


Isolation of intestinal parasites of public health importance from cockroaches in Anambra State, Nigeria.

Abstract
Cockroaches pose significant public health problem due to their ability to mechanically transmit human intestinal parasites and other disease-causing micro-organisms. Hence this study was carried out to assess the prevalence and distribution of intestinal parasites associated with cockroaches in Anambra State, Nigeria. Cockroaches were trapped live, using sterile jars baited with pieces of bread soaked in a small amount of beer for 12 consecutive months. The upper portions (inside) of the jars were coated with a thin film of petroleum jelly (Vaseline®) to prevent cockroach escape. Cockroaches collected were screened for human intestinal parasites using standard parasitological techniques. Overall, 2110 cockroaches (Periplaneta americana, 1498 {70.9%}, Blattella germanica, 277 {13.1%} and Blatta orientalis 335 {15.9%}) were caught from three different sites in the study area.Cockroach abundance and distribution varied with site of collection; the occurrence was significantly higher statistically (P< 0.05) in cockroaches collected from market 911 (43.2%) and residence 652 (30.9%) than hospital 330 (15.9%) and restaurants 217 (10.3%). Parasite species identified and their prevalence were as follows: Entamoeba histolytica 92 (25.8%), Giardia lamblia 50 (14.0%), Ascaris lumbricoides 103 (25.8%), Trichuris trichiura 18 (5.0%), hookworms 25 (7.0%), Enterobius vermicularis 32 (9.0%) and Taenia spp. 37 (10.4%). More parasites were isolated from external surface 211 (59.1%) than in the gut 146 (40.9%).Findings of this study indicate a relatively high infectivity rate in the cockroaches. Since this research detected this high rate of intestinal parasites in the cockroaches, their role in disease transmission cannot be over emphasized. Hence, there is need to raise awareness on the need for improved hygiene and sanitation in the state. 
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Introduction
Cockroaches are insects belonging to Phylum Arthropoda, Class Insecta and Order Blattoidea (Jordan and Verma, 2006). They have been in existence since antiquity (Adenusiet al., 2018), thriving in so many habitats and consuming virtually any organic matter, including fresh and processed human foods, stored products, garbage, and sewage (Onah et al., 2023; Donkor, 2020; Atiokeng-Tatang et al., 2017). They are cosmopolitan and they are found especially in the tropics and sub-tropics of the world. About 4500 described species of cockroaches have been identified globally, out of which30 species are adapted to human habitation and considered as pests in homes, grocery stores, hospitals, offices, schools, warehouses and other establishments (Otu-Bassey et al., 2019). Three widely known species of cockroaches, Periplenataamericana (American cockroach), Blatellagermanica (German cockroach) and (Oriental cockroach) have been reported as common pests to humans in their homes and structures associated with food storage (Otu-Bassey et al., 2019; Donkor, 2019;Hamu et al., 2014;).The American cockroach, Periplanetaamericana (Blattaria: Blattidae) and the German cockroach, Blattellagermanica (Blattaria: Blattellidae) are considered two of the most common and notorious cosmopolitan pest species in Nigeria (Adenusiet al., 2018)and globally (Lee et al., 2021;Akter et al., 2018; Rabito et al., 2017; Isaac et al., 2014).
The three common cockroaches are common in areas with high moisture availability and frequent stagnant waterbodies such as toilets, kitchens, sewage, drainage and septic tanks.Their presence and sight may induce psychological stress, the levels of which tend to be proportional to cockroach size and number (Adenusi et al., 2018; Adeleke et al., 2012; Kramer and Brenner, 2009). They are an important source of potent environmental aeroallergens, which provoke allergic reactions and exacerbate acute asthma, especially in children (Rabito et al., 2017), predisposed atopic individuals (Mehainaouiet al., 2021). Cockroaches contaminate foods to which they have access with their faeces and foul-smelling secretions, thereby making them offensive and unsafe for human consumption (Otu-Bassey et al., 2019). Cockroaches damage and stain clothes, books, furniture and utensils and have reduced the aesthetic value of human living environment.
Cockroaches can sometimes play a role as carriers of intestinal parasites and other pathogens. They have been implicated by several researchers in Nigeria (Otu-Bassey et al., 2019;Ejimaduet al., 2016;Hamu et al., 2014; Etim et al., 2013) and other parts of the world (Patil, 2023; Mehainaouiet al., 2021; Lee et al., 2021;Memona et al., 2017; Tatang et al., 2017) for harbouring a number of micro-organisms and gastrointestinal parasites of medical importance which they carry on their external bodies and guts.The potential exists, therefore, for mechanical transmission through physical dislodgement, regurgitation, or faecal pellet deposition onto and/or into exposed human food, which may be, ready-to-eat or improperly cooked. Although the direct involvement of cockroaches in the transmission of parasites to humans remains to be fully established, their importance in parasite transport and dissemination cannot be underestimated.
Intestinal parasites are among the most common and widespread diseases of humans globally responsible for considerable morbidity and mortality, especially in children and pregnant women and other vulnerable population (Okaforet al., 2023). They remain a serious threat to public health worldwide, particularly in communities in resource-poor developing countries in the tropics and subtropics where high prevalence are attributable to poverty, poor living conditions, lack of potable water supply, inadequate waste disposal, poor sanitation and environmental hygiene (Blessinget al., 2022; Okafor et al., 2023; Kimosop et al., 2021).Many of these parasites are transmitted by direct ingestion of infective cysts, and oocysts (protozoa) or eggs and/or larvae (helminths) in foods (especially fruits and vegetables), water, soil, pica, or on hands that were contaminated.Moreover, the infective/human-infective stages of some of these parasites (for instance Ascaris egg) can survive in the environment for considerable lengths of time. Cockroaches can potentially parasites and pathogens on their bodies after coming into contact with contaminated substances, posing a risk of transmission and dissemination (Lee et al., 2021; Adenusiet al., 2018).
