 (7.0)
4.0 (3-5)
4.0 (4.0)
8.6 (7-11)
6.7 (2-14)

Cuticle + digestive tract
Cuticle + digestive tract
Cuticle + digestive tract
Cuticle + digestive tract
Cuticle + digestive tract

Cuticle

Cuticle

Cuticle
Cuticle + digestive tract

Table 2. Prevalence of parasite infection and comparative analysis, according to infection site and life stage of the
cockroach Periplaneta americana (n= 117), collected in Shendi City, Sudan, during the summer of 2021

Parasite species

Prevalence %

Cuticle Digestive x 2 P Adult Nymph  y?2 P

(n=117) tract (n=117) value (n=77) (n=40) value
Protozoans (cyst)
Entamoeba histolytica/dispar 5.1 2.6 56.96  0.001 7.8 75 18.37  0.002
Entamoeba coli 94 4.3 82.07 0.001 9.1 125 26.93 0.001
Giardia lamblia 34 1.7 28.49 0.034 5.2 2.5 9.23  0.002
Helminths (ova)
Ascaris lumbricoides 1.7 0.9 57.99 0.017 2.3 00 ND ND
Ancylostoma sp. 0.9 00 ND ND 1.3 00 ND ND
Enterobius vermicularis 1.7 00 ND ND 2.3 00 ND ND
Trichuris trichiura 0.9 00 ND ND 1.3 00 ND ND
Taenia sp. 4.3 1.7 77.32 0.001 2.3 7.5 25.96 0.004
Overall 27.4 11.1 38.84 0.001 32.5 30.0 10.28 0.001

ND= no data

Table 3. Mean intensity of parasite infection and comparative analysis, according to infection site and life stage of the
cockroach Periplaneta americana (n= 117), collected in Shendi City, Sudan, during the summer of 2021

Parasite species

Mean intensity

Cuticle Digestive t P Adult  Nymph t P

(n=117) tract (n=117) value (n=77) (n=40) value
Protozoans (cyst)
Entamoeba histolytica/dispar 6.7 3.3 220 0.15 5.8 5.0 -1.73  0.22
Entamoeba coli 55 3.4 7.30 0.002 9.3 5.8 147 021
Giardia lamblia 5.0 4.0 ND ND 7.0 2.0 ND ND
Helminths (ova)
Ascaris lumbricoides 5.0 2.0 ND ND 6.0 00 ND ND
Ancylostoma sp. 7.0 00 ND ND 7.0 00 ND ND
Enterobius vermicularis 4.0 00 ND ND 4.0 00 ND ND
Trichuris trichiura 4.0 00 ND ND 4.0 00 ND ND
Taenia sp. 7.0 4.0 233 025 9.5 8.0 0.33 0.79
Overall 5.8 3.5 494 0.001 7.1 5.8 252  0.02

ND= no data
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Fig. 2. Light micrographs of parasite stages recovered from Periplaneta americana collected in Shendi City, Sudan,
2021. A— Entamoeba coli cyst (2000x); B — Entamoeba histolytica/dispar cyst (2000x); C— Giardia lamblia cysts
(2000x%); D— Ancylostoma sp. ova (800x); E— Taenia sp. ova (800x); F—T. trichiura ovum (800x); G— Ascaria
lumbricoides ovum (800x); H— Enterobius vermicularis ova (800x%)

Discussion

The synanthropic nature of cockroaches,
coupled with their propensity for unsanitary
environments, solidifies their role as mechan-
ical vectors for human pathogens, representing
a persistent public health challenge (8, 11).
This study confirms that P. americana in res-
idential areas of Shendi City carries stages of
eight medically important protozoan and hel-
minth parasites. The overall prevalence of 31.6%
and a mean intensity of 6.7 parasites per in-
fected cockroach, however, are markedly low-
er than the rates reported in several other re-
gions, such as Egypt, 98% (26), Irag, 96.4%
(27), China, 96.9% (8) and Nigeria, 95.7% (28).
This pronounced discrepancy may be attribut-
able to local environmental conditions, such
as the high temperatures and low humidity of
the Shendi region, which could impair parasite
survival outside a host. Alternatively, it may
reflect comparatively better community sani-
tation standards, limiting the cockroaches' ex-
posure to contaminated materials.

