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ABSTRACT  

The pork tapeworm Taenia solium causes neuro-cysticercosis, a parasitic zoonosis that is 

becoming increasingly important globally as a re-emerging disease and is typically associated 

with poor marginalized people in low-income countries. Various gastrointestinal parasites of pigs 

also present threats to human health and pig production in these countries. The study aimed to: 

(i) Survey existing knowledge on T. solium cysticercosis in West Africa;                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

(ii) Determine the gastrointestinal parasites present in north central Nigeria among pigs and pig 

farmers, and improve understanding of risk factors for infection; (iii) Study the epidemiology of 

T. solium cysticercosis in pigs and humans commercial antibody-detecting enzyme-linked 

immune-assays (ELISAs) using crude antigen and electro-transfer blot and elucidate significant 

risk factors and practices associated with infection. A cross sectional survey was conducted in 

three pig producing states in north central Nigeria, from March 2012 to November 2013. A total 

of 767 and 510 faecal samples were collected from pigs, respectively before and one year after 

anthelmintic treatment. Blood samples from 556 pigs and 1266 humans were serologically 

screened for evidence of T. solium infection. Questionnaires on pig management, human 

behaviour and socio-demographic factors were completed to provide information on risk factors 

for infection. Coprological examination of the 767 pigs before and 510 after interventions 

indicated that 78 % and 49 %, respectively, excreted parasite eggs, and 9 parasite taxa were 

observed. Significant predictors of gastrointestinal parasite infection in pigs were management 

practices and type of feed given to pigs. Most farmers practiced a semi intensive system of 

management, under which the pigs find most of their food through scavenging and in the process 

become exposed to parasite eggs they pick up while grazing on the fields. The majority of the 

feed offered to pigs was kitchen waste and concentrates containing lots of fibre, favouring the 

development of Oesophagostomum spp. Of the 754 and 512 human faecal samples examined 

before and after the intervention, 8 different types of parasite ova, with a prevalence of 27 % and 

15 % was obtained, respectively. Out of the 556 serum samples screened by crude antigen, 51 

(9.2 %) of pigs were seropositive to porcine cysticercosis. There was a significant relationship 

between porcine cysticercosis and the month pigs were sampled (April and October) and the age 

group (5-8 months). Serum from 47 of the ELISA-positive pigs was tested by electro-transfer 

blot (EITB), of which 4 (8.5%) showed the presence of a band of 6 kDa, indicating active 

cysticercosis. Out of the 1266 human serum samples screened for T. solium antibodies using 

crude antigen, none were seropositive; and none of 24 samples screened by EITB, therefore no 

cases of active cysticercosis were identified. Results of this study indicate that conditions for 

transmission of gastrointestinal helminths and porcine cysticercosis are present in the study area 

and larger, more detailed studies should be carried out in order to underpin holistic control 

strategies to reduce economic loss to the farmers and the risk of zoonotic disease.  
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1.1 Introduction 

Taenia solium is a tapeworm of humans whose larval stage is normally found in pig muscle, but 

can also invade the human central nervous system to cause neurocysticercosis (Lightowler et al., 

2015), and is thus a significant cause of acquired preventable epilepsy (Winkler, 2013; Garcia et 

al., 2014b; Porphyre et al., 2015; WHO 2016a; Johansen et al., 2016). Ndimubanzi et al. (2010) 

reported that neurocysticercosis causes 29% of epilepsy in endemic countries, and epilepsy in 

less developed countries is responsible for mortality rates 3–6 times higher than in developed 

nations (WHO, 2015a) due to inadequate infrastructure and poor access to hospitals. This 

zoonotic tapeworm therefore constitutes a serious, but preventable, public health problem, as 

well as impacting on agriculture (Ngowi et al., 2013; Braae et al., 2016a; Gabriel, et al., 2016; 

Johansen et al., 2016), and is considered a neglected zoonotic parasite (WHO, 2016a; Johansen 

et al., 2016). The disease is an emergent and persistent problem in most under-developed areas 

of Sub-Saharan Africa, Asia and Latin America (Ngowi et al., 2013; Fleury et al., 2015; WHO, 

2015a) except for in areas mainly populated by Muslims, who do not eat pig meat (Fleury et al., 

2015). 

Although T. solium has been considered an eradicable disease since 1993 by the International 

Task Force on Disease Eradication (ITFDE), to date none of the endemic countries has been able 

to eradicate this disease (Braee et al., 2016a). Despite the advances made in the development of 

appropriate tools for diagnosis, treatment and prevention, neurocysticercosis still persists at 

disturbingly high levels in endemic areas of Africa (Fleury et al., 2013). Control of the disease in 

such regions is hampered by poverty, inadequate infrastructure, financial resource constraints, 

and unsanitary conditions (Ngowi et al., 2013; Flisser, 2013; Lightowlers et al., 2015). 

Furthermore, in Africa, ignorance surrounding the presence, magnitude and impacts of the 
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parasite by stakeholders and political authorities have led to the disease being often unrecognized 

and under reported (Assana et al., 2013; WHO 2016a). Generally, pig production in this region is 

characterized by lack of interest from policy makers and funding agencies, and other diseases 

appear to have more negative impacts on livestock in Africa (Assana et al., 2013, Ngowi et al., 

2013). This is further complicated by scarcity of information on the disease due to lack of overt 

disease manifestation in many cases in both humans and pigs (Fleury et al., 2015; Ron-Garrido 

et al., 2015), a factor common in the underestimation of many parasitic diseases (Payne et al., 

2009). 

In recent years, the number of studies on T. solium in Africa has increased (Gabriël et al., 2016), 

helping to further elucidate the epidemiology of the parasite in sub Saharan Africa (Assana et al., 

2013). The purpose of this review is to summarise this new information in the context of existing 

knowledge on the parasite, and to apply it to identify gaps and opportunities in research and 

control of this potentially devastating parasitic disease. 

 

1.2 Life cycle and disease 

Taenia solium has a two-stage life cycle. The adult tapeworm lives in the human small intestine 

and the intermediate larval stage in pigs, and sometimes in humans where it encysts in the central 

nervous system (Del Brutto, 2014; Coral-Almeida et al., 2014; Carabin et al., 2017). 

Taeniasis, infection with the adult tapeworm, occurs in humans after eating viable cysticerci 

(“pork measles”) in raw or under-cooked pork (Coral-Almeida et al., 2015; Fleury et al., 2015; 

Lightowler et al., 2015; Braae et al., 2016b). The life cycle is completed when the proglottids 

become gravid, harboring thousands of the infective onchospheres, and are shed from the 
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tapeworm and egected in the faeces of infected individuals (Del Brutto, 2013a; Del brutto, 2014; 

Flecker et al., 2017). Oncospheres (=eggs) are then dispersed and contaminate the environment 

(Del Brutto, 2013a; Flecker et al., 2017). The eggs contain the hexacanth embryo, which 

becomes the larval stage when ingested by an intermediate host (Gal´an-Puchades, 2016; Flecker 

et al., 2017). 

Humans can act as accidental dead-end intermediate hosts and develop cycticercosis following 

ingestion of tapeworm eggs (Lightowler et al., 2015; Braae et al., 2016b). Auto-infection can 

also occur when proglottids reach the stomach by reverse peristalsis, resulting in massive 

infection (Carpio and Romo, 2014). The hatched larvae penetrate the intestinal mucosa and 

migrate throughout the body, forming cysticerci, which commonly lodge in skeletal muscles, 

eyes and subcutaneous tissues, but have a particular predilection for the central nervous system 

(CNS), causing neurocysticercosis (NCC) (Braae et al., 2016b; Gal´an-Puchades, 2016; Moyano 

et al., 2016). 

Pigs are the main intermediate hosts (Coral-Almeida et al., 2014) and ingest T. solium eggs 

contained in infected human feces or through ingestion of contaminated water or feed (Fleury et 

al., 2015). After ingestion, the oncospheres evaginate and the hatched larvae penetrate the 

intestinal walls into the bloodstream and develop to metacestodes, forming cysticerci throughout 

the body but mostly in the striated muscles of the pigs (Del Brutto 2013a; WHO 2016a). If eggs 

are not ingested directly within faeces, they are eventually released into the environment and can 

persist for some time; dung beetles have been implicated in the dissemination of Taenia spp. 

eggs and consequent infection in pigs (Braae et al., 2016b). 
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1.2.1 Clinical signs in pigs 

Infected pigs are most often asymptomatic, but can rarely show neurological signs (Mkupasi et 

al., 2014; Trevisan et al., 2016; Trevisan, 2017b), which can manifest as seizures, as in humans 

(Mkupasi et al., 2014; Trevisan et al., 2016). Naturally infected pigs can be massively infected 

with cysts that spread in all the cerebral lobes and with only a few in the cerebellum, leading 

rather to dullness, sluggishness, somnolence, apathy and loss of consciousness, and in one case 

hypersensitivity to sound (Mkupasi et al., 2014). Trevisan et al. (2016) observed quivering, 

trembling mouth and paralysis of the ear, ataxia, dribbling saliva, circling movement, and 

seizures in two adult pigs, including decreased production performance social isolation. 

 

1.2.2 Disease in humans 

The clinical manifestations of NCC differ, varying from asymptomatic to severe (Winkler, 2013; 

Trevisan et al., 2016). The severity depends on the number, viability and location of cysts in the 

nervous system (Carpio et al., 2013; Flisser, 2013; Garcia et al., 2014b), the genotype of the 

parasite (Winkler 2013; Winkler and Richter, 2015), the age and gender of the host (Fleury et al., 

2011; Sciutto et al., 2013; Fleury et al., 2016), and the host’s immune response against the 

parasite (Carabin et al., 2011; Carpio et al., 2013; Del Brutto, 2013a). Seizures are the most 

common presentation of NCC (Flisser, 2013; Carpio and Romo, 2014) occurring in about 60-

90% of symptomatic infections (Rodrigues et al., 2012; Carpio et al., 2013). Headache (Johansen 

et al., 2016) due to increased intracranial pressure, as well as focal neurological signs (Cárdenas 

et al., 2010; Fleury et al., 2011; Flisser, 2013) and generalized weakness associated with muscle 

pseudohypertrophy (Fleury et al., 2015) are also common presentations noticed.  
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Epilepsy is the most significant neurological manifestation of NCC in most parts of sub Saharan 

Africa, causing 50,000 deaths annually, although incidence varies in different regions according 

to socioeconomic and cultural practices (Del Brutto, 2013b; Winkler, 2013). It has been 

estimated that between 2.6 and 8.3 million individuals are affected globally by symptomatic and 

asymptomatic NCC, and that 0.76-2.46 million of the NCC-related epileptic individuals and 

0.95-3.08 million of the asymptomatic NCC individuals are in sub-Saharan Africa (Winkler, 

2013), resulting in 2–5 million lost disability-adjusted life years (WHO, 2015b). 

 

1.3 Diagnosis 

1.3.1 Diagnosis of porcine cysticercosis 

Diagnosis of porcine cysticercosis is essential for control, to prevent taeniasis in humans and 

further onward infections in pigs as well as NCC in humans (Gilman et al., 2012). 

 

1.3.1.1 Tongue and carcass inspection 

The simplest and most common diagnostic methods for porcine cysticercosis are visual 

inspection of the surface of the tongue, which has a sensitivity ranging from 16-70% (Phiri et al. 

2006), and carcass inspection (Lightowler et al., 2015). Studies by Lightowler et al. (2015) 

indicate that slicing the tongue, masseter muscle and heart is highly specific and detects natural 

infection in pigs with 80% sensitivity. Most epidemiological studies in West Africa have used 

carcass inspection (Gweba et al., 2010; Edia-Asuke et al., 2014; Dermauw et al., 2016). Tongue 

and carcass inspection are commonly applied to check meat safety, but can inadvertently lead to 
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the entrance of a large amount of pork infected with cysticercosis into the human food chain at a 

reduced price, if mechanisms are not in place for the proper disposal of infected meat (Gonzalez 

et al., 1990). 

 

1.3.1.2 Serology in pigs 

Serological tests for detection of specific antibodies or specific antigens use enzyme-linked 

immunosorbent assay (ELISA) and electro-immuno transfer blot (EITB) (Fleury et al., 2013, 

2015; Lightowler et al., 2015). However, serologically positive pigs may not have cysticerci at 

necropsy (Devleesschauwer et al 2013; Lightowler et al., 2015; Jayashi et al., 2014). False 

positive or transient positive reactions might arise from exposure to T. solium eggs that did not 

develop to cysticerci to be detected at carcass inspection (Lightowler et al., 2015). Most 

serological studies of pigs in West Africa have used Ag-ELISA (Ganaba et al., 2011; Secka et 

al., 2010a). Serological test interpretation in individual animals is limited by their sensitivity and 

specificity (Fleury et al 2013; Lightowler et al., 2015) and should be confirmed by necropsy 

where possible. At population level, results can nevertheless give a useful indication of infected 

areas where the life cycle of the parasite is ongoing (Thomas 2015; Fleury et al., 2013). Lack of 

serological diagnostic kits in West Africa especially due to cost is a serious obstacle to such 

studies. Other diagnostic methods such as ultrasonography can detect cysts in living pigs 

(Flecker et al., 2017), hence should be made available in West Africa. 
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1.3.2 Diagnosis in humans 

1.3.2.1 Serology in humans 

The ELISA for antibody and antigen detection in human cysticercosis (Rodriguez et al., 2012) 

and the EITB assay developed by Tsang et al. (1989) are highly specific and commonly used as 

immunodiagnostics (Gilman et al., 2012). The EITB test is able to detect 98% of patients 

infected with cysticercosis with no cross-reaction with other parasites (Tsang et al., 1989) and 

gives an efficient marker of exposure to the parasite (adult T. solium) (Gilman et al., 2012; 

Fleury et al. 2013, 2015). The Ag-ELISA (Carabin et al., 2015; Nitema et al., 2012) and EITB 

have also been used in studies in West Africa in humans (Secka et al., 2011; Secka et al., 

2010b). Seropositive individuals, however, might have been exposed to the parasite or naturally 

cured and do not necessarily have an established infection; hence, results should be interpreted in 

line with the clinical presentation (Gilman et al., 2012).  

 

1.3.2.2 Diagnosis of NCC 

Diagnosis of NCC is mainly pursued by neuroimaging techniques, including computerised 

tomography (CT) and magnetic resonance imaging (MRI), (Gilman et al., 2012; Fleury at el., 

2013), and serology to detect the presence of circulating antigen and antibody (Gilman et al., 

2012). Neuroimaging techniques detect the presence of parasitic lesions, and can give a sensitive 

and accurate diagnosis of NCC (Gilman et al., 2012), although calcified lesions are less easily 

visualized (Nash et al., 2011). Few surveys in West Africa have used imaging techniques (Secka 

et al., 2010b; Milogo et al., 2012), because neuroimaging facilities are expensive and not easily 

available for studies in endemic areas (Gilman et al., 2012), including West Africa. 
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1.3.2.3. Diagnosis of taeniasis 

The presence of adult T. solium tapeworms may be detected by stool microscopy, and 

observation of Taenia sp. tapeworm eggs or sometimes adult tapeworm segements (Lightowler 

et al., 2016). Coproscopy has been widely used in human surveys in West Africa (Gweba et al., 

2010; Secka et al., 2011). This test has poor sensitivity, however (Lightowler et al., 2016), and 

misses 60-70% of cases (Mayta et al., 2000). Moreover, it is difficult to differentiate between T 

solium and T saginata eggs, which are morphologically very similar (Garcia et al., 2003; 

Lightowler et al., 2016). 

A species-specific coproantigen ELISA developed by Guezala et al. (2009) detects Taenia-

specific molecules in faecal samples and has a sensitivity of about 95% and specificity greater 

than 99% (Allan et al., 1996). This test has been used in studies in West Africa (Edia-Asuke et 

al., 2014), and overcomes the limitations of copro-microsciopy. However, this test is expensive 

and requires trained personnel (Gilman et al., 2012). Other diagnostic methods include the nested 

polymerase chain reaction (PCR) approach technique using amplification of the Tso31 gene 

developed by Mayta et al. (2000), and more recently loop-mediated isothermal amplification 

(LAMP) for T. solium DNA developed by Nkouawa et al. (2012). These are technically 

demanding and have not been carried out in West Africa.  
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1.4 Current status of Taenia solium infections in West Africa 

1.4.1 Human taeniasis and NCC 

Taenia solium cysticercosis is present in most West African countries since favorable conditions 

for parasite transmission in both humans and pigs occur widely in the region, such as defecation 

in the open field, illicit slaughtering of pigs and unqualified meat inspectors (Gweba et al., 2010; 

Secka et al., 2011; Goussanou et al., 2013; Weka et al., 2013; Carabin et al., 2015). The 

prevalence of cysticercosis / NCC and taeniasis in humans is shown below (Tables 1 and 2). 

Lack of identification and treatment of T. solium carriers, consumption of raw or inadequately 

cooked pork, clandestine slaughtering, and most importantly poverty, limit the effective control 

of the parasite (Ngowi et al., 2013). Stubbornly persistent high prevalence of neurocysticercosis 

has been reported in West African countries such as Burkina Faso and Senegal (Fleury et al., 

2013). In Burkina Faso, NCC is common, with 12-17 % of people suffering from epilepsy testing 

positive for T. solium (Millogo et al., 2012; Nitiéma et al., 2012). In Nigeria, a study by Edia-

Asuke, et al. (2015) showed an association between epilepsy and cysticercosis, such that 

individuals with epilepsy were twice as likely to test seropositive compared to non-epileptics. 

Cases of taeniasis have also been widely reported in the region: data from Nigeria (Table 2) 

showed that 30 % of people were detectable carriers of Taenia spp. (Edia-Asuke et al., 2014), 

while the prevalence of epilepsy was 2 % (Gweba et al., 2010). In Côte d’Ivoire, official records 

from 1990-2010 show variable prevalence from 0.3 % to 11.1 % of patent Taenia spp. infections 

(Offianan et al., 2015). There are important gaps in knowledge of prevalence, for example no 

recent published data on human cysticercosis in Guinea-Bissau or Liberia.  
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Table 1.1 Prevalence of cysticercosis in both people with epilepsy (PWE) and general villagers in West Africa by serology and 

imaging methods. Prevalence is given in percent, followed by positive cases / sample size in brackets). Ag-ELISA = Antigen 

ELISA=Enzyme linked immunosorbent assay; CT = Computed Tomography. 

Country  Prevalence (%) Diagnosis Subjects References 

Burkina Faso 0 - 11.5 (120/3609) B158/B60 Ag-ELISA Villagers Carabin et al., 2015 

 17 (10/60)  Ag-ELISA PWE Milogo et al., 2012 

 29.4 (20/68) CT-Scan PWE Milogo et al., 2012 

 12.8 (5/39) Ag-ELISA PWE Nitema et al., 2012 

Nigeria  9.6 (12/125) ELISA (IgG)  Villagers Weka et al., 2013 

 14.3 (43/300) ELISA (IgG)  Butchers  Edia-Asuke et al., 2015 

Senegal 7.7 (31/403) Ag-ELISA  Villagers Secka et al., 2011 

 7.7 (31/403) EITB Villagers Secka et al., 2011 

 23.3 (10/43) CT-scan Seropositive Secka et al., 2011 

Gambia 0 EITB, CT-Scan 630 PWE and controls Secka et al., 2010b 
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Table 1.2. Prevalence of taeniasis in human faecal samples in West Africa. Prevalence is given in percent, followed by positive cases / 

sample size in brackets. 

Country Prevalence % 

(N) 

Target group  Test References 

Ghana 0 (1080) Schoolchildren  Stool microscopy Nkrumah & Nguah, 2011  

1.1 (3/292) Villagers  Stool microscopy (Kato-Katz) Humphries et al., 2011 

13 (65/494) Villagers Stool microscopy (Kato-Katz) Bimi et al., 2012 

Nigeria 30 (3/10) Adult butchers  Copro-Ag-ELISA (T. solium) Edia-Asuke et al., 2014 

 8 (4/50) Villagers  Stool microscopy (Taenia spp.) Gweba et al., 2010 

Gambia 4.7 (2/43) Villagers Stool microscopy (Taenia spp.) Secka et al., 2011 
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1.4.2 Porcine cysticercosis 

Reports indicate that the West African region has the largest pig population on the African 

continent (Ngowi et al., 2013), having increased by 23 % between 1985 and 2005 (FAO, 2012). 

Available data on the current status of porcine cysticercosis in West Africa, determined by 

serological or carcass inspection, is presented in Table 3. 

Although there are no recent data on porcine cysticercosis in several countries in West Africa, 

e.g. Togo (Dumas et al., 1990; Dumas et al., 1989), T. solium is highly prevalent in the pig 

raising parts of the wider region, including in Senegal and Gambia (Secka et al., 2010a; Secka et 

al., 2010b; Secka et al., 2011) and Nigeria (Weka and Ikeh, 2009, Gweba et al., 2010, Edia-

Asuke et al., 2014). The lack of information elsewhere (Secka et al., 2011) might therefore 

indicate low levels of research on porcine cysticercosis in these countries, rather than absence of 

infection (Ngowi et al., 2013). There is a need for more epidemiological studies using suitable 

diagnostic technologies and neuroimaging to produce a more comprehensive picture. 
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Table 1.3. Prevalence of porcine cysticercosis in pigs in West Africa. Prevalence is given in percent, followed by positive cases / 

sample size in brackets. AgELISA = Antigen Enzyme linked immunosorbent assay; IgG = Immunoglobulin G. 

                

Country Prevalence % (positive / sample size) Diagnostic method Reference 

Burkina Faso 32.5- 48.2%(336) Ag-ELISA Ganaba et al., 2011 

2.9 (13/452) Carcass inspection Dermauw et al., 2016  

Gambia 4.8-13.2 (1705)  Ag-ELISA Secka et al., 2010a 

Ghana  2.3 (95/4121) Carcass inspection Atawalna et al., 2015  

18.8 (22/117) Carcass inspection Bimi et al., 2012  

Nigeria 

 

2.4 (9/379) Carcass inspection Idiaka et al., 2017  

5.9  (12/205) Tongue inspection Gweba et al., 2010 

14.4 (17/118) Meat  Gweba et al., 2010 

9.3 (4/43) Carcass inspection  Edia-Asuke et al., 2014 

46 (29/115)  IgG antibodies Weka & Ikeh, 2009 

Senegal 6.4-13 (1334)  Ag-ELISA Secka et al., 2010a  
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1.4.3 Economic burden of human disease 

Neurocysticercosis resulting in epilepsy is a significant health problem in many developing 

countries (Carabin et al., 2015; Braae et al., 2016a; Gabriel et al., 2016, Johansen et al., 2016), 

leading to disproportionate economic suffering in underprivileged populations (Ferrer and Garate 

2014; Gabriel, et al., 2016; WHO 2016a). Reports from most parts of West Africa show that 

epileptics suffer discrimination, stigmatization, joblessness and disability (Nitiéma et al., 2012; 

Komolafe et al., 2012; Carabin et al., 2013; Osakwe et al., 2014). Negative attitudes and 

behaviours toward epileptics by the general population are due to ignorance and mistaken 

perceptions. Some people believe that epilepsy is caused by witchcraft or evil spirits or that it is 

directly contagious, and sufferers therefore often seek treatment from herbalists, faith healers or 

witch doctors (Chacha et al., 2014; Osakwe et al., 2014). Yemadje et al. (2012), in a survey 

conducted in Benin, observed that because epilepsy is still widely considered to be caused by 

witchcraft, epileptic people are afraid to reveal their status and may lose the opportunity to 

access medical treatment. The same survey reported that 54 % of people with epilepsy concealed 

their health status in order to secure employment. 