Poor household hygiene and inadequate environmental sanitation provide suitable atmosphere for cockroach infestation (Patil, 2023). Anambra State, southeast Nigeria, typifies a setting where poor sanitary conditions, together with ecology and demography, provide congenial atmosphere for cockroach infestation and contact with pathogens. Additionally, the heterogeneity of Anambra State in terms of human population and physical infrastructures, and considering the medical and public health importance of cockroaches, there is yet, no comprehensive information on the occurrence of human intestinal parasites in cockroaches collected from the state.This study therefore was aimed to provide information on isolation ofintestinal parasites of public health importance from cockroaches trapped from different sites in Anambra State, southeast Nigeria.
Materials and Methods
Study Area
The study was carried out between April 2024 and May 2025 in three senatorial zones in Anambra State (geographical coordinates, 6°32’ N and longitude 3°22’ E),Climate in the area is characterized generally by daily temperatures of 24–34 °C and monthly relative humidity of 64–93% during the rainy season, usually from Apr to Oct, and 34–49% during the dry season from Nov to Mar.(Ejikeme et al., 2017). Thestate has population of at least 5,527,809inhabitants (NPC, 2020). Three urban (Nnewi, Awka and Onitsha)and two rural (Okija, Nteje and Ufuma) communitiesfrom the three senatorial districts in the statewere selected for the collection of cockroaches.
Cockroach collection and identification
Cockroaches were trapped live, using sterile jars baited with pieces of bread soaked in a small amount of beer. The jars, whose inside upper portions were coated with a thin film of petroleum jelly (Vaseline®) to prevent cockroach escape, were placed indoors at 19:00h and retrieved at 07:00h the next morning, for 12 consecutive months. Cockroaches were transported in the jars to the laboratory where they were anaesthetized and killed by exposure to chloroform fume. They were examined under a dissecting microscope and identified to the lowest taxon possible, using standard taxonomic keys (Burgess, 1993). They cockroaches were counted and sorted by capture site (housing type), and the appropriate taxon. A total of 2110 cockroaches were collected.
Isolation of parasites from cockroach external body surface (Cheesbrough, 2010)
In order to dislodge parasite stages (cysts, oocysts, eggs and/or larvae) from body surfaces, cockroaches were washed individually by submersion in 5–10ml sterile physiological saline and vortexing at low speed for 2 min. Cockroaches were removed from wash solutions using sterile forceps, fixed in 70% alcohol for 5min and air-dried at room temperature. Wash solutions were centrifuged at 2000g for 5mins, supernatants were decanted and the bottom 0.5–1ml processed further using the formol-ether concentration technique (Cheesbrough, 2010). The resulting sediment mixed with the bottom 0.5ml was placed on slide, stained with Lugol’s iodine and examined microscopically for human intestinal parasite stages.Cockroach specimens which could not be processed immediately were kept in the freezer at −4 °C.
Isolation of parasites from cockroach gut
Following washing in physiological saline, fixing in 70% alcohol and subsequent air-drying, each cockroach was placed in a sterile Petri dish and dissected under a dissecting microscope using sterile entomological needles. Whole gut was removed and homogenized in 2–5ml physiological saline. The homogenate was filtered through gauze and centrifuged at 2000g for 5min, following which the supernatant was decanted. The bottom 0.5–1ml was processed further using the formol-ether concentration technique. The resulting sediment mixed with the bottom 0.5ml was placed on slide, stained with Lugol’s iodine and examined microscopically as described above.
Parasite Identification
Cysts, oocysts, eggs and/or larvae of human intestinal parasites were identified microscopically using bench aids (WHO, 1994) and their numbers recorded. A cockroach was considered a carrier if any parasite stage was detected in preparations from body surface and/or gut contents.
Data analysis
Data were input into Microsoft Excel and analyzed using the Statistical Package for Social Science. Chi-square was used to test for differences in overall prevalence of parasites between cockroach species, in overall burdens of parasites on cockroach body surfaces and in gut. All tests were carried out at 95% significance level; in all cases, a P< 0.05 was considered statistically significant.
Results
Similarly, a total of 2110 cockroaches were also collected from the study areas. Periplanetaamericanawas the most common species in all of the study areas 1498 (70.9%), followed byBlattaorientalis335(15.9%) and Blatellagermanica277 (13.1%).The highest number of cockroaches was collected from market/shop 911 (43.2%), followed by residential areas 652 (30.9%) and the least was restaurant 217 (10.3) (Table 1).
Overall occurrence of intestinal parasites in cockroaches.
The distribution of intestinal parasites in relation to different cockroachspecies was as shown in Table 2. P. americana harboured the highest number of intestinal parasites 292(81.8%). B. orientalis harboured the second highest number of intestinal parasites 37(10.4%) and B germanica the least intestinal parasite load 28 (7.8%).
Species diversity of human intestinal parasites in cockroaches
Eleven human intestinal parasites, comprising four protozoan and seven helminth species were identified on body surfaces and/or in gut of cockroaches. The most occurring parasite was A. lumbricoides103 (28.9%) followed by E. histolytica92 (25.8%) and the least was T. trichiura18 (5.0%).The species and their respective prevalence in three species of cockroach (P. americana, B. orientalis and B. germanica) were as follows: E. histolytica92 (25.8%), G. lamblia50 (14.0%), A. lumbricoides103 (25.8%), T. trichiura18 (5.0%), hookworms 25 (7.0%), E. vermicularis32 (9.0%) andTaeniaspp. 37 (10.4%). The helminths, A. lumbricoides and the protozoans, E. histolytica and were the two most prevalent species in three species of cockroaches, across the sites.There was a statistically significant difference (P= 0.000) in overall prevalence of parasites between P. americana163 (77.3%) and the other species of cockroach (B. germanica 24 (11.4%) and B. orientalis 24(11.4%) (Table 1).
Prevalence and burden of human intestinal parasites on cockroach body surfaces and in the gut
Parasite prevalence on cockroach external body surface 211 (59.1%) was little higher than corresponding prevalence in the gut 146 (40.9%) (Tables 3 and 4). The Chi-Square test showed a statistically significant difference between prevalence in gut and on body surfaces of the cockroaches. Highest parasite burdens on cockroach body surfaces and in gut were with the protozoan, E. histolytica (50: 23.7% and 42: 28.8%) and the helminths, A. lumbricoides(67: 31.8% and 36: 24.7%).
Table 1: Abundance of cockroach species in relation to site.