Among the identified parasites, the proto-
zoan E. coli was the most prevalent (10.3%),
followed by E. histolytica/dispar (7.7%), while
helminths such as T. trichiura and Ancylosto-
ma sp. were the least prevalent (0.9% each). The

prevalence rates for both protozoan and hel-
minth species in this study were consistently
lower than those reported elsewhere. For in-
stance, E. coliwas found at 21.05% in Iraq
(27) and E. histolytica at 19.3% in Nigeria (29).
Similarly, helminth infections were substan-
tially lower compared to high prevalence rates
of Ancylostoma sp. (60.5%) in Iraq (27), E.
vermicularis (43.1%), Ancylostoma spp. (34.8%)
and A. lumbricoides (3.1%) reported in Nige-
ria (28, 30). While E. coli is generally a com-
mensal and non-pathogenic (31), its presence
serves as a robust indicator of fecal contami-
nation. In contrast, the other detected protozoa,
E. histolytica and G. lamblia, are significant
global causes of intestinal disorders and diar-
rheal diseases, particularly in children (32). The
dominance of these pathogens in cockroach
populations likely mirrors their high prevalence
in the local human community, facilitated by
fecal-oral transmission and the environmental
resilience of their cysts or ova (33).

A notable finding was the high infection
intensity of Taenia sp. (8.6 ova per infected
cockroach), which surpassed that of other hel-
minths like E. vermicularis and T. trichiura (4
ova per infected cockroach). This suggests that
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while the likelihood of a cockroach encoun-
tering Taenia ova may be lower (reflected in
its low prevalence), when exposure does oc-
cur, it involves a high density of infectious
material. This is consistent with the biology of
adult Taenia worms, which produce vast num-
bers of highly resistant ova capable of pro-
longed environmental survival.

The community structure of parasites in
the studied cockroaches was characterized by
a higher prevalence of mono-parasitic infec-
tions compared to polyparasitism. This pattern
may serve as a valuable ecological indicator;
high frequencies of mixed infections typically
signal heavy environmental contamination with
diverse pathogens. Consequently, the low lev-
el of polyparasitism observed here suggests a
relatively favorable state of environmental hy-
giene in the study area, with less concentrated
sources of contamination.

Our analysis also revealed that the cock-
roach cuticle was significantly more infested
with parasites, in both prevalence and intensi-
ty, than the digestive tract. This finding aligns
with some previous studies (34, 35) but con-
trasts with others that reported higher gastro-
intestinal loads (27, 28). These conflicting ob-
servations are likely context-dependent, influ-
enced by factors such as the specific roaming
habitats of the vectors, the size and adhesive-
ness of the parasite stages, local sanitation con-
ditions and even the diagnostic methodologies
employed.

Finally, a strong demographic pattern
emerged, with adult cockroaches harboring
significantly higher rates and intensities of
infection than nymphs. This is logically ex-
plained by the cumulative nature of exposure;
adults have had a longer lifespan for interac-
tion with contaminated environments (36). Fur-
thermore, their larger body surface area pro-
vides more space for the mechanical attach-
ment and accumulation of parasites. The high
infection loads in adults thus directly reflect
their frequent and prolonged contact with con-
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taminated materials, primarily human and ani-
mal feces.

As the first assessment of medically sig-
nificant parasites in P. americana cockroach-
es in Sudan's Shendi area, this study offers
crucial baseline data. Its focus on host age and
infection site provides a solid starting point;
however, future research should also consider
host sex and conduct a more detailed assess-
ment of seasonal variation. The results under-
score the need for ongoing surveillance and
targeted investigations into parasite dynamics
and control

Conclusion

This investigation identifies P. americana
in Shendi as a potential mechanical vector for
enteric pathogens, including protozoan and
helminth species. The relatively lower preva-
lence and limited polyparasitism, when viewed
in a global context, suggest that local environ-
mental conditions may modulate, but do not
eliminate, the disease risk. These results un-
derscore the critical need for integrated public
health strategies, including sustained commu-
nity sanitation programs, improved personal
hygiene practices, and effective pest control
measures, to mitigate the health threat posed
by this ubiquitous insect.
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