 

1.4.4 Economic impacts of porcine cysticercosis  

Porcine cysticercosis significantly impacts pig production in sub-Saharan Africa (Trevisan et al., 

2017a; Gabriël et al., 2016). The market value of infected pork is reduced, thereby reducing 

income and rendering an important source of protein unsafe to eat (WHO, 2016a). This results in 

nutritional and financial losses for smallholder farmers (Ngowi et al., 2013; Johansen et al., 

2016), and affects food security through downgrading or total condemnation of affected meat, 

reduced sale price, or confiscation of live animals (Ngowi et al., 2013; WHO 2016a; Trevisan et 

al., 2017a). Previous studies by Zoli et al. (2003) indicates that annual losses resulting from 

porcine cysticercosis in 10 West and Central African countries is estimated at 25 million Euro. 

No recent region-wide economic information or reports are, hwoever, available for West Africa. 
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1.5 Risk factors for transmission in West Africa 

The human populations considered to be at the highest risk of infection are those who earn their 

livelihood wholly or partially through livestock rearing, including pigs, and have limited access 

to good sanitation (Ngowi et al., 2013; Fleury et al., 2015; Carabin et al., 2015; WHO, 2016a). 

Here we discuss risk factors especially relevant to transmission of T. solium in West Africa. 

 

1.5.1 Changing societal context 

Increasing demand for meat and urbanization of populations in Africa are driving emerging 

livestock systems, including backyard pig rearing without sanitary precautions. The scenario is 

further complicated due to lack of potable water and poor sanitary conditions, which were 

reported as risk factors for taeniais in a study conducted in Nigeria, in which Taenia spp. eggs 

were detected in soil and water (Gweba et al., 2010). Unhygienic practices like dumping faecal 

matter in the surroundings, eating unwashed fruit and vegetables, and drinking unsafe (i.e. not 

boiled or otherwise treated) water contaminated with Taenia spp. eggs, are important risk factors 

for infection with T. solium and have been reported by several authors elsewhere (Komba et al., 

2013; Ngowi et al., 2013; Mwanjali et al., 2013).  

 

1.5.2 Animal husbandry systems 

A strong link between various husbandry and sanitary practices and risk of infection in pigs and 

humans in West Africa has been established. The traditional system of pig management where 

most of the pigs are confined or tethered at night, and usually allowed to roam freely and 

scavenge during the day, is a common practice in West Africa and is likely to influence the 

prevalence of porcine or human cysticercosis, as observed in Burkina Faso (Ganaba et al., 2011). 

In this study, porcine cysticercosis was associated with rearing practices, especially in the rainy 

season, in which pigs left to roam briefly during the rainy season were more likely to be 

seropositive than those kept confined in pens. Seropositivity for human cysticercosis in a village 

population in Senegal was also linked to free roaming pigs having access to human defecation 

sites (Secka et al., 2011). In Nigeria, Gweba et al. (2010) observed that pigs had access to 
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farmlands that were used as defecation sites by farmers. Weka et al. (2013), also in Nigeria, 

showed that extensively raised pigs had significantly higher seroprevalence of cysticercosis 

compared to those that were raised under more intensive management systems. The traditional 

system of pig management is therefore a risk factor for transmission of the disease.  

 

1.5.3 Human dietary behavior 

Changing human behavior is a crucial component of solving the problem of cysticercosis in West 

Africa. For example, there is a lack of coordinated meat inspection and illegal slaughtering is 

commonly practised, resulting in infected carcasses being marketed and consumed, especially 

during festivities. In some instances, there are no abattoirs or slaughter slabs in the locality for 

meat inspection to be carried out, and if present are often unregistered. This was a common 

scenario observed in studies conducted in Nigeria, Senegal and Gambia (Gweba et al., 2010; 

Secka et al., 2010a, Edia-Asuke et al., 2014). Humans in such areas therefore are at a greater risk 

of infection with taeniasis and cysticercosis, especially when they eat undercooked pork meat 

(Nsadha et al., 2014a,b). 

 

1.5.4 Butcher and inspector practices in abattoirs  

Inspection of the whole carcass with slicing the tongue, heart and masseter muscle is the most 

accurate practical method (sensitivity of 80 %) of detecting porcine cysticercosis in naturally 

infected pigs by meat inspection (Lightowler et al., 2015). However, meat inspection regulations 

vary from one country to another (Dorny et al., 2005; Goussanou et al., 2014). Usually, butchers 

carry out basic visual inspection, sometimes supplemented by incisions of parasite preference 

sites, as for example in Benin (Goussanou et al., 2014). Butchers may allow only one incision to 

avoid disfigurement of meat (Gweba et al.,2010); a lack of multiple incisions renders the 

technique of low value, as cysts may be missed, thereby reducing sensitivity and observed 

prevalence (Goussanou et al., 2014). Some inspectors in Benin also allow butchers to sell meat 

from carcasses with immature cysts, with the recommendation to cook thoroughly before 

consumption (Goussanou et al., 2014). Confounding the issue also are the middle men who exert 

pressure to get the meat away from the slaughter slabs and quickly to the market place, thereby 
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preventing thorough meat inspection (Gweba et al., 2010). Although existing legislation in many 

African countries requires that cysticercotic pig carcasses be condemned at meat inspection, this 

does not usually occur. Rather, infected pig carcasses are sold at a reduced price, which varies 

between countries ranging from 20 to 60 % of the normal value (Ngowi et al., 2013). This 

promotes spread of infection and further pushes the burden of disease onto the poor, who cannot 

pay the premium for safe meat. 

 

1.5.5 Pork preparation and consumption 

There are indications that pork consumption is increasing in sub-Saharan Africa, while 

preparation methods in the region often do not effectively kill the cysticerci (Assana et al., 

2013). Heat resulting from boiling and frying the pork passes through the meat to a greater extent 

and is more likely to kill the cysts, compared to heat from roasting or barbecue grilling, as 

reported in Nigeria (Edia-Asuke, et al., 2015). In the same study, 93 % of respondents (a pork 

rearing and pork consumption area) consumed pork. However, eating improperly cooked or raw 

infected meat encourages taeniasis and favors the spread of T. solium eggs by the carrier (Del 

Brutto, 2013a), and hence NCC. Studies conducted in Ghana, Nigeria and Burkina Faso 

indicated that those who ate pork with cysticerci (Bimi et al., 2012; Weka et al., 2013; Carabin et 

al., 2015) and those who ate lightly cooked pork soups in the markets (Bimi et al., 2012) had 

higher probabilities of taeniasis. 

 

1.5.6 Hygiene practices 

Open defecation, poor personal hygiene and low environmental sanitation including improper 

faecal disposal are common practices in West Africa (Gweba et al., 2010; Secka et al., 2011; 

Weka et al., 2013). These habits are known to promote the spread of T. soilum (Ngowi et al., 

2013; Thys et al., 2015; Gabri¨el et al., 2016, 2017; Carabin et al., 2017). Weka et al. (2013) 

reported that those who did not use toilet facilities or did not wash their hands after defecation 

were 8.3 and 5.5 times more likely, respectively, to test seropositive compared to those who used 

water closet toilet facilities and regularly washed their hands after defecation. Similarly, studies 
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in Burkina Faso related high association between use of toilet, type of toilet facilities and hand 

washing practices and risk of cysticercosis (Ganaba et al., 2011; Carabin et al., 2015). 

 

1.5.7 Lack of knowledge 

In endemic areas, poverty, ignorance and superstitious beliefs about T. solium are associated with 

increased risk of disease transmission (Thys et al., 2015). In Nigeria, studies by Edia-Asuke et 

al. (2014) and Gweba et al. (2010) showed that 80 % of the butchers had poor knowledge of T. 

solium cysticercosis and its public health significance. Stakeholders in endemic areas may know 

about tapeworm infections in humans but not relate them to porcine cysticercosis and NCC 

(Thys et al., 2015). This lack of knowledge most likely explains persistent high-risk practices as 

described above. 

 

1.6 Treatment of Taenia solium infections 

1.6.1 Treatment of neurocysticercosis 

There is no universally accepted gold standard for the treatment of NCC but several suggestions 

have been made (Winkler, 2013; Garcia et al., 2014b). Pharmacological therapy succeeds in 

eliminating active cysts in only one third of patients (Carpio and Romo, 2014). Treatment of 

NCC should be individualized (Winkler, 2013; Winkler and Richter, 2015) and the dosage and 

course of treatment depends on the number, size, location and developmental stage of the cysts, 

any surrounding inflammatory edema, and the clinical symptoms or signs (Ferrer and Ga´rate, 

2014; Winkler and Richter, 2015). Prior to the introduction of anthelmintic drugs, surgery was 

the main treatment for NCC (Rathore et al., 2013; Winkler and Richter, 2015). Published data on 

surgical or pharmacological treatment of cysticercoisis in West Africa are not available.  

Albendazole is one of the cysticidal drugs of choice because of its ability to penetrate the central 

nervous system (Garcia et al., 2014a). Another drug of choice is praziquantel, which is widely 

accessible in sub-Saharan Africa and is effective against cestodes and schistosomes (Sousa-

Figueiredo et al., 2012; Evans et al., 2013; Braae et al., 2015; Winkler and Richter, 2015). Mass 

praziquantel treatment has been used widely in schistosomiasis control in Africa (Gilman et al., 
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2012; Braee et al., 2015). The drug is very effective in the treatment of taeniasis at a single oral 

dose rate of 5–10 mg/kg (Braae et al., 2015) and therefore can be used to treat against both 

parasites (Bree et al., 2015). Unfortunately, the recommended dose for the treatment of 

schistosomiasis (40mg//Kg); (WHO 2002) stimulates seizures in people with NCC (Torres, 

1989). Braee et al., (2015) suggests that integration with schistosomiasis control programmes is a 

good way forward for control of T. solium, and will also control other co-endemic infections 

(WHO 2010). There are no data available yet on widespread treatment for Taenia solium 

infections in humans in West Africa; however, several countries have carried out MDA against 

schistosomiasis using praziquantel, including Nigeria, Mali, Senegal and Niger (Garbai et al., 

2009; Evans et al., 2011, Leslie et al., 2011; Marianette et al., 2014). The safety of praziquantel 

for mass drug administration (MDA) in West Africa is yet to be evaluated in the light of high 

prevalence of NCC. 

 

1.6.2 Treatment of taeniasis 

Adult worms in the intestines are relatively innocuous, causing hardly any pathogenesis. 

Infections usually remain symptomless or may cause mild clinical manifestations, such as 

abdominal pain, diarrhea and weight loss, limited to the gastrointestinal tract (Praet et al., 2010a; 

Carabin et al., 2011). In rare cases, infection leads to more severe symptoms (Carabin et al., 

2011). However internal autoinfection of the proglottids by aid of regurgitation in the abdomen 

in cases of taeniasis, in which the eggs come into contact with the stomach acid, can allow 

hatching and penetration of the larvae into the tissues leading to cysticercosis (Garcia et al., 

2003). Niclosamide or praziquantel are the drugs of choice for eliminating adult tapeworm 

burdens (Gilman et al., 2012), but see comments above on risks in people with NCC. 

 

1.6.3 Treatment of cysticercosis in pigs 

The benzimidazole drug, oxfendazole is very effective against muscle cysts and gastrointestinal 

helminths at a single dose of 30 mg/kg body weight (Gilman et al., 2012; Pondja et al., 2012; 

Mkupasi et al., 2013a; 2013b), but has limited effect on brain cysts (Mkupasi et al., 2013a; 
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2013b). Brain cysticerci in pigs, however, are not likely to add considerably to T. solium 

transmission (Gonzalez et al., 1997; Willingham and Engels, 2006).  

The use of oxfendazole alone is often unable to control T. solium, as shown in a high endemic 

area in Mozambique (Pondja et al., 2012). This is because some animals are likely to get 

reinfected following the last treatment and prior to slaughter, since infected pigs that have 

received treatment retain immunity againt reinfection for only around 4 months (Lightowlers, 

2010; Gilman et al., 2012; Lightowlers, 2013). Pigs not previously infected with T. solium 

remain at risk of infection after treatment, and are then able to transmit the disease once cysts 

mature about 6 weeks following infection (Assana et al., 2010). Further, in heavily infected pigs, 

inflammatory reactions arise in reaction to the anthelmintic-mediated death of cysticerci in the 

muscles (Assana et al., 2010), and can make the meat unfit for marketing and subsequent 

consumption (Lightowlers, 2010). The prolonged time necessary for the lesions to vanish has 

been considered as a most important limitation for the use of porcine chemotherapy as a control 

measure for T. solium (Gilman et al., 2012). Visible lesions stay in pig muscle for about 6 

months following treatment (Sikasunge et al., 2008). A withdrawal time of 17 days has been 

shown for meat to be healthy for consumption by humans, consequently about 12 weeks is 

needed for treatment before probable slaughter to allow for destruction of cysts and guarantee 

safe meat in terms of anthelmintic residues (Moreno et al., 2012; Lightowler 2013).  

Apart from these limitations, organising chemotherapy for pigs to take into account their sale and 

slaughter, in most environments in which T. solium occurs, can be very challenging (Assana et 

al., 2010). Oxfendazole is available in Morocco (registered as Paranthic©) at a price of 0.5 US 

dollars per 30 kg pig, which is motivating to small-scale pig farmers (Lightowler, 2013; Donadeu 

and Lightowlers, 2014; Thomas 2015; Geerts, 2016), but affordable treatment or data showing 

efficacy are not available in West Africa. Other drugs can be useful for treatment of porcine 

cysticercosis: Gonzalez et al. (2012) found that treatment with albendazole with praziquantel or 

albendazole alone significantly reduced the number of viable cysts in both muscles and brain. 
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1.7 Control 

Taenia solium cysticercosis is still endemic in West Africa despite the availability of tools to 

disrupt the life cycle (Braee et al., 2015b). The World Health Organization (WHO) included T. 

solium cysticercosis as one of the major neglected tropical diseases (NTDs), and has adopted a 

resolution for intensified control efforts (Braee et al., 2015 Braee et al., 2015a WHO, 2010 Braee 

et al., 2016b). The resolution recommended a scaled-up control and eradication strategy in 

selected countries to last from 2016 to 2020 with the aim to control and eradicate the disease by 

2020; no large scale taeniasis control programme, however, has yet been implemented in sub-

Saharan Africa (WHO, 2015c). Below, we consider the approaches available and how they have 

been and might be more effectively applied in West Africa. 

 

1.7.1 Use of latrines to reduce open defecation 

The availability and use of toilets or latrines will decrease the spread of Taenia spp. eggs in the 

environment and also reduce the burden of other significant causes of mortality and morbidity, 

including diarrheal diseases (Brooks et al., 2006; Pruss-Ustun et al., 2014) and soil-transmitted 

helminths (STH) (Bethony et al., 2006). Provision of locally available materials to construct 

toilets in localities requires the involvement of communities and can be difficult (Thomas, 2014). 

Gabriel et al. (2016) recommended that aside from emphasizing the presence and use of latrines, 

the community should also have access to sufficient clean water to allow improved sanitation 

and hygiene, and recommends focusing on how these sanitation infrastructures are used and 

managed by the population. Bulaya et al. (2015) carried out assessments to evaluate community-

led total sanitation (CLTS) as an intervention measure for the control of porcine cysticercosis in 

the Eastern Province of Zambia. They observed only a marginal increase in the number of 

latrines following intervention, and no change in sanitation practices or knowledge of 

cysticercosis: longer term evaluation was recommended after villages have been affirmed open 

defecation free. The effect of such sanitation programs has not yet been evaluated as part of T. 

solium control in West Africa; however, Carabin et al. (2015) in Burkina Faso showed that of 

4792 individuals in the study population, 629 had toilets as indicated by their chief, and that 

access to a toilet was considered by mothers to reduce the prevalence of T. solium infections. 
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Secka et al. (2010) reported that 93 % of the residents in their study communities in The Gambia 

and Senegal had toilets and only 5 % used open defecation; however, the 5 % were likely to be 

responsible for considerable environmental contamination with Taenia spp. eggs. Similarly, 

Gweba et al. (2010) reported that 93 % of households had toilets in their study location in 

Nothern Nigeria; however, the majority of them defecated on farmlands and contaminated the 

environment with Taenia spp. eggs, which were responsible for infecting 

semi‐intensively managed pigs. 

 

1.7.2 Personal and household hygiene  

Individual and community hygiene should also be emphasized and encouraged in order to 

decrease the risk of NCC (Gabriela et al., 2016). The availability of sufficient clean water is 

crucial to allow improved hygiene, especially washing of hands after defecation (Gabriela et al., 

2016), since Taenia spp. eggs can be transmitted to the mouth by contaminated hands following 

defecation or eating with unwashed hands (Schantz et al., 1992), as well as by autoinfection. 

Weka et al. (2013) in Nigeria reported that respondents who washed their hands with water only 

after each toilet use had a seroprevalence of 35 % IgG antibodies to T. solium, while those who 

used water and soap had a seroprevalence of 1.7 %; individuals who did not wash their hands at 

all after going to the toilet were 31.7 times more likely to be seropositive compared to those who 

washed their hands with soap and water. Edia-Edia-Asuke et al. (2014) in Nigeria reported that 

hygiene was poor among butchers in their study location, with 70 % reporting that they did not 

wash their hands after using the toilet. Enough water for washing of fresh food is also necessary 

to reduce the spread of Taenia spp. eggs, as the consumption of unwashed fruits and vegetables 

is also a risk for the spread of cysticercosis, as shown in Burkina Faso (Carabin et al., 2015). 

 

1.7.3 Confinement of pigs 

Pig confinement should be encouraged where possible (Fleury et al., 2013; Bulaya et al., 2015; 

Fleury et al., 2015; Thomas, 2016; Geerts 2016) as it prevents access to human faeces (Lekule 

and Kyvsgaard, 2003; Lightowlers, 2010). Pig farmers should also be informed that apart from 

the advantage of a decrease in porcine cysticercosis, confined pigs also have a reduced risk of 
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acquiring African Swine Fever (Thomas et al., 2013; Gabriel et al., 2016; Geerts 2016), and 

decreased burden of other parasites (Kagira et al., 2012; Gabriel et al., 2016). The ability of 

farmers to provide pig housing, however, will be hindered by poverty (Kagira et al., 2010; Asana 

et al., 2013); in confined systems the farmer is also expected to provide feed since pigs will no 

longer be able to scavenge to feed themselves (Lekule and Kyvsgaard, 2003; Lightowlers, 2010; 

Asana et al 2013). This runs in opposition to the motives of the smallholder farmer, to keep pigs 

as a source of income without the need to invest in feed (Gilman et al., 2012). Poverty therefore 

renders pig confinement an unworkable approach to T. solium control in the short term and 

changes in pig management systems should be considered a long term strategy (Thomas, 2015a). 

Furthermore, there is no quantitative evidence available on the use of pig restraint as a stand-

alone strategy for T. solium control, and totally confined and free range pigs in Tanzania had a 

comparable prevalence of cysticercosis (Braae et al., 2014). Traditional systems of pig 

management, in which most of the pigs are confined or tethered at night, and allowed to roam 

freely and scavenge during the day, is commonly practiced in West Africa and is likely to 

influence the prevalence of porcine or human cysticercosis, as reported in Burkina Faso (Ganaba 

et al., 2011), Gambia (Secka et al., 2011) and Nigeria (Gweba et al. 2010; Weka et al., 2013). 

Changes in pig rearing system are likely to be driven by economic more than sanitary 

considerations, but research on the constraints on and consequences of adopting different 

systems, and related trade-offs with time and funds available for other activities, resilience to 

internal and external disruptions, and animal welfare, remain un-studied in West Africa. 

 

1.7.4 Meat and lingual inspection 

Meat inspection is used worldwide for the detection and condemnation of carcasses infected with 

cysticercosis (Thomas, 2014, 2015), and helps to break the life cycle of T. solium (FAO/WHO, 

2014; WHO 2016a; Geerts et al., 2016). Both meat and tongue inspection are carried out in West 

Africa in locations where slaughter slabs or abattoirs for pigs exist, as observed in Nigeria and 

Benin (Gweba et al., 2010; Edia Asuke et al., 2014; Goussanou et al., 2014; Idiaka et al., 2017). 

These techniques are relatively cheap, rapid and easy to conduct (Goussanou et al., 2013; WHO 

2016b), and do not need sophisticated facilities (WHO 2016b). Their sensitivity, however, is low 

(Dorny et al., 2004; Gilman et al., 2012; Nsadha et al., 2014b); therefore, lightly infected pig 
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carcasses undetected by this method are likely to go into the food chain and serve as a source of 

infection in the community. This risk increases if veterinary inspection is poor or limited in the 

market chain in endemic regions (Mwanjali et al., 2013; Thys et al., 2015; Gabriel et al., 2016; 

Carabin et al., 2017) and the existence of unofficial pig markets where uninspected meat is sold 

is a hindrance to successful realization of proper meat inspection in many endemic areas 

(O’Neal, et al 2011). Furthermore, farmers and traders frequently carry out tongue examinations 

to detect cysts prior to marketing in order to avoid condemnation, and then often use the infected 

carcase for their own consumption or sell it illegally (Pondja et al., 2010; Praet et al., 2010). 

Legislation on official meat inspection and condemnation of infected meat needs to be active and 

enforced, but is difficult to implement in rural and inaccessible areas, where clandestine 

slaughtering of pigs and consumption takes place (Willingham et al., 2010). Meat inspectors 

should be trained to properly apply veterinary legislation in slaughterhouses (Mkupasi et al., 

2013b; Fleury et al., 2015). Pork inspection guidelines and policies are needed to improve pig 

farming and meat inspection practices (WHO 2016a). Farmers, traders and consumers need to be 

given public health education about the dangers of eating infected pork (Gabriel et al., 2016).  

The lack of comprehensive and satisfactory meat inspection in West Africa is a significant risk 

factor for the transmission of cysticercosis to humans. In Nigeria, the situation is further 

complicated by the lackadaisical attitude of inspectors, apathy from the farmers, insincerity of 

policy makers, and consumers who prefer to buy infected carcasses at a cheap price without 

regard for the health implications (Weka, personal observation). Tightening of meat inspection 

and condemnation of infected carcases runs the risk of exacerbating the divide between safe but 

expensive meat and cheaper but riskier ‘unofficial’ meat, further pushing the burden of disease 

onto the poor. Research is needed that encompasses the economic, social and behavioural 

context of meat safety as well as biological and veterinary processes. 

 

1.7.5 Meat processing 

Proper meat processing at household and community is an important defence against NCC (Xiao 

et al., 2013; Ertel et al., 2015; Gabriel et al., 2016). Freezing for 10 days at –10 °C, gamma-

radiation, cooking and salt pickling of pork meat infected with T. solium all decrease cyst 
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viability (Gilman et al., 2012; OIE, 2015; Geerts 2016). However, implementation in rural areas 

is often difficult due to cost and unavailability of equipment (Gilman et al., 2012; Geerts, 2016). 

Lack of freezers, unreliable power supply, and impatience of consumers militate against 

prolonged freezing of meat as a control measure in West Africa. A temperature of 80 °C will also 

kill T. solium cysticerci in infected meat (OIE, 2015). Although meat is normally well cooked in 

endemic areas (Geerts, 2016) including West Africa, it is frequently eaten in a grilled or fried 

form (brochettes or ‘porc braisé’), which are not always sufficiently heated to kill all cysticerci 

(Assana et al., 2013). Effective meat processing requires health education to ensure an effective 

and sustained change in behavior. 