	Cockroach species
	Hospital (%)
	Residence (%)
	Restaurant (%)
	Mkt/Shop (%)
	Total (%)

	Peripleanetta Americana
	256(17.1)
	396(26.4)
	125(8.3)
	721(48.1)
	1498(70.9)

	Blatellagermanica
	34(12.3)
	95(34.3)
	43(15.5)
	105(37.9)
	277(13.1)

	Blattaorientalis
	40(11.9)
	161(48.1)
	49(14.6)
	85(25.4)
	335(15.9)

	Total 
	330(15.6)
	652(30.9)
	217(10.3)
	911(43.2)
	2110(100.0)




Table 2: Overall occurrence of intestinal parasites in relation to cockroach species.
	Cockroach sp.
	Ent. sp. (%)
	G. lam. (%)
	A. lum. (%) 
	T. tri. (%)
	Hkw (%)
	Ent. ver. (%)
	Teaniasp. (%)
	Total (%)

	P. americana
	79(27.1)
	42(14.4)
	98(33.6)
	11(3.8)
	14(4.8)
	25(8.6)
	23(7.9)
	292(81.8)

	B. germanica
	5(17.9)
	4(14.3)
	3(10.7)
	2(7.1)
	7(25.0)
	4(14.3)
	3(10.7)
	28(7.8)

	B. orientalis
	8(21.6)
	4(10.8)
	2(5.4)
	5(13.5)
	4(10.8)
	3(8.1)
	11(29.7)
	37(10.4)

	Total 
	92(25.8)
	50(14.0)
	103(28.9)
	18(5.0)
	25(7.0)
	32(9.0)
	37(10.4)
	357(100.0)


Key: Ent. sp.=Entamoeba species, A. lum= Ascaris lumbricoides, T. tri= Trichuris trichiura, Ent. ver.=Enterobius vermicularis, G. lam=Giardia lamblia, Hkm=Hookworm




Table 3: Prevalence of intestinal parasites found on the external surface of the cockroaches.

	Roaches /Int. parasites
	Periplanettaamericana (%)
	Blatellagermaica (%)
	Blattaorientalis (%)
	Total (%)

	E. histolytica
	45(90.0)
	2(4.0)
	3(6.0)
	50(23.7)

	G. lamblia
	14(50.0)
	8(28.6)
	6(21.4)
	28(13.3)

	A. lumbricoides
	60(89.6)
	2(3.0)
	5(7.5)
	67(31.8)

	T. trichiura
	7(63.6)
	2(18.2)
	2(18.2)
	11(5.2)

	Hookworm 
	10(71.4)
	1(7.1)
	3(21.4)
	14(6.6)

	Enterob. ver.
	13(68.4)
	4(21.1)
	2(10.5)
	19(9.0)

	Taenia sp.
	14(63.6)
	5(22.7)
	3(13.6)
	22(10.4)

	Total 
	163(77.3)
	24(11.4)
	24(11.4)
	211(59.1)





Table 4: Occurrence of intestinal parasites found in the gut of the cockroaches.

	Roaches /Int. parasites
	Periplanettaamericana (%)
	Blatellagermanica (%)
	Blattaorientalis (%)
	Total (%)

	E. histolytica
	38(26.0)
	1(0.7)
	3(2.1)
	42(28.8)

	G. lamblia
	22(100.0)
	0(0.0)
	0(0.0)
	22(15.1)

	A. lumbricoide
	27(75.0)
	2(5.6)
	7(19.4)
	36(24.7)

	T. trichiura
	7(100.0)
	00.0()
	0(0.0)
	7(4.8)

	Hookworm 
	11(100.0)
	0(0.0)
	0(0.0)
	11(7.5)

	Enterob. ver.
	10(76.9)
	1(7.7)
	2(15.4)
	13(8.9)

	Taenia sp.
	14(93.3)
	0(0.0)
	1(6.7)
	15(10.3)

	Total 
	129(88.4)
	4(2.7)
	13(8.9)
	146(40.9)


Key: E. histolytica=Entamoeba species, A. lumbrico= Ascaris lumbricoides, T. trichiura= Trichuris trichiura, Enterobi. ver.=Enterobius vermicularis, G. lamblia=Giardia lamblia