 

1.7.6 Anthelmintic treatment of pigs and humans 

Treatment of cysticercosis in pigs and taeniasis in people is discussed above, and can be usefully 

applied at population level to assist in control. A pre–post community-based randomized 

controlled trial in Peru administered two rounds MDA of oxfendazole (30mg/kg, at an 

unspecified interval) to pigs and praziquantel (5 mg/kg, one round, 75 % coverage) to humans 

(Garcia et al., 2010). Expelled tapeworms should be destroyed since the available anthelmintics 

are not ovicidal, meaning that T. solium eggs remain viable and infective after expulsion. It may 

also be necessary to treat any newcomers to the region that might be carriers, and those returning 

from regions where transmission of T. solium is still ongoing (Geerts, 2016). Studies using 

combined treatment of pigs and humans in West Africa have not yet been reported. 

 

1.7.7 Vaccination of pigs  

Vaccination is a recently available intervention for the control and eradication of T. solium 

(Assana et al., 2013; Lightowlers, 2013; Fleury et al., 2015; Gabriel et al., 2016), and has 

conferred high levels of protection in both experimental and field trials (WHO, 2015c, 2016a). 

Three candidate vaccines currently exist, based on: a crude antigen developed by Molinari et al. 

(1993); a recombinant oncosphere antigen-based TSOL16 or TSOL18 vaccine by Lightowlers et 

al., (2010); and a peptide-based S3PVac developed by Huerta et al. (2001). The most effective 

vaccine produced to date is the recombinant protein TSOL18, which achieved 99·5–100% 
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protection of vaccinated pigs in a field trial in Cameroon when combined with a single 

oxfendazole treatment (Assana et al., 2010). In the study, the first vaccine dose was given at 2-3 

months of age, and a second vaccine dose given with oxfendazole 4 weeks later. A third vaccine 

dose was given 3 months later. The combination of TSOL18 vaccination and oxfendazole in pigs 

has the potential to control transmission in endemic areas and indirectly decrease new cases of 

NCC (Assana et al., 2010). The oxfendazole eliminates any T. solium infection that is already 

present in the vaccinated pigs, prior to the animals being fully vaccinated and protected 

(Lightowlers, 2013). The regimen allows adequate time to pass after chemotherapy for any 

lesions in the pork arising from killed and necrotic cysticerci to be resolved prior to the animals 

being slaughtered. During this period, all animals (previously infected or otherwise) are 

protected against new T. solium infection by the vaccine. A second field trial conducted in Peru 

confirmed these results using a recombinant vaccine combining TSOL18 and TSOL16 antigens. 

Piglets were vaccinated twice at a one-month interval without oxfendazole treatment and viable 

cyst numbers were reduced by 99.9 % compared with unvaccinated piglets (Jayashi et al., 2012). 

Challenges remain, however, in achieving optimal protection of traditionally managed pigs under 

field conditions (Lightowlers, 2010; Lightowlers 2013; Pawloski, 2016; Johansen et al., 2016). 

The protocol requiring three vaccinations and oxfendazole increases costs to the farmer and 

likely decreases feasibility (Assana et al., 2010; Lightowlers, 2010; Jayashi et al., 2012; Thomas, 

2014). The vaccine may be unaffordable for poor communities unless subsidized and supported 

by provision of infrastructure to deliver the vaccine, including an effective cold chain. 

Currently, the TSOL18 vaccine is produced commercially at scale by Indian Immunologicals and 

the Global Alliance for Livestock Veterinary Medicines, a private public partnership (GalvMed; 

www.galvmed.org) so that the vaccine can be made available to farmers at a reasonable price 

(Thomas 2015; Geerts 2016). Studies using vaccination of pigs in West Africa have not yet been 

reported and the vaccine is not yet commercially available there; however, personal interviews 

with farmers in North Central Nigeria indicated that they are ready to pay for the TSOL18 

vaccine if the price is affordable (Weka et al 2018 unpublished). 

Taenia solium taeniasis-cysticercosis can be eliminated more quickly if vaccination (TSOL18) 

plus treatment of pigs with oxfendazole 30mg/kg is combined with mass or targeted treatment of 

human tapeworm carriers (Geerts, 2016). 
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1.7.8 Health education 

Health education is a significant part of control strategies for T. solium (Garcia et al., 2010; 

Willingham et al., 2010; O’Neil et al., 2011; Fleury et al., 2013). Several T. solium intervention 

trials have incorporated public education together with other control measures (Lightowlers et 

al., 2016). Health education could play a significant role by informing consumers about the risks 

related to the consumption of infected pork; subsequent refusal to purchase infected meat might 

assist in a change of management practices, as farmers will acknowledge a clearer economic cost 

of high-risk practices (Fleury et al., 2013; Lightowler et al., 2013; Thomas 2015; Gabriel et al., 

2016). Impact could extend throughout the meat supply chain and to health workers and the 

general population (Thomas. 2015), although like other interventions, education has limitations 

as a stand-alone approach (Gabriel, et al., 2016; Lightowlers, 2010). A free computer-based 

health education tool called The Vicious Worm was developed to support efforts to control T. 

solium infections (Johansen et al., 2014), targeting stakeholders across from all professions and 

sectors and providing information on transmission, diagnosis, risk factors, and prevention and 

control of the disease (Johansen et al., 2016). The tool contains short stories with illustrations, 

and text divided into three levels depicted as an African setting of a village, town, and city (Ertel 

et al., 2015). At the village level, health information is provided in a simple illustrative way, at 

the town level in a more technical way useful for professionals, and at city level with briefings 

and information sheets for policy making. In some studies, health education was found to 

significantly improve knowledge regarding the disease and the study subjects reported a positive 

attitude towards the program and teaching methods (Ertel et al., 2015; Mwidunda et al., 2015), 

although 28.4% said that they would still consume infected pork (Ngowi et al., 2011). In an 

education programme in northern Tanzania using a PRECEDE-PROCEED model, participants 

showed an increase in usage of latrines and hand washing (Alexander et al., 2012), an increase in 

confining pigs (Wohlgemut et al., 2010), and a reduction in the consumption of infective pork 

(Ngowi et al., 2009). No studies on health education as a control tool for T. solium cysticercosis 

has been reported yet in West Africa. 
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1.7.9 Integrated approach  

Several predictive models have been developed to help design the most effective and feasible 

intervention strategies for the control of T. solium cysticercosis in both pigs and human 

populations (Braae et al., 2016b; Winskill et al., 2017). The recently developed CystiSim model 

indicated that combined intervention strategies in both pigs and humans, such as concurrent mass 

drug administration in humans and vaccination and treatment of pigs, have a high likelihood of 

success, given a 75% coverage rate sustained for more than four years (Braae et al., 2016b). 

Information transfer and teamwork between agencies is required for effective integrated 

interventions (Thomas 2015). Collaborative networks for T. solium control already exist 

nationally and internationally among researchers, and this effort should be sustained for 

interaction and transfer of knowledge and findings (Gabriel et al., 2016, WHO, 2016a). This 

way, channels of communication between these networks and international authorities will be 

opened and maintained (Fleury et al., 2013; Gabriel et al., 2016; WHO, 2016a). A multisectorial 

and One Health approach across all disciplines including agricultural, food and human health 

sectors comprising medical, veterinary, environmental, governmental and non governmental and 

social actors is necessary for the control and eradication of cysticercosis and T. solium in both 

human and pigs (Braae et al., 2016a; Gabriel et al., 2016; WHO 2016a). Furthermore, it is vital 

to integrate control of T. solium cysticercosis with other NTDs or within national primary health 

care systems (Bockarie et al., 2013; Rasamoelina-Andriamanivo et al., 2013; Nakagawa et al., 

2013; WHO, 2013c). Efforts to improve scientific understanding and design of optimal control 

strategies should be cognisant of the fact that the success of any intervention is largely dependent 

on the level of societal and political acceptance, commitment and engagement of the 

stakeholders (Gabriel et al., 2016). 

 

1.8. Conclusions 

Diverse intervention methods have been recommended and tried in order to control T. solium 

cysticercosis (Fleury et al., 2013). A multipronged approach consisting of vaccination of pigs 

using TSOL18 vaccine and treatment with oxfendazole along with mass chemotherapy of 

humans is promising and with praziquantel could eliminate taeniasis. However, the fact remains 
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that long-term and sustainable control, and potentailly elimination, of T. solium should 

preferably include combinations of methods that center on both human and animal hosts, and 

include health education, improvements in personal hygiene and sanitation, improvement of pig 

husbandry, treatment of taeniasis through targeted treatement or MDA, treatment and/or 

vaccination of pigs, and improved meat hygiene and inspection. Selected combinations will 

depend on practicality and economic cost (Mwape et al., 2015). Alas, at present there is 

inadequate evidence for the best combinations for cost-effective intervention packages in 

endemic countries (Johansen et al., 2016), and integration of economics into disease control 

models might help to rectify this important deficit. Identifying and addressing key obstacles to 

sustained control efforts, as set out in this review for West Africa, is an essential step in 

designing rational approaches suited to target regions, and making real progress towards 

eradication. Diagnostic tools, including neuroimaging facilities, should be strategically situated 

and made accessible to rural populations in West Africa. This will support efforts to more 

accurately estimate the burden of disease, highlight the problem to policymakers with competing 

priorities, and monitor the effectiveness of interventions. 

1.9 Aims of the study 
 

1.9.1 Overall aims 

 

Pig farming has become a significant source of economic growth for the poor livestock farmers 

under improved husbandry system (Rodríguez and Preston 1997; Chimonyo et al., 2005; Thomas 

et al., 2014). Recent reports indicate that pig production is on the rapid increase and is now 

largely common as a result of rising request for animal protein due to increase development, 

change in diet likings and rising incomes (Lekule et al., 2003; Molyneux et al., 2011). Hence the 

benefits of pig farming in the low income countries cannot be over emphasized as it is essential 

to promoting the socio economic status of the populace (Carabin et al. 2005), especially because 

it has the advantage of being highly prolific amongst other animals, it is also easily sold and it 

can feed on kitchen waste amongst other factors (Cate, et al., 2011), and hence do not need much 

involvement in respect of labor and feeding (Rodríguez and Preston, 1997, Chimonyo et al., 

2005; Mutua et al.,2010). However, despite this positive development in pig production, 

numerous factors militate against profitable growth in the pig industry, notable among the factors 
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are inadequate technological inputs, poor veterinary health delivery, limited market and credit 

accessibility, and loss of production caused by endemic disease (FLD Federal Livestock 

Department, 2010) including helminthic diseases and the harmful zoonotic parasite T. solium 

(Thomas et al., 2014). Infection with the helminth gastrointestinal (GIT) parasites in both pigs 

and humans has been reported worldwide, and the occurrence of disease is being affected by the 

system of management (Nansen and Roepstorff, 1999). The extensive system of management is 

widely practiced in low income countries of Africa, where most of the pigs in these countries are 

raised under the extensive system of management (Lekule and Kyvsgaard, 2003), where the pigs 

pick up the eggs of the parasites while scavenging for food. Furthermore the devastating effect of 

T.solium cysticercosis on both the health and socio economic influence has not been given 

enough recognition (Boa et al., 2006, Pondja et al., 2010) especially on the poorly developed or 

low income countries (Kungu et al., 2015). More worrisome is neurocysticercosis, which causes 

significant health challenges in humans in low income countries especially the occurrence of 

adult onset epilepsy (Praet, 2009).  

This thesis aims to advance understanding of T. solium in pigs in north-central Nigeria, with a 

view to improving food security, safety, health and livelihoods. Farmers’ knowledge and 

perception on T. solium taeniosis / cysticercosis and the risk factors influencing transmission of 

the disease using structured questionnaire will also be studied in order to plan effective control 

policies for the disease in both pigs and humans, and also to offer an opportunity to improve the 

socioeconomic life of the poor rural farmers. The aims of the study are as follows: 

 

1.9.2 The aims of the study in chapter two  
 

• Determine the prevalence and spectrum of gastrointestinal parasites of pigs in three states 

(Plateau, Benue and Kaduna) of north central Nigeria. 

• Determine the risk factors and the association between risk factors and the proportion of the 

parasites in the host before and after deworming activity. These will improve understanding 

of epidemiology and transmission in order to guide against effective control.  

 

1.9.3 The aim of the study in chapter three 
 

• To investigate medically relevant gastrointestinal parasites of zoonotic importance among 

pig farmers, by coprological examination in three pig farming community of north central 
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Nigeria, and to improve understanding of their epidemiology in order to guide against 

effective control. 

• To investigate the risk factors for parasitic infections in respondents by relating prevalence 

to social and demographic factors in the study area. 

1.9.4 The aim of the study in chapter four 

 

• To establish the prevalence and epidemiology of porcine cysticercosis in pigs in north 

central Nigeria by serological test. 

• To elucidate significant risk factors for infection with porcine cysticercosis and establish age 

and gender distribution of disease in pigs, in order to improve understanding of disease 

transmission in peri-urban communities of north central Nigeria and identify appropriate 

cost-effective intervention strategies to decrease disease burden in study areas. 

1.9.5 The aim of the study in chapter five 

 

• To determine the serological prevalence of T. solium cysticercosis in humans in rural and 

peri-urban communities in central northern Nigeria. 

• To determine coprological prevalence of taeniosis in humans in study area. 

• To investigate the risk factors associated with T. solium infection in humans in the study 

area and gain a better understanding of pig husbandry practices, in the study location using a 

modified structured questionnaire. 
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GASTROINTESTINAL PARASITES OF PIGS UNDER 

DIFFERENT SYSTEMS OF MANAGEMENT IN NORTH 

CENTRAL NIGERIA 
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2.1 Introduction 

The pig industry is rapidly expanding globally amongst other livestock industries and alleviates 

shortage of animal protein, combating poverty in tropical countries (FAO, 2012). Although pigs 

have lower status socially compared to cattle, they are cheaper to keep and maintain, therefore 

are quite common amongst small holder farmers (Dewey et al., 2011). Pigs have the advantage 

of producing rapid turnover from production (Nonga and Paulo, 2015). However, despite the 

advantages mentioned, pig production is limited by some constraints such as limited funds, 

difficulty in marketing, lack of feeds and presence of disease (Petrus et al., 2011), including 

helminthosis. Helminthosis constitutes a major impediment to efficient and profitable pig 

production worldwide (Nissen et al., 2011, Obonyo et al., 2013). Studies indicate that levels of 

helminth infection in animals are likely to be higher in tropical and sub-tropical countries 

compared to other regions, due to availability of the right environmental conditions necessary for 

their development in such regions (Aiello and Moses, 2010).  

 

2.1.1 Economic significance of parasites in pigs in the study area 

The losses incurred due to these gastrointestinal parasites are enormous and include poor growth 

rate, decreased litter sizes, high mortality rates (Kagira et al., 2010, Kagira et al., 2012). Others 

are decrease in pig production, decreased use and conversion of feed, decrease in fertility and 

losses due to discard of infected organs, increase in expenses owing to treatment costs and death 

of animals (Kagira et al., 2012). Premature slaughter, visceral organ condemnation and poor 

final products as well as the risk of spreading zoonotic diseases such as cysticercosis have also 

been reported (Kagira et al., 2010). These gastrointestinal parasites occur in pigs in all 

production systems and parasites have been identified in both intensively and extensively 

managed pigs (Kagira et al., 2012, Tomass et al., 2013, Zewdneh et al. 2013) and on pigs kept 

on research farms (Sowemimo et al., 2012) and will likely play a role as a reservoir of 

gastrointestinal parasites of humans (Zewdneh et al., 2013). However, less scientific attention 

has been paid to parasites in pigs compared with those of ruminants, primarily because they 

rarely cause clinical disease and are therefore not noticed by the farmers or the veterinarians 

(Roepstorff et al., 2011). Studies on pig parasites have been conducted in                                                                                                                                                                                                                                                

Nigeria and the following parasites were identified, Metastrongylus salmi, Strongyloides spp, 

Oesophagostomum spp, Eimeria spp, Dicrocoelium spp, Trichuris suis, Ascaris suum, 

Stephanurus dentatus and Isospora suis (Weka et al., 2009, Sowemimo et al., 2013, Shima et al., 

2014, Olaniyi 2014). It is therefore the presence of these parasites of veterinary importance in 

pigs in the country coupled with the preponderance of the risk factors for gastrointestinal parasite 

transmission (low environmental sanitation combined with the extensive system of management 

commonly practiced in the study area) that prompted this study.   
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2.1.2 Pig parasites and management in Nigeria 

The commonly encountered important intestinal parasites of pigs include Ascaris suum, 

Ooesophagostomum spp., Hyostrongylus rubidus, Ascarops strongylina, Physocephalus 

sexalatus, Strongyloides ransomi, and Trichuris suis (Radostits et al,. 2000 and Nansen and 

Roepstorff., 1999). However, the commonly encountered species of significant importance in the 

study area are discussed below, these parasites abound in Nigerian pigs throughout the year and 

are a major constraint to the swine industry (Talabi et al., 2007), though their relative importance 

and impacts are likely to vary in different production systems. 

Oesophagostomum spp.  (Nodular worms) 

Distribution of Oesophagostomum spp. is worldwide, but most importantly in tropical and 

subtropical areas. The life cycle is direct. Infestation of pigs occurs following ingestion of 

infective larvae on pasture contaminated with faeces, and there is little evidence of skin 

penetration. Only few clinical signs are seen in infected pigs; heavy infections may lead to loss 

of condition and diarrhea in weaners and growers with harmful effects seen at subclinical levels 

(Urquhart 1987; Radositits et al., 2000).  

Trichuris suis (Whip worm) 

This parasite is found in the cecum and has a thick posterior end tapering rapidly to a long 

filamentous anterior end, which is characteristically embedded in the mucosa. The infective stage 

is the L₁ larvae found within the egg, after being passed in the faeces. Pigs 8-14 weeks old are 

typically the most heavily infected. Sporadic disease caused by substantial infections is 

accompanied by watery and bloody diarrhoea. Mortality can be high in newly weaned pigs, and 

harshly infected animals are anorexic, and lose weight rapidly (Soulsby, 1982; Urquhart, 1987; 

Radostits et al., 2000).  

Ascaris suum 

This is the large roundworm located in the small intestine of pigs. Ascaris suum has a worldwide 

distribution and a direct life cycle. The major route of infection is the highly resistant egg on the 

ground. Following ingestion, Ascaris suum undergoes hepato-tracheal migration and can cause 

milk spot lesions in the liver, leading to liver condemnation. Infection can have a devastating 

effect in the pig industries through decreased growth rate, and in temperate regions occurs at 

highest incidence in warm summers (Urquhart, 1987; Radostits et al., 2000). 

Metastrongylus spp. 

This species lives as adults in the small bronchi and bronchioles, especially of the posterior lobes 

of the lungs. The life cycle of the lungworm is indirect: eggs hatch almost immediately, with the 

intermediate host (earthworm) ingesting the L1 larvae. Metastrongylosis shows a characteristic 

age distribution, being most prevalent in pigs of 4-6 months old. Most infections are light and 
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asymptomatic and in heavy infections coughing is marked and accompanied by dyspnoea and 

nasal discharge (Urquhart, 1987; Radostits et al., 2000).  

Several epidemiological studies have been carried out in various countries and the prevalence of 

gastrointestinal parasites in pigs has been reported under various systems of management 

including Africa as indicated in table 2.1.  

Table 2.1 Prevalence of gastrointestinal parasites in pigs in Africa (%). 

Parasite Country 

Burkina 

Faso 

Kenya Kenya 

 

Zimbabwe Ethiopia  Nigeria 

 

Nigeria  

Tamboura 

et al. 

(2006) 

Obonyo 

et al. 

(2012) 

Kagira et 

al. (2012)   

 Marufu et 

al. 2008) 

Tomass 

et al. 

(2013) 

Nwoha & 

Ekwurike 

(2011) 

Sowemimo 

et al. (2012) 

Trichuris suis 1 7.8 7 4.2 0.3 17 12.2 

Ascaris suum 40 5.4 18 7 25.9  11.1 

Strongyloides 

ransomi  

21 26 37 14    

Oesophagosto

mum 

spp/Strongyle 

spp*.  

18 75* 75 54.6  100  

Hyostrongylus 

rubidus  

11       

Globocephalu

s spp 

10     68  

Metastrongylu

s spp  

 0.3 11     

Physocephalu

s sexalatus 

  3     

Fasciola 

hepatica 

    1.8 50  

Eimeria spp.      1.7   

Isospora suis        6.3 

Cryptosporidi

um spp. 

    7   

Ascarops spp.       67  

Stephamurus 

spp. 

     50 1.1 

 Necator spp.        33  

Human 

hookworm  

      5.9 

Foot note * = Strongyle spp., most likely to be Oesophagostomum  

 



36 
 

 

Parasites of veterinary importance have been identified pigs in Nigeria (Talabi et al., 2007 Weka 

et al.,2009; Nwanta et al., 2010; Nwoha and Ekwurike 2011), in both intensively and extensively 

managed pigs, and even in pigs kept on research farms (Sowemimo et al., 2012). The risk factors 

for gastrointestinal parasite transmission (low environmental sanitation combined with extensive 

management; Nansen and Roepstorff, 1999) are commonly encountered in the study area. 

2.2 Aims of the study 

Overall, the study aimed to determine the spectrum and prevalence of gastrointestinal parasites 

of pigs in north central Nigeria and the ameliorating effects of ivermectin treatment on infection 

levels. Moreover, to determine risk factors for infection and background information on socio-

demographic factors, including husbandry practices relevant to parasite transmission in the study 

population. Ultimately, the information generated will improve understanding of the 

epidemiology and transmission of gastrointestinal parasites in pigs so as to guide effective 

control. This will support increases in pig productivity through effective control of parasites and 

zoonoses including Taenia solium. 

2.3 Materials and methods 

2.3.1 Study area 

The study area comprises of three states located in the north central part of Nigeria, namely: 

Kaduna, Plateau and Benue states (Figs. 2.1, 2.2 and 2.3). Kaduna state has an area of 46,053 

km² and the study area covers Latitude 9°.34.884' N-9°.47.595' N and longitude 8°.19.342' E-

8°.508.55' E. Plateau state has an area of 26,899 km², and the study area covers Latitude 

9°.41.099' N- 9°48.208 N and longitude 8°44.459' E - 8°.50.737' E. Benue state has an area of 

34,059 km², and the study area covers Latitude 7o15’ and 8o15’N, and 8o00’ and longitude 

9o55’E. The north central area has two seasons, the wet season from May to October, followed 

by the dry season from November to April (Fadiga et al., 2013).  
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Figure 2. 1. Map of Plateau State showing the study areas and sampling locations (Gyel and 

Langtang North). 
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Figure 2.2. Map of Kaduna State showing the study area and sampling locations (Jemaa and 

Zanwa). 
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Figure 2.3. Map of Benue State showing the study area and sampling locations (Gboko and 

Ushongo). 
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2.3.2 Study design, sample collection and parasite detection 

Preliminary visits were made to select the study areas from the three states Kaduna, Plateau 

and Benue state, and two local governments were chosen from each of the states. Two 

villages per local government were then purposively selected, focusing on areas where pig 

production and consumption are of local importance, farms were accessible, and villagers 

were willing to participate in the study and had co-operated recently with similar studies. 

Permission to conduct studies in the selected villages was obtained from the village heads 

and district officers. The principal investigator explained the purpose of the study in each 

village and an awareness campaign was conducted before the study commenced and 

households for inclusion in the study were selected. The study was undertaken on pig farms 

selected by the assistance of field extension officers from the Ministry of Agric and rural 

development. The level of disease awareness and specific management practices were likely 

to be broadly representative in the selected villages as in the wider study areas. During the 

following days, the research team visited the selected households and identified eligible pigs. 

Non-pregnant and non-recently bred pigs were selected, to enable safe handling for sample 

collection. The research team comprised three veterinarians including the present author, 

who conducted all interviews. The other two team veteriarians collected blood and faecal 

samples from pigs, assisted by two livestock officers and two field officers who restrained 

the pigs. Two laboratory scientists collected blood and faecal samples from humans from the 

same households for the other part of the survey shown in subsequent chapters. 

Sampling was centered on individual small-holder pig farms, with herd sizes of less than 10, 

and larger commercial pig farms with pigs ranging from 25 per farm upwards, in order to 

discern any differences in infection rates between these categories. Sampling days were 

identified in advance and visits were scheduled for those who agreed to participate. 

The intervention study was conducted from March 2011 to October 2012. Households 

keeping pigs in the villages were visited and selected using the snowballing technique 

(Sikasunge et al., 2006). The village head indicated a few pig farmers, who in turn recruited 

other farmers, until most of the farmers willing to participate in the study were covered. Each 

pig was identified by household and given a serial number. Free veterinary medical attention 

was offered at each study site. Ivermectin was given to animals subcutaneously at a dose rate 
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of 1ml/50kg and farmers were given information on parasites of pigs and prevention 

strategies. The farmers were re-visited a year later and faecal samples were again collected to 

re-assess infection rates and the effect of the deworming activity on the subsequent 

occurrence of gastrointestinal parasites in the treated pigs. 

Sample size estimation 

Sample size estimation was calculated using the random sampling formula n = z2pq/l2 

(Martin et al., 1987), where n is the number of sample, z is the z score for a given confidence 

level, p is a known or estimated prevalence, q = (p-1), and l is the allowable error of 

estimation. An estimated prevalence rate of 20% was used, as observed for the prevalence of 

porcine cysticercosis in studies by Onah and Chienjina (1995), as the study focused on 

prevalence of porcine cysticercosis as will be shown in subsequent chapters; therefore the 

parameter used was z = 1.96, p=0.20%,q=  (1-0.20),1=5%, and a sample size of 245 was 

obtained. We then adjusted the sample size for multistage sampling, by raising n(2) by one 

and half times and obtained n(3) =368 pigs (Ngowi et al., 2014). However, the pig farmers 

were so much interested in the study and requested for more pigs to be included as they 

wanted to know the health status of the animals in terms of presence or absence of parasites, 

hence we eventually included 767 pigs before ivermectin intervention and 510 after the 

intervention. Not all pigs were available for sampling after intervention. 

Sample collection 

About 5 grams of faeces were collected under strict sanitation from the rectum with gloved 

hands, or freshly voided faeces picked from the ground when available from each animal, 

and placed in plastic, wide-mouthed containers with fitted screwed caps. Samples were 

labelled with pig identification, age, sex, location and date of sampling. The samples were 

taken to the laboratory within a few hours of collection for processing to ensure that the 

morphological features of the parasite eggs remained intact, and were examined according to 

Soulsby (1982) and WHO (2003). Ova that could not be identified immediately were kept 

refrigerated, and re-assessed later when time allowed.  
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Flotation method for nematode and cestode eggs  

For egg identification by flotation method, 3g of faeces were weighed from each of the 

samples into the respective containers and 42 ml of saturated salt solution were added into 

the beakers, after which the faeces were thoroughly mixed by the aid of a spatula in the 

flotation fluid (saturated salt solution, NaCl, specific gravity 1.20). The suspension was 

strained through a tea strainer into a second tube, and examined microscopically using the 

McMaster slide in the first year of study (detection limit 50 eggs per gam, epg). In the first 

year of study, the McMaster flotation-dilution method was used (MAFF, 1986). This 

achieved a dilution factor (=analytic sensitivity or detection limit) of 50 eggs per gram (epg). 

Faecal egg count was subsequently categorized into bands of egg density. In the second year 

of study, the mini-Flotac method was used, also based on flotation-dilution and with 

saturated NaCl, this time achieving a detection limit of 10 epg. This was intended to increase 

sensitivity and more precisely quantify decreases in egg shedding following treatment. 

Sedimentation method for fluke eggs 

The sedimentation technique was employed to recover eggs of intestinal helminths including 

the trematodes Fasciola spp. and Schistosoma spp., which have heavier eggs that do not float 

well in sodium chloride solution. 

About 3 grams of faeces each was weighed into various beakers and 50ml of water was then 

added into the respective beakers, after which the contents were mixed thoroughly with a 

spatula. The suspension was filtered through tea strainers and poured into the respective test 

tubes and the filtrates were allowed to stand for 5 minutes and the supernatant decanted 

carefully. The sediments were then re-suspended in 5 ml of water and allowed to stand for 5 

minutes, thereafter the supernatant was decanted and a drop of methylene blue was added. 

The sediment was then dropped onto a microscope slide and covered with a coverslip for 

microscopic examination. Egg identification was based on structural and morphometric keys 

according to Soulsby (1982). 

Larval culture  

Following worm egg counts, excess faeces were mixed with water and placed in a wide-

mouthed jar. A small amount of water was added to the mixture to obtain a relative humidity 
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of 60-80% and was subsequently added every 2 days to prevent the faeces from drying up. 

The culture was left at room temperature for 21 days, by which time most strongyle larvae 

should have hatched and reached the infective stage.  

The Baermann apparatus was set up for larval culture to recover nematode larvae, and 

parasite identification was based on structural and morphometric keys according to MAFF 

(1986) and Soulsby (1982). The principle of the Baermann technique relies on the active 

passage of larvae contained in faecal sample across a mesh that has been suspended in water, 

after which the larvae sink to the bottom and are collected by pipette for microscopic 

identification. 

For Baermann’s extraction, about 5 grams of faeces were weighed by a spatula and placed in 

a double layer of cheese cloth. A rubber band was used to tie the cheesecloth into a pouch 

and a short metal rod was put under the rubber band and the pouch suspended in water for 4 

hours. A Pasteur pipette was used to collect a small amount of fluid fom the bottom of the 

beaker and placed in a petri dish. A small droplet of the sediment fluid was then transferred 

by pipette from the petri dish to a microscope slide. A drop of iodine was added to fix the 

larvae and a cover slip placed on the slide, which was then examined under the microcope at 

10 x 10 magnification. 

2.3.3 Questionnaire survey of socio-demographic information and pig husbandry 

practices   

An open-ended questionnaire including questions on pig husbandry practices, history of 

deworming, type of feed offered and information on socio demographic factors was obtained 

as shown in Tables 2.2 to 2.7. The questionnaire was prepared in English and then 

interpreted verbally to the respondents in Hausa and various native languages of the farmers 

who could not understand English, through interpreters who were field officers from the 

village. Responses on hygienic and sanitary practices were verified by direct observation. 

The questionnaire is provided in Appendix 1. 

2.3.4 Ethical clearance 

Ethical clearance was obtained from the Ethical / Research and Publication Committee of the 

National Veterinary Research Institute, Vom and Jos University Teaching Hospital. 
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Permission to conduct studies in the selected villages was obtained from the village heads 

and district officers. 

2.3.5 Statistical analysis 

Data were entered into an Excel spreadsheet (Microsoft Inc.) and exported to SPSS version 

25.0 (PASW Inc.) for statistical analysis. Prevalence was calculated as the ratio between the 

number of animals whose faeces showed evidence of infection with each parasite type, and 

the number of pigs sampled. The formula used was p = d/n, where p is the prevalence, d the 

number of individuals having an observed patent parasitic infection at a particular point in 

time and n the number of individuals in the population at risk at that point in time. 

Prevalence of each parasite species was calculated separately according to Thrusfield (1995), 

and confidence intervals for prevalence of infection estimated using the exact binomial 

method. 

Descriptive statistics were used to summarise the population structure of the pigs sampled 

and the manamgent procedures in the study area. The association between prevalence of 

infection and these demographic and management factors was tested using binary logistic 

regression. Prevalence was preferred over faecal parasite egg density as the test variable 

because the latter is poorly correlated with adult worm burden for many taxa, and because 

prevalence is a sensitive indicator of level of parasitism at population studies. Binary logistic 

regression was also used to elucidate interactions between explanatory variables; for this 

analysis, multi-level factors were reduced to two levels prior to analysis as the dependent 

variable. 

Separate binary logistic regression analyses were conducted for each parasite taxon, before 

and after intervention (= deworming). Chi-square tests were first used to compare prevalence 

of each of the gastrointestinal parasites in pigs across the following factors: sex, age, 

location, history of deworming, feed type, system of management, month of sampling. This 

was done separately for each parasite in order to test for association between these 

categorical variables and the prevalence of various parasites, prior to multivariate analysis. 

Factors showing an association with prevalence at p < 0.10 were taken forward and included 

in multivariate analysis. Binary logistic regression was then used in order to determine 

significant predictors of infection with the individual parasites. Multivariate analysis was 
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conducted in order to take into account interactions between factors, providing a fairer 

indication of the true significance of each. The logistic regression results were therefore 

taken as the final indicator of variables significantly associated with prevalence, and not chi-

squared results, which are not presented. 

Factors showing significant univariate association with prevalence were initially included in 

binary logistic regression, and the least significant factor removed in turn until a final model 

was reached. In the final model, only significant factors, and supporting factors whose 

absence would remove significance in others, were retained. The Hosmer–Lemeshow test 

was used to assess goodness of fit of the final model, and Nagelkerke’s r2 to indicate the 

proportion of variation accounted for by the model. Associations between prevalence and 

significant explanatory factors were expressed as Odds Ratios (OR), with reference levels 

listed in the results tables for individual analyses. For some factors (e.g. village), the number 

of degrees of freedom was too great to allow sufficient covariation in other factors within 

levels to produce a valid logistic regression, at the low prevalence levels of some parasite 

taxa. In others (i.e. the nested factors state, local government area, and village) there was 

redundancy and the conditions for valid logistic regression were again not met. For example, 

only 33 pigs were reported to be fed only a commercial diet, and this was confounded with 

intensive management. In these cases, the factors were combined, or removed from the 

analysis and only descriptive statistics applied. Months were combined, such that the rainy 

season was assumed ot occure between May and October inclusive, and the dry season in 

other months. The final list of variables included as factors and their levels is given in the 

results section. 

Prevalence of each taxon before and after intervention was compared using chi-squared 

analysis, with p < 0.05 considered to indicate a significant difference. More sophisticated 

analyses such as binary logistic regression on prevalence, or generalised linear models on 

ova density, were not appropriate, because the diagnostic test used in each year was not the 

same, and differed in detection limit (= analytical sensitivity). Decreases in prevalence after 

intervention were nevertheless tested statistically, because the coprological method used after 

intervention (mini-Flotac, detection limit 10 epg) was more sensitive than that used before 

(McMaster method, detection limit 50 epg). A significantly lower prevalence after 

intervention is therefore a conservative indication of a true decrease. 
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2.4 Results  

2.4.1 Animal population characteristics 

Breed 

The study observed that breeding records were not kept by the small-holder pig farmers in 

the study locations, but the study population consisted of Nigerian indigenous pig breeds, and 

crosses of Large White, Landrace, Duroc, and non-specified and/or cross-bred pigs. 

Gender and age 

The majority of the pigs sampled were females (n=446) compared to males (n=293) and their 

age group is as follows: piglets (< 4 months, n= 128), growers (5-8 months, n= 323) and 

adults (>9 months n= 288), broken down by gender as shown in Table 2.2. 

 

Table 2.2. Age and sex distribution of sampled pigs first year of study. 

 
Age 

Gender Piglets Growers Adults Total 

 n % n % n % n % 

Female 83 65 153 47 210 73 446 60 

Male 45 35 170 53 78 27 293 40 

Total 128 
 

323 
 

288 
 

739 
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Locality 

Three states (Kaduna, Plateau and Benue), from which five local government areas (Jemaa, 

Jos south, Langtang north, Ushongo and Gboko), were included in the first year of study. 

Two villages were sampled in each local government area, with distribution of sampled pigs 

across them shown in Table 2.3. 

 

Table 2.3. Distribution of sampled pigs across states, local government areas and villages in 

the first year of survey. 

 

State Local 

government 

Villages Number Percentage (%) 

Kaduna Jemaa Zipak fada 51 6.5 

Miaghizo 34 4.4 

Plateau Jos south Gyel 109 14 

Tanchol 36 4.6 

Langtang north Longjah 201 25.8 

Lumbob 169 21.7 

Benue Ushongo Atonko 29 3.7 

Oshongo 26 3.3 

Gboko Yandev 45 5.8 

Adekaa 80 10.3 

  Total 780 100 
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Locality and month of sampling 

Pigs were sampled from Jemaa local government (n=85) of Kaduna state, Jos south (n=145) 

and Lantang north (n=370) local government of Plateau state, and Gboko (n=125) and 

Ushongo local government areas (n=53) of Benue state. Month of sampling was correlated 

with location as the research team moved around the study area (Table 2.4). 

 

Table 2.4. Distribution of pigs by month of sampling and husbandry practices in local 

government areas in the first year of study. n = number sampled (% of total sample in 

brackets). Semi int = semi-intensive; Int comm = intensive commercial. 

 

Variable Local government 

 
Jemaa Jos south Gboko Oshongo Langtang   

north 

Total 

Month n (%) n (%) n (%) n (%) n (%) n (%) 

March 85 (100) 0(0) 0 0 0 85 (11) 

April 0 145 (100) 0 0 0 145 (19) 

August 0 0 91 (73) 55 (100) 0 146 (19) 

September 0 0 34 (28) 0 0 34 (4) 

October 0 0 0 0 370 (100) 370 (47) 

Total 85 145 125 55 370 780 

Husbandry 
      

Pen 24 (28) 67 (46) 17 (14) 0 40 (11) 148 (19) 

Semi int 61 (72) 78 (54) 17 (14) 0 330 (89) 486 (62) 

Int comm 0 0 91 (73) 55 (100) 0 146 (19) 

Total 85 145 125 55 370 780 



49 
 

 

Management system and diet  

The study observed three major types of husbandry system were practised within the survey 

areas, which are shown in Table 2.4 and include the following: 

Extensively or semi intensively reared pigs  

The questionnaire survey showed that 62% of sampled pigs were extensively or semi-

intensively reared (Table 2.4). This group includes pigs that were tethered (44%, n=344), free 

ranging (4%, n=33), free and tethered (1.3%, n=10) and those raised semi intensively (13%, 

n=33), i.e. they were only housed at night but free or tethered in the day time. Generally, 

most of these pigs were housed or tethered during the rainy season. The survey observed that 

these categories of pigs are fed with kitchen waste and sometimes they were provided with a 

kind of dietary supplementation using local miller’s waste and self prepared rations. They 

were fed with various types of kitchen leftovers and pasture including green leafy vegetables 

(cabbage, spinach), yam and potato peel or comercial waste from local feed millers. This 

comprised rice bran, soya bean flour, maize bran, guinea corn and rice husk, including 

fermented wastages from locally brewed beer obtained from guinea corn and millet, etc. This 

was similar to feeds offered in other studies (Nissen et al. 2011, Atawalna et al., 2016, 

Roesel et al., 2017). Pigs were given drinking water from wells, streams, taps or bore holes. 

Pen-reared pigs  

Pigs kept in pens comprised 19% (n=148) of those sampled. These were not allowed to move 

out from the pen at all, they were provided with dietary supplementation using waste from 

local millers and were occasionally fed commercial feed and concentrate rations. They were 

also occasionally fed kitchen leftovers and green leafy vegetables, and were given water from 

wells, taps or bore holes. 

Intensive commercial systems of husbandry 

The last category comprises pigs raised under large intensive commercial systems, a total of 

18.7% (n=146) of those sampled. These pigs were fed strictly on commercial feed and were 

given water from taps or bore holes. 
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Age and sex of sampled pigs in the second year after intervention with 

ivermectin 

Pigs sampled were more evenly distributed between the sexes and their age group is shown 

in Table 2.5. 

Table 2.5. The age and sex distribution of sampled pigs in the second year of survey after 

intervention with ivermectin. 

  

Gender                                                                 

Age group 

Piglets Growers Adults Total 

Number % Number % Number % Number % 

Female 100 49.26 91 48 82 73 273 54 

Male 103 50.74 99 52 31 27 233 46 

Total 203 
 

190 
 

113 
 

506 
 

 

Month of sampling. location and husbandy practices in second year of study 

After the intervention the animals were again sampled from Jemaa (n=70) and Zangon Kataf 

(105) local government of Kaduna state, Jos south (n=329) and Lantang north (n=175) local 

government of Plateau state. In respect of month of sampling, the animals were sampled in 

October (n=506) and November (n=173). In respect of husbandry practices, 243 of the pigs 

were raised in pens while 436 of them were raised semi intensively as shown in Table 2.6.  
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Table 2.6. Distribution of month of sampling and husbandry practices in surveyed local 

government after intervention. Number sampled (% of total in brackets). 

Month Jemaa Jos south Langtang  north Zangon  kataf Total 

October 0 329 (100) 175 (100) 2 (1.9) 506 (75) 

November 70 (100) 0 0 103 (98) 173 (25) 

Total 70 329 175 105 679 

Husbandry  
     

Pen 19 (27) 178 (54) 24 (14) 22 (21) 243 (36) 

Semi 

intensive 

51 (73) 151 (46) 151 (86) 83 (79) 436 (64) 

Total 70 329 175 105 679 

Distribution by state, local authority area and village  

The villages sampled after intervention are shown in Table 2.7. 

Table 2.7 Distribution of states, local government and villages pigs were sampled in the 

second year of survey after intervention. 

State Local government Villages Number % 

Kaduna Jemaa Zipak fada 69 10.2 

Zangon kataf Zonkwa 106 15.6 

Plateau Jos south Gyel 141 20.8 

Tanchol 188 27.7 

Langtang north Lanjah 98 14.4 

Lumbob 77 11.3 

 Total 679 
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Factors included in logistic regression analysis 

Initial logistic regression analysis encountered problems with balance across degrees of 

freedom, so levels were reduced for some variables and a simplified logistic regression 

conducted, as described in the methods above. Location was excluded from analysis because 

it was strongly and unavoidably confounded with month and season, due to serial sampling 

of villages (Table 2.4). The final list of variables included as factors, and their levels, were as 

follows (see Tables below for sample sizes): 

• Season: rainy (May-October); dry (November to April) 

• Management: intensive; penned; semi-intensive (including extensive) 

• Age: ≥ 9 months; 5-8 months; ≤ 4 months 

• Diet: commercial feed; commercial waste; assorted kitchen and commercial waste 

• Breed: native breed; cross breed including commercial 

Only factors retained in the model, and model constants, are reported in the results. 

Reference levels were selected to most clearly indicate the baseline for elevated odds. 

 

 

2.4.2 Parasite prevalence before intervention 

Oesophagostomum spp. 

Eggs of Oesophagostomum were found in samples from 31% of pigs in the study (95% CI 

28-34%). The final model included results from 767 pigs, with 13 excluded on the grounds of 

missing information, and provided a reasonably good fit to the data (Hosmer-Lemeshow χ2 = 

9.56, 6 d.f., p = 0.14; Nagelkerke’s r2 = 0.08). Significant factors are shown in Table 2.8. 

Oesophagostomum spp. eggs were more likely to be found in the rainy season, and in the 

faeces of pigs between 5 and 8 months old, and those kept semi-commercially, i.e. allowed to 

roam free. Gender and breed were not associated with the presence of Oesophagostomum 

spp. eggs in the faeces. The median density of eggs in samples testing positive was 50-250 

eggs per gram of faeces, with higher densities rarely recorded, and density profile similar 

between groups divided by risk factors, e.g. management type (Fig. 2.4 a, b). 
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Table 2.8. Significant predictors of patent Oesophagostomum infection in pigs before 

treatment, using binary logistic regression analysis. n = number of pigs at each level 

providing viable sample, B = marginal increase in odds relative to factor, OR = Odds Ratio, 

CI = 95% confidence interval, Prev. = prevalence. Reference level for each factor is in bold. 

OR are provided only for significant factors, and prevalence is pooled for statistically 

homogenous groups. 

 

Factor Level n B P OR CI Prev. CI 

Season Dry 230  24 19-31 

Rainy 537 0.64 0.001 1.90 1.29-

2.79 

34 30-38 

Management Intensive 146  23 19-28 

Pen 148 0.49 0.11  

Semi-

intensive 

473 0.93 <0.001 2.54 1.60-

4.03 

36 32-40 

Age ≥9 

months 

290    

≤4 months 130 0.29 0.207  45 37-54 

5-8 

months 

493 -0.52 0.005 0.60 0.41-

0.85 

26 21-31 

Constant   -1.75 <0.001  
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Fig. 2.4. Density of Oesophagostomum eggs in the faecal samples of pigs sampled: (a) 

overall, and (b) pigs kept in intensive versus pen or semi-intensive conditions (with some 

free-ranging). Proportion of samples with no eggs (0), 50-250 eggs per gram (1), 300-500 (2) 

and 550-750 (3) eggs per gram. 

 

 

 

 

(a) 

(b) 
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Metastrongylus 

Metastrongylus spp eggs were found in samples from 9% of pigs in the study. The final 

model included results from 767 pigs, with 13 excluded on the grounds of missing 

information, and provided a reasonably good fit to the data (Hosmer-Lemeshow χ2 = 0.000, 1 

d.f., p < 0.01; Nagelkerke’s r2 = 0.035). Significant factors are shown in Table 2.9. 

Metastrongylus spp. eggs were more likely to be found in the rainy season than in the dry 

season. 

 

Table 2.9. Significant predictors of patent Metastrongylus infection in pigs before 

treatment, using binary logistic regression analysis. n = number of pigs at each level 

providing viable sample, B = marginal increase in odds relative to factor, OR = Odds Ratio, 

CI = 95% confidence interval, Prev. = prevalence. Reference level for each factor is in bold. 

OR are provided only for significant factors, and prevalence is pooled for statistically 

homogenous groups. 

Wet 

Factor Level n B p OR CI 

Season Dry 230  

Rainy 537 1.146 0.002 3.147 1.53-6.451- 

Constant   -3.201 <0.001 
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Isospora 

Isospora oocysts were found in samples from 17% of pigs in the study. The final model 

included results from 767 pigs, with 13 excluded on the grounds of missing information, and 

provided a reasonably good fit to the data (Nagelkerke’s r2 = 0.078). Significant factors are 

shown in Table 2.10. Isospora oocyst were more likely to be found in the rainy season, 

 

Table 2.10. Significant predictors of patent Isospora oocyst infection in pigs before 

treatment, using binary logistic regression analysis. n = number of pigs at each level 

providing viable sample, B = marginal increase in odds relative to factor, OR = Odds Ratio, 

CI = 95% confidence interval, Prev. = prevalence. Reference level for each factor is in bold. 

OR are provided only for significant factors, and prevalence is pooled for statistically 

homogenous groups. 

 

Factor Level n B p OR CI 

Season Dry 230  

Rainy 537 1.569 <0.001 4.804 2.649-8.712 

Constant   -2.815 <0.001 
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Eimeria (coccidia) 

Eimeria oocysts were found in samples from 2.2% of pigs in the study. The final model 

included results from 767 pigs, with 13 excluded on the grounds of missing information, and 

provided a reasonably good fit to the data (Nagelkerke’s r2 = 0.077). Significant factors are 

shown in Table 2.11. Eimeria oocysts were more likely to be found in pigs fed commercial 

waste, than those fed commercial feed or assorted feeds including kitchen waste. 