Discussion
In the present study, the three species of cockroaches identified (P. Americana (70.9%), B. orientalis (15.9%)and B. germanica (13.1%) were the most common species in the study area. This result indicates that these three species of cockroach were the most active in the study areas and it is consistent with the findings by Zarchi and Vatani (2009) in Tehran hospitals, where they showed that 65.6% of cockroaches were American, 12.1% German, and22.3% Oriental. Similarly, Adenusi et al. (2018) caught the three species in their study in Lagos Metropolis. However, Tatang et al. (2017) collected only P. americana and Blatellagermanicain their study. The species (P. americana) was frequently found in all areas of hospital, restaurants, markets and residential houses included in the present study.This finding is supported by other studies (Davari et al., 2023; Elmonir et al., 2021; Kundera et al., 2020; Astitiet al., 2018; Afe, 2015) which stated that P. americana is the most abundant and closely associated with humans worldwide. They are the most common and predominant cosmopolitan pest in the world due to change in human travel, commerce and urban environment (Rodriguez et al., 2020; Isaac et al., 2014). The high availability of P. americana could be attributed to preference of P. americana to inhabit in tropical and subtropical weather, which may have made Anambra State suitable habitat for this cockroach species. P. americana is a coprophagous vector, contaminating large quantity of consumable by leaving behind faecal matter and parasitic cyst/eggs of helminths and protozoa. P. americana does not only contaminate food with their faecal pellets, their filthy, breeding, habits, feeding mechanisms and indiscriminate travel between filth and food can also cause food poisoning (Amadi et al., 2020; Oghaleet al., 2013).In contrary to the findings of this study, other studies reported B. germanica as the common cockroach species (Cespedes et al., 2023; Molewa et al., 2023; van Woerden et al., 2020). This might be due to difference in method of capturing cockroaches or due to environmental variation.
The highest number of cockroach was caught in Onitsha 659 (31.2%) followed by Nnewi 357(16.9%) and the least was Ufuma (11.4%). Onitsha harbors the largest market in West Africa and the most populous area in Anambra State. The high abundance of flies in Onitsha could be attributed to low level of environmental sanitation coupled with high rate of generation of wastes.The highest occurrence of cockroach 911(43.2%) was recorded in the market/shops, followed by residence 652(30.9%). And the least occurrence was from restaurant 217(10.3%). This result is in consonance with the findings ofPai et al. (2005) in some selected areas in China where fifty percent Periplaneta americanawere found in Penang restaurant, 12.50% in Hospital and 37.50% in Urban slum, Kamalapur. Additionally, the results of Davari et al. (2023) study showed that in clinical settings (environment) most cockroaches are German type andin non-clinical places, most cockroaches areAmerican type. P. americana dominated in all the study sites. The less number of cockroaches in restaurant in this study could be attributed to the fact that such areas were always closed and the food kept in ovens and showcases which discouraged access to the houseflies and cockroaches.Previous studies from other parts of Nigeria (Adenusiet al., 2018; Clement et al., 2014; Oghaleet al., 2013) had reported that cockroaches captured from homes, hostels, hospitals, and markets carry an array of human intestinal parasites. 
Parasite species reported in the present study are consistent with those documented in similar studies (Amisuet al., 2023; Blessing et al., 2022; Amadi et al., 2020). However, the disparities could be due to differences in the levels of household and environmental hygiene, transmission dynamics between study localities and in the diagnostic procedure employed. The species of human intestinal parasites recovered from cockroaches in the present study, (E. histolytica, G. lamblia, Cryptosporidium sp. A. lumbricoides, T. trichiura, hookworms, S. stercoralis, Taenia spp., and E. vermicularis) are responsible for a number of disease conditions in man, some of which could be life-threatening. The three major soil-transmitted helminths (A. lumbricoides, T. trichiura, and hookworms) account for a high burden of disease globally and are intimately related with malnutrition, growth stunting and cognitive deficits in children (Amisuet al., 2023). Strongyloidesstercoralis may cause complicated infections with high case fatality rates due to hyper-infection or dissemination, especially in immunocompromised individuals (Kantzanouet al., 2021; Gbonhinboret al., 2022).G. lamblia are nowadays, major causes of diarrhoea, especially in children (Funso-Ainaet al., 2020). Entamoeba histolytica causes amoebiasis, a potentially severe and life-threatening disease and the second most common cause of death from parasitic diseases, after malaria (WHO, 2018). Accidental ingestion of Taenia sp. (particularly, T. solium) eggs often results in human neurocysticercosis, the leading cause of preventable epilepsy worldwide and also, a leading cause of deaths from food-borne diseases (Blessing et al., 2022).
Identity in the diversity of parasites among the three species of cockroach indicates a uniform distribution of parasite species among the three cockroach species in the same environment. They also suggest that the three cockroach species have equal potential for mechanical transport and possibly, consequent dissemination of parasites in the environment.Predominance of A. lumbricoides on body surfaces and/or in the gut of cockroaches across all different sites in the present study is in consonance with findings from similar studies in other parts of the country (Elmoniret al., 2021). This could be due to its predominance in the human population and/or the persistence of its eggs in the environment for months to years (Gyang et al., 2019).Results of the present study, which show clearly that the three cockroach species (P. americanaB. orientalisand B. germanica) from different sites inAnambra State, southeast Nigeria, carry human intestinal parasites on their body surfaces and/or in the gut. This indicates that the potential role of cockroaches as mechanical vectors of disease transmission cannot be overlooked or underestimated.
Conclusion
Cockroaches (P. americana, B. germanica and B. orientalis) across different sites in Anambta State, Nigeria, transport on their body surfaces and/or in the gut, transmissive stages of human intestinal parasites and thus, may serve as reservoirs and potential mechanical vectors for disease transmission. The exceptionally high occurrence of parasites in cockroaches justifies the need for improvements in existing standards of hygiene and environmental sanitation in order to minimize cockroach contact with unhygienic sites/substrates from which parasites are acquired.
Limitations of the study
Overall, the limitation of this study is that the identification was solely based on microscopy to identify the parasites on both external surface and gut of cockroaches. By incorporating molecular analysis, the identification of the parasites is more precise and reliable. Hence, future study on genotypic characterization of parasitic contamination of cockroaches is recommended.
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