 

Table 2.11. Significant predictors of patent Eimeria oocyst infection in pigs before 

treatment, using binary logistic regression analysis. n = number of pigs at each level 

providing viable sample, B = marginal increase in odds relative to factor, OR = Odds Ratio, 

CI = 95% confidence interval, Prev. = prevalence. Reference level for each factor is in bold. 

OR are provided only for significant factors, and prevalence is pooled for statistically 

homogenous groups. 

 

Factor Level n B P OR CI 

Diet Assorted 

kitchen 

and 

commercial 

waste 

715  

Commercial 

feed  

39 1.153 0.141 3.167 0.684-14.668 

Commercial 

waste 

13 2.866 <0.001 17.575 4.288-72.040 

Constant   -4.070 <0.001 

 

 



58 
 

 

Strongyloides spp. 

Strongyloides spp. eggs were found in samples from 7.8% of pigs in the study. The final 

model included results from 767 pigs, with 13 excluded on the grounds of missing 

information, and provided a reasonably good fit to the data (Nagelkerke’s r2 = 0.071). 

Significant factors are shown in Table 2.12. Strongyloides:spp eggs  were more likely to be 

found in native breed pigs, than in those of other breeds. The reference factors is commercial 

breeds and crosses, so native beeds were more than eight times more likely to be shedding 

Strongyloides eggs, even when management factors were taken into account. 

 

Table 2.12. Significant predictors of patent Strongyloides:spp eggs  infection in pigs 

before treatment, using binary logistic regression analysis. n = number of pigs at each 

level providing viable sample, B = marginal increase in odds relative to factor, OR = Odds 

Ratio, CI = 95% confidence interval, Prev. = prevalence. Reference level for each factor is in 

bold. OR are provided only for significant factors, and prevalence is pooled for statistically 

homogenous groups. 

 

Factor Level n B p OR CI 

Season Cross breed  218  

Native breed  549 2.117 0.000 8.303 2.572-26.805 

Constant   -4.272 <0.001 

 

Other parasite taxa 

The prevalence of Ascaris, Fasciolopsis, and Schistosoma were not significantly associated 

with any of the factors tested. Prevalence of these species was very low. 
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2.4.3 Prevalence of parasites before and after intervention 

Coprological examination of the 767 pigs before intervention indicated that 78% (n=595) 

were excreting parasite eggs at the time of sampling. The following parasite eggs were 

identified in the respective order, Oesophagostomum spp. 32% (n=242), Isospora suis. 17% 

(n=133), Metastrongylus spp. 9% (n=70), Strongyloides spp. 8% (n=60), Necator spp. 4% 

(n=30), Schistosoma suis. 4% (n=30), Eimeria spp. 2% (n=15), Ascaris suum 2% (n=12) and 

Fasciola spp 0.4% (n=3). One year after intervention, only 49 % (249/510) of pigs excreted 

parasite eggs. The result shows that the prevalence of some of the parasites decreased while 

others increased. Among those that decreased were Oesophagostomum spp. which decreased 

to 13% (n=68), I suis 16% (n=83), Metastrongylus spp. 2% (n=10), Eimeria spp 0.01% 

(n=3), Necator spp. 0.4% (n=2), Fasciola spp 0.2% (n=1), and Schistosoma spp 0 (n=0). The 

prevalence of Strongyloides spp. and Ascaris suum increased to 10 and 6% respectively. 

Interestingly Trichuris suis which was not observed before ivermectin intervention was 

observed at prevalence rate of 0.2%, however, Schistosoma spp. was not identified after the 

intervention as indicated on table 2.14. 
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Table 2.14. Percent prevalence of parasites before and one year after intervention, with 

95% exact binomial confidence interval (CI). Significant decreases are shaded grey. 
 

Parasites Before intervention C I 

(95%) 

After  

intervention 

C I (95%) 

Oesophagostomum spp. 32 28-35 13 0.11-0.17 

Isospora suis 17 15-20 16 13-20 

Metastrongylus spp. 9 7-11 2 1-4 

Strongyloides spp. 8 6-10 10 7-13 

Necator spp. 4 3-6 0.4 0-2 

Schistosoma suis 4 3-6 0 0-2 

Eimeria spp. 2 1-4 1 4-9 

Ascaris suum 2 1-3 6 0-1 

Fasciola spp. 0.4 0.1-1 0.2 0-1 

Trichuris suis 0 0-0.2 0.2 0-1 
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2.5 Discussion 

2.5.1 Gastrointestinal parasite taxa found and their regional context 

Ten parasite species belonging to the phylum Nematoda (Oesophagostomum spp., 

Metastrongylus spp., Strongyloides spp., Ascaris suum, and Trichuris suum), phylum 

Trematoda (Fasciola spp. and Schistosoma spp.) and phylum Apicomplexa (Isospora suis 

and Eimeria spp) were identified in this study. However, a previous study in Nigeria by 

Sowemimo et al. (2013) identified five types of parasites, including Trichuris suis, Ascaris 

suum, human hookworm, Stephanurus dentatus and Isospora suis, while Atawalna et al. 

(2016) in Ghana observed four types of parasites including coccidia Spp, Strongyle spp, 

Ascaris suum and Trichuris suis respectively. The larger spectrum of parasites observed in 

the current study compared to the other two studies may be because pigs examined in the 

current studies were raised under different husbandry system including extensive /semi 

intensively raised pig and intensive commercial and pen while the two other studies 

examined pigs raised intensively. The wide range of parasites found in the present study calls 

for some discussion of each genus in the context of the regional state of knowledge. 

 

Oesophagostomum spp. 

Oesophagostomum spp. was the most prevalent parasite observed in the current study, with a 

prevalence of 32 % and 13 % before and after the intervention. A similar result was also 

obtained by other authors including Weka and Ikeh (2009) in Nigeria and Matos et al (2011) 

in Mozambique as they reported Oesophagostomum spp as the common pig helminths in 

smallholder farms. Higher prevalence were obtained by other workers who got 75% and 74% 

(Kagira et al., 2012 and (Obonyo et al., 2012) in Kenya, however Sowemimo et al. (2012) 

observed Trichuris suis as the most prevalent parasites in pig in Ibadan, Nigeria. The high 

prevalence of Oesophagostomum spp. in the current study is likely due to the fact that the 

infective larvae L3, persist and is sustained in the environment for years especially in humid 

and unhygienic condition and as such becomes a constant source infestation to pigs 

(Karimuribo et al 2011; Nissen et al 2011). The difference in prevalence observed between 

the current and previous studies may likely be due to the different system of management 
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used which might affect the sustainability of the infective larvae in the environment and the 

seasonality of sampling (Nonga and Paulo 2015), while Kumsa and Kifle (2014) reported 

that the reduced prevalence in their study was due to treatment of ectoparasite by 

ivermectin. 

Strongyloides spp.   

The prevalence of Strongyloides spp. observed in the present study 8 and 10% before and 

after the intervention is similar to the findings other workers including prevalence’s of 5.2% 

by Jafaru et al. (2015), 4.2% by Roesel et al (2017) and 4.5 % by Kaur, et al (2017). The 

prevalence observed in the present study was however higher than 1.5% by Kumsa and Kifle 

(2014). Other workers observed higher prevalence such as, 26.6% by Obonyo et al (2012), 

and 23.3% by Inpankaew et al., (2015). The low prevalence observed in the current study 

might be due to the different atmospheric condition observed in the present study location 

compared to the study location of other studies as the larvae requires the right environmental 

temperature and moisture content (Obonyo et al., 2012). In the current study, pigs were 

sampled in Jos which has a lower temperature of 14-32 °C as well as Benue and Kaduna 

states which have higher temperatures of 15-36 °C which might not favour the development 

and survival of Strongyloides spp. eggs. The differences in prevalence’s might also include 

different system of production in the present study compared to free range pigs and different 

examination process exemplified by studies of Obonyo et al (2012) whom used free ranged 

pigs and carried out post-mortem examination in adult pigs while our study used stool 

microscopy. However kagira et al .(2012) reported higher prevalence of S. ransomi in a 

relatively dry division indicating the parasite is readily spread in location with presence of 

low rainfall due to direct transmission between host.  

 

Trichuris suis 

Trichuris suis was not observed in this study before the intervention. It was however 

observed at a low prevalence of 0.2% after intervention. This low prevalence has been 

observed in other African studies, namely 0.3%, by Zewdneh et al. (2013), 0.3% by Tomass 

et al. (2013), 2% by Atawalna et al. (2016) and 2.9% by Jafaru et al. (2015). However higher 

prevalence of 17%, 11.11%, 9.1 % and 5% have been observed byNissen et al. (2011), Dadas 
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et al. (2016) Inpankaew et al. 2014, and Azam et al (2015).The low prevalence observed in 

the current study agrees with the statement that the eggs are highly vulnerable to 

environmental conditions as the current study sampled pigs both during the wet and dry 

season. The harsh dry and high environmental temperatures will cause most of the eggs to 

undergo desiccation which will lead to high egg mortality during the dry season (Pitman et 

al., 2010). The parasite can infect countless number of pigs and spread infection within the 

environment (Roepstorff et al., 1998). The parasite is found worldwide with higher 

prevalence occouring in younger pigs in extensive system of husbandry (Nansen and 

Roepstorff, 1999, Roepstorff et al.2011) and causes significant losses in pig production 

(Roepstorff et al, 2011). The eggs, larvae and adult worm of both T. trichiura and T. suis 

cannot be differentiated by morphological structures (Hawash et al., 2015), the authors 

indicated that the mode of natural transmission of parasites between both humans and pigs 

have not yet been identified however previous studies by (Beer, 1971) experimentally 

transferred T.suis to humans. T.trichura has been sussefully established in pigs 

experimentally but the adult stage of the worm hardly persevere, and patent infection with T. 

suis has been recorded in humans (Nejsum et al., 2012). Molecular biology on pig-derived 

and human-derived Trichuris revealed that T. trichiura and T. suis are distinct species (Liu et 

al 2012, Callejon et al 2013). Transmission of trichus from pigs to humans has been 

observed in Uganda (Nissen et al., 2012), this zoonotoc transfer could not be established in 

Ecuador (Meekums et al., 2015).  

 

Ascaris suum 

Ascaris suum had a prevalence of 2 and 6% before and after the intervention which is similar, 

11.1% by Sowemimo et al., (2012), 10.23% by Weng et al. (2013), 8.1% by Mkupasi et al 

(2011) and 3.2% by Ngowi et al., 2014. The low prevalence observed in this study is 

contrary to results obtained by other workers, 65.46% by Laha et al. (2014), Nonga and 

Paulo. (2015) observed 50.9%, Ilić et al. (2013) observed 47.62%, Nissen et al. (2011) 

observed 40%, Kaur et al. (2017) observed 27.5%, while Kagira et al (2012) observed 

18%.The higher prevalence observed in the previous studies compared to the present study 

might be as a result of the different system of management, sanitary condition, breed of pigs 

and differences in the period of sampling. Ascaris suum is geographically located and infects 
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a large number of pigs globally and especially pigs raised under extensive system of 

management with poor hygiene (Dold and Holland, 2011, Roepstorff et al., 2011, Thamsborg 

et al., 2013). Higher prevalence has been associated with wet season, temperature and poor 

hygiene (Kagira et al., 2010). The low prevalence of A. suum in this study agrees with report 

of Obonyo et al. (2012) in Kenya who suggested that the large number of exposed pigs 

without patent infection may lead to a considerable underestimation of the true prevalence in 

pigs. Kumsa and Kifle. (2014), observed that infection with the parasite produces solid 

protective immunity which relies on degree and the length of exposure to parasite while the 

thick shelled eggs are resistant to harsh environmental conditions and chemicals and can 

remain infectious for prolonged duration (Rosypal et al., 2011). Presence of the disease in 

farms is associated with unprofitable production due to decreased growth, poor feed 

conversion and liver condemnation as infected liver is unfit for human consumption 

(Thamsborg et al., 2013, Mkupasi et al 2011). The possibility of human infection by the 

migrating larvae of this nematode (Lavikainen 2010) indicates a chance of human infection 

by the larvae of Ascaris suum. Human infection is acquired by consuming infected fresh 

vegetables cultivated with swine manure or consumption of improperly cooked infected 

cattle and chicken liver (Iliac et al., 2013) and both cattle and chicken can serve as paratenic 

hosts for the nematodes (Maruyama et al., 1996). The adult worms of both A. lumbricoides 

and A. suum cannot be differentiated morphologically (Leles et al., 2012., Liu et al., 2012, 

Peng et al., 2012) and differs by 1.9% sequence divergence only in the mitochondrial 

genome (Liu et al., 2012), and has led to the question of whether they are of the same or 

different species (Leles et al., 2012., Peng et al., 2012). Ascaris suum has similar protein 

molecules with that of Ascaris lumbricoides and may be the likely reason why A.suum is able 

to infect human (Leles et al., 2012). Experimentally it has been established that both Ascaris 

suum and Ascaris lumbricoides can infect either of the host ie pigs and humans but host 

preference is according to effectiveness of establishing disease (Nejsum et al., 2012, Betson 

et al., 2013) Inflammation of the liver has been documented in humans infected by Ascaris 

lumbricoides and pigs infected with Ascaris suum and Ascaris suum has been been reported 

to cause visceral larva migrans occasionally in humans (iliac et al., 2013). Hence it is likely 

that the semi extensively raised pigs in the current study location may act as reservoirs of 

ascaris infection to humans as also reported by Tomass et al. (2013). 
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Metastrongylus spp.  

The prevalence of Metastrongylus spp. was 9 and 2 %, before and after the intervention is 

same as 9.8%, by (Kagira et al (2010), which is lower than 61% by Waiswa et al. (2007) 

41.1% by García-González et al .(2013), 34% by Yagoob et al. (2015), 26.6 by Inpankaew et 

al (2015), 11% by Kagira et al .(2012) and 7.6% by Roesel et al .(2017). This is higher than 

0.3% observed by Obonyo et al (2013) and 0.99% by Okorafor et al (2014). The higher 

prevalence observed in the previous Nigerian study might be as a result of different 

diagnostic method carried out; they used the post-mortem examination to identify eggs, 

which is more sensitive than the coprological test or stool microscopy employed in the 

present study. The lungworm causes significant respiratory disease in domestic and wild 

boars (Sus scrofa) (Garcı ´a-Gonza´lez et al 2013). The worm has low fecundity which 

makes it difficult for routine corprological examination to detect eggs (Roepstorff and 

Nansen 1994, Stewart and Hoyt 2006, Kagira et al., 2010). Another reason might be because 

the current study examined pigs under different system of production while the previous 

study involved free ranging pigs. The season of sampling also affect the prevalence of the 

parasite egg as their presence is dependent on the availability of the intermediate host the 

earthworm. The prevalence of infection requires higher rainfall and altitude (Garcı ´a-

Gonza´lez et al., 2013, Kagira et al., 2012, Forrester et al., 1982). Metastrongylus spp. needs 

to be taken up by the  intermediate host (earthworm) in order to have a complete their cycle, 

and serves as a threat to livestock and humans and can cause lung diseases especially in 

mixed infections along with other pathogens casing fatality to pigs (Gassó et al .,2014). The 

presence of the lungworm egg in soil including the L3 larvae in the earthworms can persist 

for longer duration serving as a continuous source of infection to scavenging pigs (Kagira et 

al., 2012). The result also indicates that there was a significant relationship between system 

of management and likelihood of having Metastrongylus spp. eggs (OR=0.63). However pigs 

kept on intensive commercial system (0.14) had higher proportion of the eggs compared   

those in semi intensive system (0.09). This could be because the present study observed most 

of the farms were located and built on farm lands cultivated with forages or pasture with 

thick vegetation and the sampling was carried out in the rainy season which favours earth 

worm development. The prevalence of Metstrongylus spp. in the current study was higher in 

piglets (0.14) compared to growers (0.07) and adults (0.1) which agrees with observation of 

other authors (Garcı ´a-Gonza´lez et al., 2013) as they reported that the degree of infection is 
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higher in younger animals due to their increased need for protein necessary for growth 

(Humbert and Henry, 1989) and due to development of immunity (Foata et al., 2006, Kagira 

et al., 2012). 

 

Necator spp. 

The prevalence of Necator spp. was 4 and 0.4% before and after the intervention, which is 

similar to the prevalence of 5.9 % observed by Sowemimo et al. (2012) in Ibadan Nigeria. A 

higher prevalence of 33% was reported by Nwoha and Ekwurike. (2011) in intensively 

managed pigs in Nigeria. Studies of Steenhard et al. (2000) has indicated the likelihood of 

pig stransporting the parasite to human host since pigs can feed oh human faeces. The 

existence of the parasite in study location can serve as a public health risk to humans 

(Sowemimo et al., 2013). 

 

Fasciola spp. 

The prevalence of Fasciola spp. in the study was 0.4 and 0.2 before and after the 

intervention. This is lower than 30% by Inpankaew et al. (2015), 14.6% by Dey et al., 

(2014), 3% by Kagira et al. (2012), 1.8% by Tomass et al.(2013) and 1% by Azam et al. 

(2015). Infection with Fasciola spp. is dependent on the availability of the snail intermediate 

hosts to be able to inhabit the snail and acclimitaize in order to enhance spread or transfer of 

infection among livestock (Mas –Coma et al., 2005). The presence of water bodies in form of 

dams or irrigation channels in urban and pre-urban crop production as observed in some of 

the study sites in the present study provides appropriate habitation for the snail. Hence 

livestock get infected as they graze along such locations or environment, because they get 

exposed to metacercaria of Fasciola spp. in the process of grazing (PHAO 2011). Therefore, 

the presence of water body aids in the epidemiology of the free swimming larvae and the 

snail and other factors that aid transfer include cultivation of crops, rice and vegetables with 

animal manure (Roepstorff et al., 1998). This was commonly seen in the study location and 

we also observed livestock (cattle, sheep, and goats) drinking water along the river, stream 

and dams, and some of them were resting along the river sides. The movement of such 
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livestock into those locations will likely intoduce parasites into the regions and infect the 

water body with the parsite eggs or oocyst which will infect free scavenging pigs (Tomass et 

al. 2013).  

 

Schistosoma spp.  

Schistosoma spp. observed in the present study was 4% before the intervention which is 

similar to 7.3% observed by Dey et al (2014), while Permin et al (1999) observed a lower 

prevalence of 0.4%. Schistosoma spp. infection depends on water as a medium for infection 

in both the intermediate and final host and the geographic distributions of the intermediate 

snail hosts. The study sites visited had dams and irrigation channels which the pigs scavenge 

along as they graze the path in search for food and water and are exposed to cercariae in the 

process. The bodies are places where human partake in activities like fetching, washing, and 

swimming and faecal matter are depositied around the sites of which pigs consume such 

faecal matter and could be infected with parasite eggs.  

Domestic and wild animals serve as transport host for zoonotic disease in endemic areas. 

And the transfer of schistosomiasis relies on accessibility and abundance of permissive hosts 

as exemplified by studies of Yi-Xun He et al. (2001), Boes et al.(2000) as they reported ted 

that domestic pigs wre transport host for Schistosoma japonicum while Strandgaard et 

al.(2001) reported that 12.2% of  pigs were found to excrete S. mekongi eggs and acted as 

definitive host for the parasite eggs,  

 

Isospora suis 

The prevalence of Isospors suis. was 17% and 16% before and after the study, this 

prevalence is higher than1.69% obtained by Tomass et al (2013) in scavenging pigs, 3.50% 

by Laha et al .(2014) and 6.35% by Weng et al .(2013) in china in indoor pigs however 

Okorafor et al. (2014)  got 20.79%. The difference in the prevalence observed in the previous 

study may be attributed to the different management system, the epidemiology of the 

particular spp, method of oocyst recovery (Tomass et al., 2013) as well as breed of pig, feed 
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types offered to pigs, the different atmospheric condition and veterinary services offered in 

the various countries (Jafaru et al.,2015).  

 

Eimeria spp. 

The prevalence of Eimeria spp. in the present study was 2 and 0.6%, before and after the 

intervention, this is lower than 6.3%, 56.4%, 51.7% observed by Sowemimo et al (2012), 

Dey et al. (2014) and Eyo et al. (2014). The current study observed that for pigs kept in pens 

and intensive commercial system of management, the pens and rooms were in a poor state of 

hygiene as the floors were wet and moist with faeces and feed mixed on the floor, the moist 

floor will promote sporulation of oocyst which the dam and the piglets will easily pick up as 

they try to consume the feed from the wet floor. The pigs under the semi intensive system of 

management are equally exposed as some of them are tethered under unsanitary conditions. 

The present study observed that the prevalence of the oocyst in the pigs kept in pen and those 

under the semi intensive system was at the same prevalence of 2.7 each before the 

intervention; interestingly none was seen in pigs kept under the intensive system. The 

stocking density in the pens and intensive commercial farms was high and may likely play a 

role in the high prevalence in the two systems (Kumsa and Kifle, 2014). However equal 

proportion of the oocyst was observed in the piglets and the adults (3.1 and 3.2) before the 

intervention indicating they are both equally exposed to the same risk factor for spread of 

oocyst. This difference in prevalence of Eimeria spp. is likely due to the epidemiological 

differences of Emeria spp epidemiology and the difference in diagnostic methods used by the 

different studies (Tomass et al., 2013). 
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2.5.2 Prevalence and risk factors 

Coprological examination before and after ivermectin intervention indicated that 78 % and 

49 % of the pigs excreted various parasite eggs respectively. This is lower than the 

prevalence of 91 % and 84.2 % obtained previously by Nissen et al. (2011) in Uganda and 

Kagira et al. (2012) in Kenya, in free ranging pigs. Obonyo et al. (2012) also observed a 

prevalence of 83% in Kenya. However, the rate of 78 % obtained in this study before the 

intervention is higher than the 61.4 %, 28 % and 25 % observed respectively by Roesel et al. 

(2017) in Eastern and Central Uganda, Atawalna et al. (2016) in Ejisu, Ghana, and Jufare et 

al. (2015) in Bishoftu, Ethiopia. 

Differences in the prevalence of parasites in the current study compared to others are likely 

due the different husbandry techniques, breed of pigs, nutrition, climatic conditions, sample 

size, age of pigs and inherent characteristics such as host immunity, in the study regions 

(Nissen et al., 2011, Obonyo et al 2012, Jufare et al., 2015). The time of sampling can also 

affect results, as exemplified by Kumsa and Kiffle (2014), who studied pigs in the dry 

season only, while the current study examined animals in both dry and wet seasons. 

 

Season 

Oesophagostomum spp., Metastrongylus spp., and Isospora spp. were all significantly more 

common in the rainy months than the dry months. Other workers, including Obonyo et al. 

(2012) in Kenya, Kumsa and Kifle. (2014) in Ethopia and Laha et al. (2014) in India, also 

reported that there was a statistical significance difference between month of sampling and 

the prevalence of parasites due to variation in temperature and rainfall, occurring more in 

months when weather favoured the growth and establishment of the larval stages of the 

parasites. Laha et al. (2014) similarly reported a peak of parasitism in August as it is the 

month with high moisture and temperature making it convenient for eggs to hatch and larvae 

readily available and assesible to be ingested by pigs. Kagira et al. (2012) had also reported a 

positive correlation between prevalence of nematode infections in pigs and amount of 

rainfall. The authors had previously reported that the prevalence of parasites varies according to 

climatic and geographic location and the immune status of the host and parasite. 
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Management system 

Oesophagostomum eggs were more likely to be found in pigs managed semi-intensively than 

those penned or kept in an intensive commercial system. In this study, the semi-intensive 

category includes pigs kept more or less extensively, i.e. free-ranging for part of the time. 

These pigs were often tethered during the rainy season and/or at night, whereas penned or 

commercially kept pigs were never allowed to range free. This finding therefore suggests that 

Oesophagostomum spp. infection is generally acquired away from the housing, in soil on 

pasture and village lands. The absence of a significant association between management 

system and other parasitic infection such as the protozoa Eimeria and Isosopora, and the 

earthworm-borne nematode Metastrongylus sp., suggests that these might be acquired in the 

housing rather than, or as well as, when free-ranging. The lower prevalence of species other 

than Oesophagostoumum, however, could have limited the power of the study to eludicate 

management-related factors, especially given interaction with diet. 

 

Nissen et al. (2011) also found higher prevalence of Oesophagostomum in outdoor and semi-

intensively kept pigs. Oesophagostomum spp. worms have high rates of egg excretion which 

are sustained and promoted in moist warm and humid conditions under poor hygiene, 

especially in outdoor systems (Nissen et al., 2011). Most of the pigs kept under the semi 

intensive system of management are left to scavenge in search of food while some are 

tethered to graze on the available pasture hence they are exposed to the parasite eggs in the 

process. Zewdneh et al. (2013) and Nonga and Paulo. (2015) had previously reported that the 

extensive system of management with low sanitary measures is risk factors for helminth 

infections. Bartosik et al (2012) also indicated a higher prevalence (82.7%) of coccidian 

oocysts in extremely extensively managed pigs. The tropical climate and high temperature 

and humidity observed in the study area probably favour the development and sporulation of 

the protozoan cyst. It is possible that the pens and commercial housing in the present study 

area permitted adequate contamination, development and contact with infective stages to 

support transmission at high levels. 
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Age 

The study showed that Oesophagostomum was more common in older pigs than in those 

under 9 months of age while there was no association between age and patent infection for 

other parasite species. 

In contrast, Roepstorff et al. (2011) and Shima et al. (2014) reported that younger pigs are 

mostly infected by parasitic infection due to build up of immunity in older pigs, while 

Chaisiri et al. (2017) found that all age groups are equally infected with parasites. The piglets 

in the current study, however, were 4 months of age or less, while Kagira et al. (2012) and 

Azam et al. (2015) in their studies categorized pigs less than 4 months as growers. 

Oesophagostomum is a relatively slowly developing and long-lived worm species (see 

Appendix 2), and older pigs would have more opportunity to encounter infective stages, 

which might explain the positive age-prevalence relationship observed here. It might also be 

that the pigs in theis study were, for nutritional or other reasons, less able to mount effective 

immune responses to this parasite than pigs in other studies. 

 

Diet 

The type of feed given to the pigs was a significant predictor of patent Oesophagostomum 

spp. and Eimeria spp. infections. Pigs fed commercial waste were more likely to have 

detectable Eimeria spp. oocysts in their faeces compared with those fed a mixed diet 

including commercial and kitchen waste, or a proprietary commercial pig diet. Commercial 

waste in the present study comprised crop residues from local feed miller’s inlcuding rice 

bran, soya bean flour, maize bran, guinea corn, rice husk, and wastes from locally brewed 

guinea corn or millet beer. 

Kagira et al. (2008) reported significantly higher prevalence of Oesophagostomum spp. and 

Trichuris suis infections in farms that fed pigs with non-commercial feeds. The type of feed 

given to pigs in the present study including kitchen waste and commercial waste is similar to the 

type fed to the pigs studied by Kagira et al (2008). The feeds have lots of fibre especially non-

starch polysaccharides (NSPs), which promotes the development of Oesophagostomum spp. 

(Petkevicius et al., 1997). The effect of feed on prevalence of parasites in pigs has been reported 



72 
 

 

by Bjorn et al. (1996), where pigs fed on ground barley and protein had higher egg counts of 

Oesophagostomum spp. and Ascaris suum as against pigs fed commercial pelleted feed. It has 

been shown that the host gives priority to the reversal of the pathophysiological effect of 

parasite infection over the consequences of parasitism over other bodily roles, and good diet will 

promote resilience (Bjorn et al., 1996). It is unclear why diets based on commercial waste, but 

not those with mixed commercial and kitchen waste, should increase Eimeria infections, nor 

why this effect should be detected for Eimeria but not for other parasites such as Isospora or 

nematodes. Diet is confounded with management system, but both were included in the analysis 

and this interaction is therefore taken into account. Details of the amount and source of different 

feeds in mixed diets were not quantified in this study or included in the analysis, and variation in 

the specific diet of different pigs might have led to this unexplained association. 

 

Breed 

The indigenous breed was more likely to be shedding Strongyloides spp. eggs than cross-

bred and commercial breed pigs. This could be because most of the indigenous breeds were 

raised semi intensively, hence as they scavenge in search of food, they are exposed to 

parasites, and therefore the system favoured the development of those parasites compared to 

the cross breeds whom were raised intensively. The fact that husbandry system was included 

in the logistic regression, however, makes this a less likely explanation. Estrony et al. (1997) 

also reported significantly higher (p<0.001) prevalence of helminth infections in local breeds 

than in cross-bred animals in a semi-arid zone. Contrary to our finding, Kagira et al. (2012) 

did not find a significant association between breed of pigs and prevalence of parasite 

infection, and they considered confinement of pigs to be the reason for the lack of association 

between breed and prevalence. Exotic breeds have better production traits compared with 

local breeds (Rekwot et al., 2003), but this could work against strong immunity as resources 

are channeled preferentially into production. It is possible that factors not taken into account 

in the current analysis, such as dietary and management differences beyond the general 

categories included, could explain lower prevalence in commercial breeds. For example, 

confined pigs of commercial breeds might be afforded more hygeinic environments than 

native breeds because of their perceived vulnerability or higher value or production goals, 

and this could influence infection pressure. Further studies are needed to evaluate detailed 
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management and husbandry practices and how they affect infection, health and performance 

in African pig-rearing systems, especially in village-based smallholder contexts. 

 

Sex 

The sex of the pigs did not significantly affect the occurrence of any of the parasites in the 

study area. Although not a significant finding, parasite prevalence tended to be higher in 

females compared to males. Other workers have found a bias in parasite prevalence in favour 

of female pigs, the differences being attributed to large female sample size, decreased 

resistance in females (especially in relation ot pregnancy and lactation), and host genetic 

resistance (Tomass et al/. 2013, Dey et al., 2014, Nonga and Paulo 2015, Azam et al., 2015, 

and Atawalna et al 2016). Futhermore, females stay on farms for longer periods than males, 

of which few are kept for breeding and the rest finished and slaughtered. Hence females 

might accumulate more opportunities to get infected. The higher prevalence of 

Oesophagostomum eggs in pigs over 9 months of age in the present study supports this 

theory, with age presumably being the dominant effect over sex given its statistical 

significance. 

 

Deworming 

The results indicated that pigs dewormed with ivermectin had lower prevalence of infection 

with some nematodes in the second sampling period approximately one year later. This was 

most evident for Oesophagostomum spp., with a prevalence of 32 % before deworming and 

13 % after deworming. Metastrongylus spp. was found in 9 % of pigs before deworming and 

2 % after derworming. This agrees with the findings of Kagira et al. (2012), who reported a 

lower burden of nematodes associated (p<0.05) with a history of deworming. The authors 

indicated that the prevalence of Oesophagostomum spp. and Ascaris suum was significantly 

lower (p<0.05) in pigs treated with ivermectin. Kumsa and Kifle (2014) also observed that 

treatment of ectoparasites with ivermectin decreased the prevalence of helminths in pigs. 

Mkupasi et al. (2013) reported that the combination of Ivermectin and Oxfendazole 

significantly decreased faecal egg count of Ascaris suum, Strongyles spp and Trichuris suis 

(p < 0.001) 14 days following treatment. The author’s suggeted that combining the two drugs 
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is helpful amongst options for parsite contol in pigs. Roesel et al. (2017) reported that giving 

the pig’s ivermectin injection promotes production benefits especially if piglets are treated in 

order to decrease parasite burden and boost animal’s immunity. However, in the current 

study, the prevalence of A. suum (before 0.02 and after 0.06) and Strongyloides (before 0.08 

and after 10) increased after the intervention. The reason might likely due to the month of 

sampling as most of the sampling done after the intervention was in October (75%) 

compared to November (25%). The rains were still around in October as the dry season starts 

in November. Studies have indicated that prevalence of gastrointestinal parasites was 

associated with rain, which might have contributed to the apparent increase in the prevalence 

of parasites at the period most animals were sampled (Laha et al 2014). If this is the case, the 

decrease in Oesophagostomum and Metastrongylus infection is all the more remarkable, 

especially also as the coprological test used in the second year was more sensitive than in the 

first. On the other hand, Schistosoma suis faecal egg prevalence also decreased after 

intervention in spite of the fact that ivermectin has no efficacy against trematodes. Results for 

parasites with very low prevalence, including Schistosoma, could be spurious in spite of 

apparent statistical significance, and should be given less credence than for 

Oesophagostomum, the most common parasite in this study and most lilely to affect pig 

health and production in the study area. 

Prolonged effect of a single deworming treatmet on prevalence of infection with nematodes 

in the present study was expected, given short parasite life span and ample opportunities for 

re-infection. It is possible that other factors affected re-infection rates, for example increased 

knowledge and awareness as a result of discussions and education during the researchers’ 

visit. This could have made owners more careful in managing risk factors, and possibly 

obtaining other treatments (although commercial anthelmintics probably remained out of 

practical and financial reach of most of the farmers in the study). More consistent planned 

interventions than a single deworming treatment per year are likely to be necessary to 

sustainably support pig health and production. Further studies exploring practical options and 

their effects, including through education and management change, are needed. 
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2.6 Conclusions 

The results of the study showed a wide spectrum of gastrointestinal parasites infecting pigs in 

the study area of north central Nigeria including some that have zoonotic potential. The 

prevalence of infection was associated with system of management, deworming activity, 

breed of pigs and study location. Financial and livelihood losses will occur due to the 

presence of gastrointestinal parasites, through condemnation of some vital organs at 

inspection, decreased live weight gain, and longer periods required to reach market, which 

will increase the cost of production and add to the cost of raising pigs, with particular 

reference to feed. Higher feed costs could push producers away from commercial diets and 

towards waste products, further increasing risks of infection and driving a negative cycle 

between performance and management. The occurrence of the gastrointestinal parasites 

observed, especially Oesophagostomum at high prevalence, is likely to be one of the factors 

responsible for low productivity of pigs in the study area. There is, therefore, an urgent need 

to implement control strategies to integrate improved nutrition with appropriate anthelmintic 

treatments to increase pig productivity. Cost-effective strategies to control gastro-intestinal 

parasites of pigs in north central Nigeria should be formulated, taking into consideration all 

the parameters that significantly affected the occurrence of parasites in the present study 

areas. Farmers should be informed and trained to improve husbandry techniques, using 

evidential risk factors to drive training priorities. Further epidemiological studies on the 

various husbandry techniques are needed in other parts of north central Nigeria to identify 

the zoonotic and economic importance of pig parasites, and implications for livelihoods and 

public health in Nigeria.  

 

Limitations of the study 

The study population was purposively selected, and this process is prone to researcher bias. 

Other approaches are possible, including propeective randomised sampling with various 

forms of stratification and weighting, to produce a more representative population for 

epidemiological or intervention studies. However, in the present study, logistical and security 

concerns limited the sampling frame. Moreover, a randomized design would have meant 

visiting villages with much less confidence in farmer willingness to participate, and this 
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would have reduced sample size. More rigorous sampling stragegies, therefore, are unlikely 

to be practical in more difficult geographic, economic or geo-policital study areas. 

Compromises in study design will be needed if data are to be obtained from such areas, 

where levels of poverty and disease are often the highest and farmers in greatest need of 

assistance through evidence-based interventions. 

The intervention study also had limitations. In the first year of study, the McMaster method 

was used to determine parasite prevalence, while in the second year the mini-Flotac system 

was used, hence the results were difficult to compare effectively, especially in terms of 

effects of the treatment intervention. Not all the animals treated with ivermectin during the 

first year could be sampled in the second year of study as some of them were sold off, eaten 

or slaughtered once they reached the market weight, or when family needs arose. This limits 

the ability of the study to determine to what extent was ivermectin effective. All available 

pigs were treated, and while the second sampling occasion included some treated and some 

non-treated pigs, the intervention itself was not matched by a control population. Benue state 

was not visited the second year due to logistic reasons, leading to additional mis-matching 

between pre- and post-intervention populations. 

A case-control study, whereby pigs matched for age, sex, management system and other 

variables, are randomly treated or not, would be much more powerful in determining the 

effect of treatment on infection rate, health and performance. The risk factors elucidated 

during the present study provide valuable information to design such case-control 

interventions, especially to select criteria for matching. 
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3.1 Introduction 

 

Infections caused by helminths and protozoa are the major causes of human diseases in most 

countries of the tropical region (Keiser and Utzinger, 2010). More than a quarter of the 

world’s population is infected with intestinal parasites, of which 450 million people, 

particularly in low income countries harbour numerous parasite species (Robertson et al., 

2013). Though these parasites have almost been controlled in developed countries, an 

estimated 2 billion people, especially children from areas with poor sanitation, suffer from 

continual gastrointestinal parasite infection with associated morbidity (Hotez et al., 2014). 

Most of such neglected tropical diseases (NTDs) occur in areas with poor sanitation and 

hygiene; however, increased travel and migration have made soil-transmitted helminths 

(STH) infections more common in non-endemic areas (Lamberton and Peter, 2015). The 

STH infections disproportionately have an effect on people of low socio economic status, 

where the consequence of infections add to and promote the persistent rounds of poverty 

(Gutman et al., 2010). 

Intestinal helminths have co-evolved together with their mammalian hosts over several 

hundred million years (Gause et al., 2013). Pig production in Africa is increasing, following 

the growing demand for meat, income generation and their faster growth rate compared to 

other livestock (Assana et al., 2013). Growth in pig production in urban areas is likely to 

increase transmission of Taenia solium (Mutua et al., 2010). Taenia solium is a significant 

constraint on profitable pig farming in poor rural societies and poses as a serious public 

health threat in communities where risks factors for their transmission are common and the 

life cycle of the parasite is sustained and facilitated due to favourable habitats (see chapter1).  

 

3.1.1 Economic significance of gastro-intestinal parasites in humans 

Estimates indicate that about 1.45 billion people are infected with STHs globally and 5.19 

million show associated morbidity (Pullan et al., 2014; Hotez et al., 2014). Of the 1.45 

billion infections caused by STHs, estimates indicate that 438.9 million individuals were 

infected with hookworm; 819.0 million of them with Ascaris lumbricoides, and 464.6 million 

with Trichuris trichiura (Pullan et al., 2014). Of the 4.98 million years lived with disability 

(YLDs) attributable to STH, 65% are attributable to hookworm, 22% attributable to A. 

lumbricoides and 13% attributable to T. trichiura (Pullan et al., 2014). Human hookworm 
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infections due to Necator americanus and Ancylostoma duodenale are found globally, 

particularly in tropical and subtropical countries with poor low socioeconomic status 

(Jiraanankul et al., 2011). Two of the geohelminths, A. lumbricoides and T. trichiura, have 

been reported to infect over a billion people globally, although only sporadic cases are 

indicated in developed countries (Nejsum et al., 2012). Ascaris infection is caused by the 

giant roundworm A. lumbricoides, having an estimated 760 million cases globally (Pullan 

and Brooker, 2012). The parasite is widespread in developing countries and has been 

estimated to affect 14.6% of the world’s population (Pullan and Brooker, 2012). Ascaris 

lumbricoides is very similar to A. suum of pigs and the two are morphologically 

indistinguishable, and differ by only 1.9% sequence divergence in the mitochondrial genome 

(Liu et al., 2012a). The estimated 460 million people infected with T. trichiura are mostly 

domiciled in low income countries of South and South-East Asia, Sub-Saharan Africa and 

Latin America (Pullan et al., 2014). 

Schistosomiasis and fascioliasis are two diseases caused by trematode worms and are of 

importance globally, with an estimated 207 million individuals infected with schistosomes, 

93% of whom live in sub-Saharan countries, among a total 779 million people at risk 

(Steinmann et al., 2006; Fürst et al., 2012). Schistosoma infects people in low income 

countries where the availability of water bodies permits snail development and low sanitation 

promotes spread of infection (G/hiwot et al., 2014). About 252 million people are likely to be 

infected with the disease globally (Utzinger et al., 2015). An estimated disease burden due to 

schistosomiasis was 3.31 million during 2010 (Hotez et al., 2014). Approximately 90% of 

the world's estimated 207 million cases of shistosomiasis occur in sub-Saharan Africa, 

including Nigeria (29 million), Tanzania (19 million), the Democratic Republic of the Congo 

and Ghana (15 million) (Steinmann et al., 2006). 

Fascioliasis is presently been considered an emerging / re-emerging disease in many regions 

of Latin America, Africa, Europe, and Asia, in both at animal and human (Lotfy 2013). In the 

last two decades is has been indicated as a significant public health problem with an 

estimated 2.4 million  to 17 million people, or even higher, being infected especially in Asia, 

Africa and South America (Mas-Coma et al., 2014). 

Helminth infection, especially in children, leads to increase in dropout rates from the 

education system (Miguel and Kremer 2003; Kamalu et al., 2013), including disadvantaged 

adults, which will affect the economic growth of such communities and nations due to 
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reduced salary earning capacity (Bleakley, 2007; Hotez et al., 2008). Although most 

infections are asymptomatic, most of the millions infected experience chronic morbidity (de 

Silva et al., 1997). Considerable chronic infections with A. lumbricoides, hookworms 

(Ancylostoma doudenale or Necator americanus) and T. trichuria result in malnutrition and 

anaemia, diarrhoea, impaired growth and development, and can lead to death (De Silva et al., 

1997; Awasti et al., 2003; Hotez et al., 2004; Bethony et al., 2006; Hall et al., 2008; Dold 

and Holland, 2011). Schistosomiasis also causes substantial intestinal, liver and genitourinary 

pathology (Hotez et al., 2009).  

 The STH, principally A. lumbricoides, hookworms (N. americanus, and An. duodenale) and 

T. trichiura, are prevalent in Nigeria and commonly reported in the majority of sub-Saharan 

Africa. (Kirwan et al., 2009 a b; Uneke et al., 2007). Surveys of gastrointestinal parasites 

among humans have been carried out and results indicate that helminths and protozoa are 

common and cause gastrointestinal parasitism globally, especially in Africa, as presented in 

Table 3.1. 
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Table 3.1. The prevalence (%) of gastrointestinal parasites in human populations in 

some African countries. 

 

Parasites Authors and year of publication followed by countries below 
 

Maizig

o et al., 

2010 a 

Maizig

o et al., 

2010b 

Kipyege

n et al., 

2012 

Mbuh et 

al.,  

2012 

Humphrie

s et al., 

2011 

Kidane 

et 

al.,2014 

Fentie et 

al.,  2013 

 
Tanzania Tanzania Kenya Cameroon Ghana Ethiopia  Ethiopia 

T. trichiura  
 

1.9 11.8 1.2 3.1 
 

A. 

lumbricoides 

 
 

8.6 19.3 
 

5.7 18.5 

Hookworm  25.2 38 1.3 14 45 3.9 23.5 

Enterobius 

vermicularis 

  1.9 
  

1.3 
 

H. nana 
    

3 1 
 

Taenia 

saginata 

 
 

5.3 
  

0.8 
 

Taenia 

spp./solium* 

 
   

1.1 * 
  

Schistosoma 

mansoni 

5.6 64.3 
   

3.1 16.7 

Entamoeba 

histolytica 

**/ E. dispar 

13.6 
 

58.3 
  

23.2** 
 

Entamoeba 

coli 

 
 

5.9 
    

Giardia 

lamblia 

6.9 
 

16.6 
  

16.9 
 

Isospora 

belli 

 
    

4.4 
 

Fasciola 

spp.  

 
     

3.3 
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3.2.2 Prevalence among human populations in Nigeria 

 

Few studies have shown the gastrointestinal parasites found among human population in 

Nigeria. Data so far are presented in Table 3.2. The Edungbola (1988-90) reports indicated 

that about fifteen million Nigerians are infected with ascariasis, whereas several thousand of 

them have hookworm, trichuriasis, enterobiasis, strongyloidiasis, tapeworm and other 

helminthic infections (Odening, 1976; Kamalu et al., 2013). The less commonly occurring 

ones that have been recorded include Taenia spp., Hymenolepis nana, Dicrocoelium traspes 

and E. vermicularis (WHO, 1994). The intestinal helminths have remained a most important 

problem in rural communities in Nigeria, which has arisen due to the low socio-economic 

status and absence of basic facilities including pipe borne water and other hygienic amenities 

(Okon and Oku, 2001). Rural communities are severely infected principally due to 

indiscriminate faecal deposition and unawareness of health rules (Agi and Awi-Wadu, 2003). 

Lack of knowledge and unconcerned conducts are among contributory factors associated 

with occurrence of the infection in the country (Auta et al., 2013). 
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Table 3.2 Prevalence (%) of gastrointestinal parasites among human populations in 

Nigeria. 

Parasites Borno  Edo  Anambr

a  

Ibadan,  Jos Benin Plateau  

Biu and 

Kofur., 

2010 

Mordi 

and 

Nwodi, 

2007 

Ogbuag

u et al., 

2010  

Alli et al., 

2011  

Ekong et 

al., 2012 

Akinbo et 

al., 2011,  

Mamman 

and 

Rueben 

2014 

Hookworm/ 

N.americanu/

duodenale* 

50 10 27.4 35.8  32.4 2.21*  

S. mansoni 30    1.1  4.18 

H. nana 15       

A. 

lumbricoides/,

spp** 

5 30 25.2 55.5 4.5* 51.4 1.91 

S.stercorlis  1  2.3 0.09  0.33 

E. 

vermicularis 

 1  3.5    

T.saginata/, 

spp*** 

    1.5*   

T. trichiura  7 12.6 2.9  10.8  

Entamoeba 

coli 

 6      

Giardia 

lambia 

  12.4     

lodoamaeba 

butschlii 

       

Entamoeba 

histolytica 

 4 43.9   5.4  

Footnote =*=Ancylostoma duodenale*, Ascaris spp**, Taenia spp*** 

 

The above data indicate that gastrointestinal helminths abound in the country; however, with the 

increase in pig farming in Nigeria as indicated in chapter one, there is a paucity of information 

on the prevalence and spectrum of gastrointestinal parasites found in pig farming communities of 

the country, where endemic zooonses especially helminths are likely to succeed due to 

favourable environmental and sanitary conditions.  
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3.2 Aims of the study 

The aims of this study are: 

• To investigate medically relevant gastrointestinal parasites of zoonotic importance 

particularly T.solium among pig farmers, by coprological examination in three pig 

farming community of north central Nigeria, and to improve understanding of their 

epidemiology and disease transmission in order to guide against effective control. 

• To investigate the risk factors for parasitic infections in respondents by obtaining 

information on some socio demographic factors in the study area. 

 

3.3 Materials and methods 

Ethical clearance was obtained from the Ethical/ Research and Publication committee of the 

National Veterinary Research Institute Vom, and Jos University teaching hospital prior to 

commencing PhD studies in Bristol and it was renewed from the Ethical/ Research and 

Publication committee of the National Veterinary Research Institute Vom while studies had 

commenced. Permission to conduct studies in the selected villages was obtained from the village 

heads and district officers. 

A cross sectional survey was conducted in three pig producing states in north central Nigeria 

comprising Plateau, Kaduna and Benue, from March 2012 to October 2013 as indicated in 

chapter 2, where the pigs of the respondents have been sampled. Hence the participants sampled 

in this study are the pig owners and members of their households. A total of 1266 faecal samples 

were collected from respondents (754 the first year and 512 the second year) and questionnaires 

were completed on the socio demographic factors and pig rearing practices in the study area 

using structurally modified questionnaire by the cysticercosis working group of eastern and 

southern Africa.  

Sample size estimation was calculated using the formula n = Z2PQ/L2 (Martin et al., 1987), 

where n is the required number of individuals to be examined, Z is the Z score for a given 

confidence level, P is a known or estimated prevalence, Q = (1- P), and L the allowable error of 
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estimation. In the current study, we used 95% as the confidence level with an allowable error of 

estimation of 0.05.  

Households keeping pigs in study sites were visited and selected using the snowballing 

technique, until the required numbers of respondents (at least 381) were sampled, but to adjust 

for the multi stage sampling as in chapter 1, we raised n one and half times and obtained n = 762 

(Ngowi et al., 2014; Martin et al., 1987). However, the pig farmers were so much interested in 

the study and were therefore easily recruited into the study. In each selected household, the 

respondents were persons responsible for feeding and caring for the pigs. Consent forms were 

completed and faecal sample donations were voluntary. Farmers selected for the interviews were 

based on a pre set questionnaire. Information on the potential environmental, demographic, and 

other risk factors associated with transmission of T. solium and other gastrointestinal parasites 

within the community was recorded for each subject. Mebendazole was given at a dose rate of 

100 mg bid for 3 days and a chemiron capsule at a dose rate of 300mg once daily was offered to 

each respondent at study sites. 

 

Faecal sample analysis 

Freshly voided early morning faecal samples were collected from the respondents in labeled 

screwed cap bottles and examined macroscopically for tapeworm proglottids in the study 

populace under strict hygiene. Faecal samples were examined microscopically for helminth eggs 

by formal ether concentration technique indicated below. Respondents were shown samples of 

preserved tapeworms, and were asked if they have ever seen such in their faeces. Those who had 

admitted passing it wee offered anthelmintic treatment i.e a single oral dose of praziquantel at 

10mg/kg b.w. Tapeworms collected from human stools were identified by DNA extraction in 

chapter 5. The worm segment was analysed. The fragment (314bp) was amplified within the 12S 

ribosomal RNA using cestode- specific primers. Tapeworm results are presented in chapter 5. 
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Formol-ether Sedimentation Technique.  

Approximately 0.5g feaces were removed from both the surface and the inside of the stool 

sample with a wooden applicator and transferred to a centrifuge tube containing 7ml of 10% 

formalin. The faeces were then emulsified in the formalin and filtered into a dish, and the filtrate 

was transferred to a second centrifuge tube, and 3ml of ether was added, the tube was stoppered 

and mixed well and the resulting suspension was transferred back to the centrifuge and 

centrifuged at 2000g for 1 minute. The fatty plug was loosened with an applicator and the 

supernatant poured away by quickly inverting the tube and the fluid remaining on the sides of the 

tube was allowed to drain into the deposit and then mixed well, using the pipette, a drop was 

transferred unto the side and covered with a cover slip. The x10 and x40 objectives was used to 

examine the whole of the cover slip for ova and cysts and the entire cover slip area was 

examined under low power (total magnification, x100). The number and identity of parasite cysts 

and ova identified were recorded. 

 

Statistical analysis 

Data were entered into an Excel spreadsheet (Microsoft Inc.) and exported to SPSS version 25.0 

(PASW Inc.) for statistical analysis and method of analysis was the same as for chapter 2. Some 

variables and categories varied as different risk factor information was collected for human 

participants. 

 

3.4 Results 

3.4.1 Participants enrolled in the study 

The number of people sampled in each state is shown in Table 3.3. 
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Table 3.3. Population characteristics of respondents in the first and second year of study at 

95% confidence interval (CI) in respect of location (State, Local government and Villages). 

                                      First year of study Second year of study 

State   Number 

sampled  

Percentage 

(%) 

CI 95 % Number 

sampled  

Percentage (%) CI 95% 

Kaduna state 189 25.1 0.21-0.28 187 36.5 0.32-0.40 

Plateau state 531 70.4 0.66-0.73 325 63.5 0.5-0.67 

Benue  state 34 4.5 0.03-0.06 N/A N/A N/A 

Total 754 
 

 512   

Villages 

Zipak 98 13 0.10-0.15 92 18 0.147-0.215 

Maigizho 91 12.1 0.08-0.13 N/A N/A N/A 

Sot gyel 168 22.3 0.19-0.25 95 18.6 0.152-0.21 

Tanchol 142 18.8 0.16-0.21 92 18 0.147-0.215 

Larjan 113 15 0.12-0.17 70 13.7 0.108-0.169 

Lumbab 108 14.3 0.11-0.17 68 13.3 0.104-0.165 

Otonko 8 1.1 0.004-0.02 N/A N/A N/A 

Oshongo 5 0.7 0.002-0.015 N/A N/A N/A 

Yandev 10 1.3 0.006-0.02 N/A N/A N/A 

Adekaa 11 1.5 0.007-0.002 N/A N/A N/A 

Zankwoi 
  

 95 18.6 N/A 

Total  754 
 

 512    

Local government 

Jos south 310  41.1 0.37-0.44 187 36.5 0.32-0.408 

Jemaa 189 25.1 0.21-0.23 92 18 0.14-0.21 

Zangon Kataf N/A N/A  95 18.6 0.15-0.22 

Gboko 21 2.8 0.017-0.041 N/A N/A N/A 

Langtang 

north 

221 29.3 0.26-0.32 138 27 0.23-0.31 

Ushongo 13 1.7 0.009-0.029 N/A N/A N/A 

Month sampled 

March 189 25.1 0.21-0.28 N/A NA N/A 

May 310 41.1 0.37-0.44 N/A NA N/A 

August 30 4 0.02-0.05 N/A N/A N/A 

September 4 0.5 0.001-0.014 N/A N/A 0.32-0.40 

October 221 29.3 0.01-0.044 187 36.5 0.59-0.67 

November N/A N/A N/A 325 63.5 N/A 
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3.4.2 Socio-demographic data 

The data show that more females reported keeping pigs in both the first and second years of the 

study (66.4% and 66.6%) compared to males (33.6% and 33.4%). Most were self-declared 

farmers (36.4%) in the first year of study while in the second year of study, artisans were the 

majority (66.9%). Few of them had tertiary level education. The majority of the farmers draw 

drinking water from the well (66.5%, year 1; 54.3%, year 2) year compared to tap water (0.8% 

and 5.3%) as indicated in Table 3.4. 
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Table 3.4 Sociodemographic data of respondents and 95% confidence interval (CI) in the 

first and second year of study. 

First year of study Second year of study 

Gender Number  Percentage 

(%) 

95% CI Number Percentage 

(%) 
95% CI 

Female 501 66.4 0.62-0.69 341 66.6 0.62-0.70 

Male 253 33.6 0.30-0.37 `171 33.4 0.29-0.37 

Total 754   512   

Education    
  

 

Primary 195 26.9 0.23-0.30 
88 17.2 

0.14-0.20 

Secondary 198 27.3 0.24-0.30 104 20.4 0.16-0.20 

Tertiary 130 17.9 0.15-0.20 26 5.1 0.03-0.07 

None 202 27.9 0.24-0.31 293 57.3 0.52-0.61 

Total 725   511   

Occupation    
  

 

Farmer 264 36.4 0.32-

0.4003 109 21.5 
0.17-0.25 

Student 138 19 0.16-0.22 
19 3.7 

0.02-0.06 

Artisan 190 26.2 0.23-0.29 
340 66.9 

0.62-0.70 

Civil servant 64 8.8 0.06-0.11 
26 5.1 

0.03-0.07 

Applicants 31 4.3 0.02-0.05 
8 1.6 

0.006-0.03 

House wife 38 5.2 0.03-0.07 
6 1.2 

0.004-0.025 

Total 725   
508  

 

Age       

Less than  20 186 24.7 0.21-0.27 
157 30.7 

0.26-0.34 

21-40 262 34.7 0.31-0.38 
212 41.4 

0.37-0.45 

41-60 192 25.5 0.22-0.28 
90 17.6 

0.14-0.21 

61-80 105 13.9 0.11-0.16 
48 9.4 

0.06-0.12 

81 and above 9 1.2 0.005-

0.022 5 1 
0.003-0.024 

Total 754    512   

Water       
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sources 

Tap 

6 0.8 

0.002-

0.016 27 5.3 

0.03-0.007 

Well 501 66.5 0.62-0.69 278 54.3 0.49-0.58 

Stream 20 2.7 0.01-0.04 31 6.1 0.04-0.08 

Borehole 

&mono taps 130 17.3 

0.14-0.20 

24 4.7 
0.03-0.06 

All sources 
88 11.7 

0.14-0.20 
152 29.7 

0.03-0.06 

Tap and pure 

water 8 1.1 

0.09-0.14 

N/A N/A 
N/A 

Total 
753  

 
512  

 

Do you boil       

Always 
N/A N/A 

N/A 
27 5.3 

0.03-0.07 

sometimes 
17 2.3 

0.01-0.03 
33 6.4 

0.04-0.08 

Never 
737 97.7 

0.96-0.98 
452 88.3 

0.85-0.90 

Total 
754  

 
512  

 

Available 

toilet   

    

Yes 
414 56.4 

0.49-0.56 
278 54.6 

0.50-0.58 

No 
320 43.6 

0.39-0.47 
231 45.4 

0.02-0.06 

Total 
734  

 
509  

 

Frequency of 

use   

    

Always 142 19.3 0.16-0.22 46 9 0.06-0.11 

Sometimes 
278 37.9 

0.34-0.41 
231 45.4 

0.40-0.49 

Never 
314 42.8 

0.39-0.46 
232 45.6 

0.41-0.49 

Total 734   509   

Do you 

deworm    

    

Yes 
100 13.3 

0.10-0.15 
282 55.3 

0.50-0.59 

No 
654 86.7 

0.84-0.88 
228 44.7 

0.40-0.49 

Total 754   510   
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3.4.3 Prevalence before and after the intervention 

Out of the 754 respondent examined in the first year of study before treatment, 27.1% (204) of 

them excreted one or more helminth eggs or cysts belonging to 8 different types of genera, 

namely Hookworm 8.1% (61), Entamoeba histolytica 10.5% (79), Ascaris lumbricoides 2.8 % 

(21), Taenia spp. 2.5% (19), Entamoeba coli 0.8% (6), Fasciola gigantica 0.9% (7), Trichuris 

trichura 0.3% (2), Schistosoma mansoni 1.2% (9). While after the treatment, 15.2% (78) of the 

512 respondent were affected with 6 different types of genera, namely, Hookworm 7% (36), 

Entamoeba histolytica 2.5% (13), Ascaris lumbricoides 0.6% (3), Taenia spp. 0.8% (4), 

Entamoeba coli 2.1% (11), Schistosoma mansoni 2.1% (11) as indicted in Table 3.5. 
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Table 3.5 Prevalence of gastrointestinal parasites in humans in north central Nigeria in 

both the first and second year of study with 95% confidence intervals  

First year before intervention (n=754) 
 

Second  yearintervention (n=512) 

Parasites Number 

positive  

Prevalence CI Number 

positive  

Prevalence CI 

Schistosoma 

mansoni 

9 1.2 0.5-2 11 2.1 1-3 

Ascaris 

lumbricoides 

21 2.8 1-4 3 0.6 0-1 

Hookworm spp 61 8.1 6-10 36 7 5-9 

Taenia spp 19 2.5 1-3 4 0.8 0-2 

Fasciola 

gigantica 

7 0.9 0.3-1.9 0 0 0 

Trichuris 

trichura 

2 0.3 0-0.9 0 0 0 

E. histolytica 79 10.5 8-12 13 2.5 1-4 

E. coli 6 0.79 0-2 11 2.1 1-3 

Total 204 
  

78 
  

Footnote= E histolytica=.Entamoeba histolytica, E.coli= Entamoeba.coli 
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3.4.4 Predictors of infection in humans before intervention 

 

Ascaris lumbricoides 

 

Ascaris lumbricoides eggs were found in samples from 2.8% (0.01-0.04 95% CI) of humans in 

the study. The model included results from 754 people (Hosmer-Lemeshow χ2 = 11.208, 8 d.f, p 

= 0.19; Nagelkerke’s r2 = 0.117). The presence of A. lumbricoides eggs in human faeces was 

associated with level of education (higher if educated to primary level than if educated to 

secondary or tertiary levels), and management system of pigs kept (higher if keeping pigs in pens 

or semi-intensive systems, compared with not at all) (Table 3.6). Non-signifcant factors are not 

shown in Table 3.6, except for toilet availability, which was not significantly associated with 

infection. 

 

Table 3.6 Significant predictors of patent Ascaris lumbricoides infection in humans before 

intervention, using binary logistic regression analysis. (Abreviations same as in chapter 2) 

 

Level N B Sig. OR 95% C.I.  prev 

Education 
  

0.04 
  

0.06 

Primary 195 1.797 0.02 6.029 1.321-27.514 0.03 

Secondary 198 0.859 0.312 2.361 0.447-12.481 0.02 

Tertiary 130 0.427 0.676 1.532 0.207-11.352 0.01 

None (ref) 196 
     

Toilet available 408 -0.803 0.094 0.448 0.175-1.145 0.02 

No toilet 311 
    

0.04 

Pig Management  
 

0.052 
   

Pen 145 1.687 0.021 5.404 1.283-22.755 0.04 

Semi intensive 288 1.451 0.027 4.265 1.177-15.46 0.04 

No Pig 286 
    

0.01 

Constant 
 

-5.289 0 0.005 
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Entamoeba histolytica 

Entamoeba histolytica was found in samples from 7.26% (0.08-0.12 95% CI) of people in the 

study. The model included results from 754 people (Hosmer-Lemeshow χ2 = 6.12, 8 d.f, p = 

0.634; Nagelkerke’s r2 = 0.093). The only significant factor was breed of pig (Table 3.7). 

Relatice to having no pigs, respondents were more likely to have Entamoeba infections if 

keeping native breed pigs, but not those of commercial breeds or crosses. 

 

Table 3.7 Significant predictors of patent Entamoeba histolytica infection in humans before 

intervention, using binary logistic regression analysis.  

 

Level N B Sig. OR 95C.I. Prev 

Breed       

Native 218 0.553 0.049 1.738 1.002-3.014 0.13 

Cross breed 9 0.293 0.802 1.34 0.136-13.183 0.04 

No pig (ref) 197 
    

0.11 

Constant 
 

-2.808 0.109 0.06 
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Hookworm 

Hookworm eggs were found in samples from 8.1% (0.06-0.10 95% CI) of respondents in the 

study. The model included results from 754 people (Hosmer-Lemeshow χ2 = 1.232, 4 d.f, p = 

0.873; Nagelkerke’s r2 = 0.056). Hookworm eggs were more likely to be found in March, 

towards the end of the dry season, than in the reference month of October, at the end of the rainy 

season (Table 3.8). 

 

Table 3.8 Significant predictors of patent hookworm infection in humans before 

intervention, using binary logistic regression analysis 

Level N B Sig. OR 95% C.I.  Prop 

Month 
  

0.019 
   

March 189 1.461 0.002 4.311 1.675-11.096 0.14 

October(ref) 221 
    

0.05 

Constant 
 

-1.864 0.057 0.155 
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Schistosoma mansoni 

Schistosoma mansoni eggs were found in samples from 1.2 % (0.05-0.02 95%CI) of respondents 

in the study. The model included results from754 individuals (Hosmer-Lemeshow χ2 = 3.055, 2 

d.f, p = 0.217; Nagelkerke’s r2 = 0.082). Schistosoma mansoni eggs were less likely to be found 

in females compared to males (Table 3.9), however knowledge of tapeworm which had a 

significant difference by chi square test was not significantly associated with the presence of S. 

mansoni eggs in the faeces of people in the study.  

 

Table 3.9. Significant predictors of Schistosoma mansoni infection in humans, using binary 

logistic regression analysis before treatment 

 

Level N B Sig. Exp(B) 95% C.I. EXP(B) Prev 

Female 501 -1.469 0.04 0.23 0.057-0.935 0.01 

Male (ref) 253 
    

0.02 

Constant 
 

-4.201 0 0.015 
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Taenia spp. 

Taenia spp. eggs were found in samples from 2.5% (0.01-0.03; 95% CI) of respondents in the 

study. The model included results from754 individuals (Hosmer-Lemeshow χ2 = 0.052, 2 d.f, p = 

0.975; Nagelkerke’s r2 = 0.043). Respondents reporting pork consumption at least once per 

month were less likely than those reporting no pork consumption to be shedding Taenia eggs at 

the time of sampling (Table 2.10). 

  

Table 3.10. Significant predictors of patent Taenia spp. infection in humans before 

treatment, using binary logistic regression analysis.  

 

Level N B Sig. Exp(B) 95% C.I. EXP(B) Prev 

Frequency of pork consumption 
  

0.083 
   

Daily to monthly 471 -3.284 0.027 0.037 0.002-0.685 0.03 

Five time yearly to rarely 20 -2.989 0.105 0.05 0.001-1.871 0.01 

None (ref) 2 
    

0.17 

Constant 
 

-0.013 0.993 0.987 
  

 

For other parasites, prevalence is given in Table 3.5 above, and there were no significant risk 

factors found by logistic regression analysis. 



98 
 

 

3.4.5 Significant predictors of infection after treatment 

Ascaris lumbricoides (prevalence 0.6%, 95% CI 0.54-0.62), Entamoeba coli (2.1%, 1-3), 

Entamoeba histolytica (2.5%, 1-4), and Taenia spp. (0.8 % 0.2-2) were present in the second 

year of the study, after intervention. Binary logistic regression revealed no significant 

associations between the presence of these parasites in year 2 and any of the factors tested. 

 

Hookworm  

Hookworm eggs were found in samples from 7 % (0.05-0.09; 95% CI) of respondents in the 

study. The model included results from 512 individuals (Hosmer-Lemeshow χ2 = 0.014, 2 d.f, p 

= 0.993; Nagelkerke’s r2 = 0.118). Hookworm eggs were less likely to be found in the faeces of 

people sampled in October compared to November and in the faeces of respondents who had 

heard of tapeworm compared to those that have not heard of tapeworm as shown (Table 3.11). 

 

Table 3.11. Significant predictors of patent hookworm eggs infection in humans after 

intervention, using binary logistic regression analysis 

Level number sampled B Sig. OR 95% C.I. proportion 

Yes heard 371 -0.749 0.038 0.473 0.23-0.96 0.06 

No (ref) 141 
    

0.11 

October 187 102 0.001 0.09 0.021-0.38 0.01 

November(ref) 325 
    

0.1 

Constant 
 

-1.645 0 0.193 
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Schistosoma mansoni 

Schistosoma mansoni eggs were found in samples from 2.1 % (0.01-0.03; 95% CI) of people in 

the study. The model included results from 512 people (Hosmer-Lemeshow χ2 = 5.929, 7 d.f, p = 

0.548; Nagelkerke’s r2 = 0.247). Schistosoma mansoni eggs were less likely to be found in 

farmers and artisans compared to housewives (Table 3.16). Again, the availability of a toilet was 

not associated with the odds of shedding S. mansoni eggs at the time of sampling. 

 

Table 3.12. Significant predictors of Schistosoma mansoni infection in humans after 

treatment, using binary logistic regression analysis. 

Level N B Sig. Exp(B) 95% C.I.EXP(B) Proportion 

Occupation  
 

0.015 
   

Farmer 108 -3.922 0.018 0.02 0.001-0.517 0.01 

Student 18 -0.819 0.602 0.441 0.02-9.538 0.11 

Artisan 337 -2.994 0.034 0.05 0.003-0.794 0.02 

Applicants 8 -0.241 0.891 0.786 0.025-25.005 0.13 

House wife (ref) 6 
    

0.17 

Toilet available 255 -0.719 0.343 0.487 0.11-2.153 0.01 

No toilet (ref) 222 
    

0.03 

Constant 
 

-1.096 0.542 0.334 
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3.4.6 Polyparasitism in respondents 

The prevalence of polyparasitism in the present study was 3.33 % (42 out of 1266), of which 6 

were co-infections with three parasite species (Table 3.13), and 46 were co-infections with two 

parasite species (Table 3.14). 

 

Table 3.13 The frequency of triple coinfections in study particpants. 
 

              Parasite combination       Frequency 

S.mansoni+F. gigantica+E.histolytica 2 

S.mansoni+Hookworm ova+E.histolytica 1 

Hookwormova+F. gigantica+E.histolytica 1 

A.lumbricoides+Taenia spp+E.histolytica 1 

A.lumbricoides +Taenia spp+T.trichuris  1 

 

Table 3.14 Frequency of double combination in study particpants. 

Parasite combination Frequency 

E histolytica+E.coli 12 

Hookworm+A.lumbricoides  8 

A.lumbricoides+Taenia spp 4 

Hookworm +E.histolytica 3 

A.lumbricoides +E.histolytica 3 

S.mansoni+Hookworm 1 

Taenia spp+E. histolytica 2 

Taenia spp+E. coli 1 

Hookworm+F. gigantica 1 

Hookworm+E coli 1 
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3.5 Discussion 

3.5.1 Prevalence of gastrointestinal parasites and effects of intervention 

This study found that 27.1% of participants were infected with eight different types of parasites 

egg or oocysts before the intervention, while one year later 15.2% were affected with six parasite 

species. The overall prevalence resembles findings of other workers in the region, including Biu 

and Kofur (2010), who observed a prevalence of gastrointenstinal parasitism of 20.0% among 

residents of Biu local government. Akinbo et al. (2013) observed a prevalence of 33.4%, among 

artisans in Benin, Nigeria. Mbuh et al. (2011) observed a prevalence of 31.0% among patients at 

the Buea Hospital in Buea sub-division of Cameroon. The prevalence of 27.1% in this study is 

higher than some other studies: 3.9% was observed by Akinbo et al. (2011) among patients of a 

tertiary hospital in Benin, Nigeria. Kamalu et al. (2013) reported a prevalence of 16.0%, in rural 

and urban communities of Imo state. Our result, however, is lower than prevalences observed by 

other workers, namely, Duc et al. (2011) and Kidane et al. (2014) who observed a prevalence of 

47% and 60.7% respectively. 

The spectrum of gastrointestinal parasites observed in this study has earlier been reported by 

other workers; however, this study has a wider spectrum of parasites than that observed by 

Mamman and Reuben (2014), among prison inmates in Jos Plateau, one of our study sites. They 

observed all the parasites in this study except Taenia spp., Fasciola spp., T. trichura, E. 

histolytica and E. coli. Akinbo et al. (2013) also observed all the parasites in this study among 

artisans in Benin City, Nigeria, except for S. mansoni, Taenia spp., and E. coli.  

The disparities in prevalence of intestinal parasites in this study compared to other studies might 

be associated to various factors including the educational level of the participants, the 

occupational status (Debalke et al., 2013) social habits, individual/environmental sanitation and 

environmental factors (Maizigo et al., 2010b, Debalke et al., 2013) including temperature 

(Maizigo et al., 2010b, Debalke et al.,2013), relative humidity, rainfall (Debalke et al.,2013), 

source of drinking water, type and availability of toilets (Debalke et al., 2013), and different 

diagnostic techniques used  (Maizigo,et al.,2010b, Ogbuagu et al., 2010, Debalke et al.,2013), 

and demographic factors including age, sex, and deworming history. Other differences might be 

attributed to the various type of respondents used in the different studies, some of them are 
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students, hospital patients, prisoners, children or pregnant women, however apparently healthy 

individuals were used in the present study. 

Our results showed that most of the parasites decreased after intervention. Hookworm, having 

the highest prevalence before intervention decreased afterwards from 8.1% to 7%, E. histolytica 

decreased from 10.5% to 2.5%, A. lumbricoides decreased from 2.8% to 0.6% and Taenia spp. 

decreased from 2.5% to 0.8%. Fasciola gigantica had a prevalence of 9% and T. trichura had a 

prevalence of 0.3 before the intervention, and neither was observed after the intervention. The 

prevalence of E.coli (0.8%) and Schistosoma mansoni (1.2%) increased after the intervention to a 

2.1% each. Deworming generally decreases the prevalence of gastrointestinal parasites. Gutman 

et al. (2010) showed that the prevalence of A. lumbricoides and Trichuris spp. decreased 

following mass antihelminthic treatment with ivermectin, but not hookworm, and advised that 

benzimidazoles be added to effectively treat hookworm. Other workers showed a decrease in 

prevalence of hookworm following a deworming programme with albendazole after two years in 

Australia (Shield et al., 2015). 

 

3.5.2 Risk factors for gastrointestinal parasite infection 

Hookworm 

Hookworm had the highest prevalence before the intervention 8.1% (95% CI 6-10), which 

decreased to 7% (95% CI 5-9), after the intervention, indicating that among soil-transmitted 

helminths, hookworm infection is the major public health problem within Nigeria, similar to 

observations of Guyatt et al (1999) and Maizigo et al. (2010).  

Other workers also observed hookworm as the most common parasite in their studies, but with 

higher prevalence than that observed in the present study. They include 11.8%, 19.1%, 35.8%, 

36% and 39.3%, by Mbuh et al (2011), Cabada et al (2014), Alli et al. (2011), Shield et al. 

(2015) and Pullan et al. (2014). The presence of hookworm in the participants may likely be as a 

result of the farming activity of the respondents, since their bare feet are exposed to the larval 

stages while farming. Upon contact, the infective larvae penetrate the skin to cause infection. 

Farming is associated with hookworm infection (Humphries et al., 2011; Mbuh et al., 2011). 

Indiscriminate feacal disposal by humans plays a role in transmission of infection (Alli et al., 
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2011). In year 1, hookworm eggs were more likely to be found in faeces in March than in 

October, the reference month. In year 2, after intervention, hookworm eggs were less likely to be 

found in October than in November. In the study area, the rainy season typically lasts from May 

to October, and this suggests that transmission is more likely in the dry than in the rainy season. 

This could be related to better conditions in sandy or aerated soil for larval development and 

activity, or changes in people’s habits and exposure to infection, or a combiunation of both. 

Further studies would be needed to establish whether seasonl patterns are consistent, and their 

mechanistic basis. 

Hookworm eggs were also less likely to be found in faeces in respondents who had heard of 

tapeworm, compared to those that had not heard, in year 2 of the study. Pathways of transmission 

are different for hookworms than tapeworms. Nevertheless, general knowledge of parasites and 

associated risks might have made people who acquired or retained this knowledge more aware of 

parasites in general, and encouraged or reinforced behaviours that decrease risk across parasite 

species. It is notable that this difference was observed only after intervention, which involved not 

treatment and also education. The fact that the respondents had knowledge about the parasites 

could have made them avoid sources of infection with parasites. 

Interestingly, access to a toilet was not associated with risk of patent hookworm infection, nor 

indeed risk of infection with other parasite species. This seems counter-intuitve, given that most 

have faeco-oral routes of transmission, and good sanitary hygiene is a mainstay of control. 

Having access to a toilet, howver, does not necessarily mean that it will be used, for example if 

working the fields away from the house. Moreover, hookworm larvae in the environment is as 

likely to come from other people as from respondents and their cohabiting family members, so 

toilet access and use across the whole community is the critical factor, and perhaps not so 

important as a risk factor at individual or household level. Other reports indicate that the 

prevalence of intestinal parasites was significantly increased among those that defecate in nearby 

bushes (Akinbo et al., 2011). Kamalu et al (2013) and Katulla et al. (2014) observed that 

absence of toilet facilities was an important risk factor for gastrointestinal parasite transmition. 

Katulla et al., (2014) observed a 56% reduction in the acquisition of infection if open field 

defecation was stopped. Even if only a few individuals in the household were using the toilets, 

there ought to be less contamination in the immediate environment and farmlands compared to 
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houses that were not using toilets (Ziegelbauer et al., 2012). Providing and promoting the useof 

toilets at household and community level has the potential to decrease transmission and 

prevalence of gastrointenstinal parasite infections in people, regardless of the lack of association 

in the present study. 

 

Entamoeba spp. 

Entamoeba histolytica had a prevalence of 7.3% (95% CI 8-12) in year 1 before the intervention, 

decreasing to 2.5% (95% CI 1-4) in year 2 after intervention.This was the second most 

commonly isolated parasite observed in this study at a prevalence, in agreement with previous 

studies, for example prevalences of  6%, 5.4%, 4.48% and 3.27% reported by Duc et al (2011), 

Akinbo et al. (2011), Colman et al. (2013) and Omorodion et al. (2012), respectively.. However, 

other workers observed lower prevalences: Akinbo et al. (2013) observed 1.6%, Sinniah et al 

(2012) 1.3% and Omorodion et al. (2012) 0.57%. Higher prevalence rates than that observed in 

the present study were observed by other studies including 13.6%, 17.9 %, 21.8%, 23.2%, 24.4% 

and 43.9% observed by Mazigo et al. (2010b), Sungkar et al .(2015) Dhanabal et al. (2014), 

Kidane et al. (2014), Mbuh et al. (2011) and Ogbuagu et al. (2010), respectively.  

In the present study, the presence of E. histolytica cysts in faeces was associated with breed of 

pig kept by the respondents, being more likely in those keeping native breeds than commercial 

no pigs at all. Keepers of cross-bred or commercial pigs did not have increased risk of infection, 

but sample size in this category was very small, limiting power. It is possible that close contact 

with pigs increased the risk of infection, since pigs can carry and shed E. histolytica. There might 

also be shared risk factors between pigs and people where these are kept together in households, 

including sanitary hygiene. No association between E. histolytica and pig farming was found in 

year 2. Pham-Duc et al. (2011) observed that risk factors for E. histolytica included close contact 

with domestic animals. The same study also observed that E.histolytica infection was not 

associated with water source, in agreement with our results. Duc et al. (2011) also did not 

observe saniatary measures as risk factor for E. histolytica. 

Entamoeba coli oocysts were found in samples from 8% of respondents in year 1 (95% CI 2-16), 

and 2% in year 2 (95% CI 1-3). This prevalence is similar to the 2% observed by Duc et al. 
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(2011), and lower to observations by some other workers. Kipyegen et al. (2012) observed a 

prevalence of 5.9%, Colman et al. (2013) observed a prevalence of 9.95%, while Sinniah et al 

2012, observed 5.2%, and Dhanabal et al (2014) observed 23%. There were no significant 

assocaitions between E. coli oocysts and any of the risk factors measured. Although boiling 

water and presence of toilets were significantly associated with E. coli presence by chi square 

test, these assocaitions disappeared when using logistic regression, and could therefore be 

spurious or indirectly associated through third factors. This shows the importance of conducting 

multivariate statistical analysis when elucidating risk factors.  

The high prevalence of E. histolytica and E. coli in our study could be due to the existence of 

resistant cysts of both parasite species in the study area. Mbuh et al. (2011) and Dhanabal et al. 

(2014) reported that the parasite was found mainly in the dwellers of low socioeconomic areas. 

 

Ascaris lumbricoides  

The prevalence of Ascaris lumbricoides in year 1 was 2.8% (95% CI 1-5) which decreased to 

0.6% (CI 0.5-0.6) in year 2. This is in line with prevalence of 1.9% observed by Mamman and 

Rueben. (2013), 1.8% by Srihari et al. (2011), 4.3% by Omorodion et al. (2012), and 5% by Biu 

and Kofu (2010). Other workers have observed higher prevalences, e.g. Damen et al. (2010) 

reported prevalence of 13.9% and 28.5% among dewormed and non-dewormed students, while 

Kamalu et al. (2013) observed 13.4%, Ogbuagu et al. (2010) observed 25.2%, Omorodion et al. 

(2012) observed 65%, and Akinbo et al. (2013) observed 77.8%. The presence of A. 

lumbricoides is likely to be as a result of faecal environmental contamination, which plays a role 

in the life cycle of the parasite and the maintenance of infection and human ascariasis. 

Accidental ingestion of eggs from the soil or contaminated surfaces, or from contaminated food 

are important sources of transmission of A. lumbricoides (Alli et al., 2011). The outer surface of 

the egg is covered with a mucopolysaccharide enabling the eggs to adhere to various surfaces 

including door handles, dust, fruits and vegetables, paper money and coins (Omorodion et al., 

2012). The eggs of A. lumbricoides have great ability to resist harsh environmental conditions 

(Omorodion et al 2012; Alli et al., 2011). In the first year of the study, A. lumbricoides eggs 

were more lilely to be found in respondents with education to primary level (as opposed to 
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education to secondary or teriary levels, or no fomal education), and if they kept pigs (relative no 

no pigs), especially if the management system was semi-intensive or penned. Other variables, 

including toilet access, were not associated with A. lumbricoides infection, and no variables were 

associated with infection in the second year of study. 

Education to higher levels might be expected to decrease infection risk through better knowledge 

of hygiene and sanitary precautions, and perhaps through better understanding and acceptance of 

educational interventions, although the association was observed before and not after the 

intervention. Pig ownership could increase exposure to A. suum, which was not differentiated 

from A. lumbricoides in the present study. 

 

Taenia spp. 

The prevalence of Taenia spp before intervention was 2.5% (95% CI 1-3), and after intervention 

0.8% (95% CI 0.2-2). This agrees with findings by Omorodion et al. (2012), who observed 2.5% 

for T. solium, and Kamalu et al. (2013), who observed 3.2%. Akinbo et al. (2011) and 

Humphries, et al. (2011) observed 1.1% each, Ekong et al. (2012) observed 1.5% while Shrihari 

et al. (2011) observed 1.75% for Taenia saginata and 1.75% for Taenia spp., futhermore 0.05% 

was observed by Colman et al. (2013) for Taenia spp. and 0.8%, for Taenia saginata was 

observed by Kidane et al (2014). However, higher prevalences were observed by Kipyegen et al. 

(2012), who observed 5.3% for T. saginata, while Auta et al. (2013) observed 23.0%.  

Logistic regression suggested that respondents who reported pork consumption at least once a 

month were less likely to shed Taenia spp. eggs than those who consumed pork more rarely or 

not at all. This seems counterintuituive as pork consumption would be expected to increase risk 

of Taenia solium transmission and patent infections. The eggs in the faecal surveys, however, 

were not identified molecularly to species level, only in cases where proglottids were observed 

and collected. It is therefore possible that many were T. saginata, as indeed the single identified 

tapeworm was found to be (see chapter 5). It is possible that those people reportedly eating less 

pork ate more beef, which would increase risk of T. saginata, and perhaps overall risk of 

tapeworm infection. 
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Schistosoma mansoni 

The prevalence of Schistosoma mansoni in this study before the intervention was 1.2% (95% CI 

0.5-2) which decreased to 2.1% (95% CI 1-3) after the intervention. This is similar to findings of 

other workers, namely Ekong et al. (2012) Kamalu et al. (2013) and Mamman and Reben (2008) 

as they observed Schistosoma spp at a prevalence rate of 1.1%, 2.4% and 4.2%, respectively. 

Higher prevalence has been observed by Auta et al. (2013), as they observed 11.7%. Fentie et al 

(2013) observed 16.7% prevalence, Biu and Kofur. (2010) 30%, and Mazigo et al. (2010b) 

64.3%.  

The present study site had water bodies in some of the communities where the populace goes to 

fetch water for domestic purposes including, bathing and traditional laundry, among other uses, 

hence it is the likely source of exposure with the parasite to the respondents. Auta et al. (2013) 

observed a significant association in children that had contact with water bodies (OR = 6.07 95% 

CI > 1.0). Pigs may be a natural host for Schistosoma spp. (Johansen et al 1998), hence could 

play a role in the transmission of Schistosoma spp. infections for humans (Willingham et al 

1996; Willingham et al 1994). The regression model showed that S. mansoni eggs were less 

likely to be found in females compared to men. This is similar to the observations of Mengistu et 

al. (2007) and Mazigho et al.(2010a) as they reported higher prevalence among males than 

females. The prevalence may be higher in males compared to females due to the types of 

activities men are engaged in compared to females including swimming and fishing, which 

exposes people to water-borne infective cercariae. After the intervention S. mansoni eggs were 

less likely to be found in farmers and artisans compared to house wives.This might be because 

housewives normally go to the river or stream to bathe their children and fetch water for 

domestic pupsoes or laundry, thereby exposing themselves to the parasites. This agrees with the 

reports that the type of occupation affects prevalence of infection (Phiri et al., 2000), although 

seems to counter the idea that gender roles leave men more exposed. Contrary to our findings 

other workers including Ekong et al. (2012) Ibidapo and Okwa, 2008, Ogbuagu et al., 2010, Alli 

et al., 2011 observed that farmers were at a significantly higher risk of infection than all the other 

occupations. The nature of the farming in relation to contact with infected water bodies might be 

important, rather than farming per se. 
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Other parasites 

The prevalence of other parasites (listed with prevalence in Table 3.5), including Trichuris 

trichiura and Fasciola gigantica, was low and their presence was not significantly associated 

with any of the measured risk factors. 

 

Polyparasitism 

The present study observed polyparasitism in some of the respondents, as was observed in 

previous studies (Damen et al., 2010; Omorodion et al., 2012; Wosu and Onyeabor, 2014). 

However, the prevalence of polyparasitism in this study was 3.3%, which was low and agrees 

with reports of Omorodion et al. (2012), who also reported very low prevalence. The prevalence 

observed in this study is lower than 13.8 observed by Alli et al. (2011), and 27.6 observed by 

Wosu and Onyeabor. (2014). Co-infection with A. lumbricoides and Taenia spp., observed in the 

present study, was also previously observed in studies by Omorodion et al. (2012), while the 

coinfection of A. lumbricoides and hookworm was similarly previously observed by Alli et al. 

(2011). Polyparasitism appears to be a normal occurrence in Nigeria (Damen et al., 2010 and 

Alli et al., 2011). Boonjaraspinyo et al. (2013) observed poly parasitism in 15.9% of the people, 

while Kidane et al. (2014) obserevd coinfections in 7.5% (29) of the positive stool samples. 

Polyparasitism was higher in dewormed respondents, which was suprising and may need futher 

investigation, or could it be that those particular individuals were resistant to the dewormer. 

 

3.6 Conclusions 

The presence of helminths in the stool is of great public health concern. The high prevalence of 

parasitic infection noticed is likely due to poor sanitary conditions, as low standards of hygiene 

were observed in the study sites visited, and some of the respondents also lacked sanitary 

infrastructure. Communities often lacked adequate water supply, hence the populace frequently 

obtained their drinking water and water for domestic purposes from streams and ponds that were 

very dirty. They used the same water medium for laundry and bathing, children often played in 

the same water bodies. Respondents sampled in Jemaa and Zangon Kataf local government were 

affected by higher proportions of hookworm ova. Most of the population in the two locations are 
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farmers and are engaged in large scale farming activity and hence are exposed to contact with 

soil, which is a source of reservoir of hookworm larvae while farming barefoot. 

The prevalence of most of the parasites including hookworm, Taenia spp, A. lumbricoides, E. 

histolytica, E. coli, F. gigantica and T. trichiura decreased during the second year of study. This 

could be because respondents were educated in the first year of study and they were also given 

dewormers, hence a reduction will be expected in the following year. WHO (2002) reported that 

anthhelmintics decrease the spread of parasites, and hence worm load and egg shedding, 

following treatment with a single dose of anthelminthics and result gives 88 per cent cure rates 

for A. lumbricoides and 78 per cent for hookworm (Keiser and Utzinger., 2008). Damen et al 

(2010) observed that prevalence of intestinal helminths was lower in dewormed students at a rate 

of 12.8% as against a prevalence of 47.6% in non-dewormed students and difference was 

statistically significant (P<0.05) in the same study location with the present study. However, the 

present study showed that deworming significantly decreased the overall prevalence of parasites 

in the respondents, hence targeted mass treatment of human population is a potentially useful 

public health strategy (O’Neal et al., 2011). 

 

Limitations of the study 

It was difficult to effectively compare the effect of deworminng on the prevalence of the parasite 

because in the first year we visited three states and six local governments while in the second 

year we only visited two states, excluding Benue state due to logistic reasons. In the second year 

of the study, we could also not visit some of the villages in Kaduna state e.g Maigizho as they 

had a new village head who was not keen on the study and therefore did not permit us entrance 

into the village. Although information on lower prevalence in the second year of study leads to 

the inference that treatment and education in year 1 effected epidemiological change, this 

evidence is circumstantial. A properly organized randomized control trial would be needed to 

demonstrate this effect, and could be designed to tell between relative impacts of treatment and 

education. While useful and an advance on the current work, such a study would be extremely 

challenging in the study area, due to remote location of villages, variable willingness to 

participate, and associated logistical and security challenges. 
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4.1 Introduction 

Increasing demand for meat and urbanisation of populations in Africa are driving emerging 

livestock systems, including backyard pig rearing, which contributes to household income in 

rural areas (Lipendele et al., 2015). Pigs can be highly prolific and have the unique ability to 

utilize unwanted kitchen waste and crop yields into useful nutritional protein, and in the 

process to alleviate poverty (Braae et al., 2014).  

However, despite the importance of pigs, most of the poor household farmers practise semi-

intensive systems of management, in which some of the pigs are partially confined (Kagira et 

al., 2010). Most often, pigs are simply enclosed within ordinary structures or housed in the 

night, while they scavenge around during the day in search of food (Ganaba et al., 2011). 

They are poorly fed and given low quality food, with limited disease prevention strategies, 

and poor quality housing, which without necessary sanitary precautions favours increased 

transmission of porcine cysticercosis (Nsadha et al., 2014; Lipendele et al., 2015), high pig 

mortality and poor reproductive performance (Lekule and Kyvsgaard 2003;Kagira et al., 

2010).  

Reports indicate that porcine cysticercosis is endemic and is a major public health threat in 

sub-Saharan Africa (Sikasunge et al., 2008; Assana et al., 2010; Praet et al., 2010a; Krecek et 

al., 2012), with data indicating that prevalence of disease in pigs in the region varies from 

2.0–41.2% (Assana et al., 2013; Karesh et al., 2012). Porcine cysticercosis has significant 

implications for food safety and also causes economic and nutritional loss to smallholder 

famers through confiscations and condemnation of infected pigs and pig carcasses in 

locations where inspection facilities exist (Mkupasi et al., 2011; Komba et al., 2013). While 

in other situations, infected carcasses in Africa are sold at a lower price, leading to economic 

losses to both the farmer and middle men (Ngowi et al., 2009; Mkupasi et al., 2011).  

Studies have found links between various husbandry and sanitary factors and risk of infection 

in pigs and humans. This is exemplified by studies (Gweba et al., 2010 and Nwing et al., 

2012) where prevalence of cysticercois was influenced by human behavioural factors such as 

faecal disposal systems, general hygiene, free-range roaming of pigs, and feeding systems 

(Sikasunge et al., 2006; Pondja et al., 2010; Maridadi et al., 2011; Bulaya et al., 2015), lack 

of pig pens (Assana et al., 2010), and direct defecation into pig pens (Zoli et al., 1987; Shey-

Njila et al., 2003). Human behaviour is a crucial component of the problem and of effective 

solutions. For example, interventions which deprive small pig holders through confiscation of 
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infected pigs without compensation have unintended consequences such as bypass of official 

slaughterhouses, illicit sale of infected animals, and clandestine introduction of contaminated 

pork into the market place without meat inspection (Assana et al., 2010a; Maridadi et al., 

2011). Non-existence of slaughterhouse infrastructure and inspection facilities, lack of 

implementation of legislature against infected pigs and carcasses (Maridadi et al., 2011), lack 

of knowledge (Assana et al 2010a, Bulaya et al 2015) and low hygienic practices (Bulaya et 

al., 2015) are also major challenges to control.  

Knowledge of levels of infection in pigs is important for control measures in areas of 

endemicity, as it helps in the identification of infected pigs, in the design of evidence-based 

control measures, and as a baseline against which to assess impact of control measures 

(Gavida et al., 2013). Sero-prevalence of porcine cysticercosis in pigs is determined by the 

detection of the antigen or antibody to the parasite in pigs; however, the sensitivity of the test 

is dependent on the pig’s age, the number and location of cysts, and duration of infection 

(Deckers et al., 2008). The antibody-detection ELISA (Ab-ELISA)) has a higher specificity 

but a lower sensitivity compared to the antigen-detection ELISA (Ag-ELISA) (Assana et al., 

2007), and detects pig exposure to T. solium rather than active cysticercosis. The Ag-ELISA 

measures active cysticercosis but is limited by its cross reactivity to T. hydatigena, a less 

severe zoonosis acquired from beef (Assana et al., 2010).  

Of the available serological tests, electro-immunotransfer blot (EITB) is the test of choice for 

the investigation of porcine cysticercosis in endemic countries. The EITB gives almost 100 % 

specificity with 70-90 % sensitivity (Tsang et al., 1989). The EITB test performed is based on 

five bands that were especially chosen for their specificity for cysticercosis antibodies, 

namely (kDa): 6-8, 12, 23-26, 39, 50-55. As indicated in the manual, the presence of the 

lower MW band (6-8 kDa) has been described as indicative of active cysticercosis (Michault 

et al., 1990; Simac et al., 1995; Simac et al 1994). The appearance of bands at any of these 

sites is considered to be a positive result, but in practice more than one band is expected and 

the threshold can be set to more than one band to achieve greater specificity. Where EITB is 

used as part of food safety surveillance, pigs showing the presence of one or two bands are 

not likely to be condemned, but pigs reacting to three or more EITB bands will generally be 

condemned or treated. EITB also helps in the indication of hot-spot environments and to trace 

outbreaks to humans with taeniasis (Gavida et al., 2013).  
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Taenia solium cysticercosis is a neglected zoonotic disease that has been targeted for 

eradication by the World Health Organization (WHO) Sixty-sixth World Health Assembly 

(2013). Porcine cysticercosis has been eradicated in developed countries (Afonso et al., 

2011); however, this is yet to be achieved in developing countries, including Nigeria. Assana 

et al. (2013) reported that there are few resources in Africa for cysticercosis control, and the 

disease has been given little attention. Although tools are available for its control, the 

characteristics of smallholder or backyard pig farming systems militate against successful 

eradication. Studies by Gweba et al. (2010), Onah and Cheijina. (1995) and Weka and Ikeh 

(2009) indicated that porcine cysticercosis is prevalent in Nigeria, indicating widespread 

environmental contamination with the infective ova of T. solium. There is a need for a 

nationwide study that takes a holistic view of the causative influences on transmission 

between pigs and humans, and to integrate realistic information on livestock management and 

human behaviour with known biological characteristics of the host-parasite relationship 

(Gweba et al., 2010), in order to seek effective and socio-culturally acceptable control 

options.  

 

4.2 Aims 

The aims of the work presented in this chapter were to: 

• Establish the prevalence and epidemiology of porcine cysticercosis in pigs in north 

central Nigeria by serological test.  

• Elucidate significant risk factors for infection with porcine cysticercosis, including 

age and gender distribution, in order to improve understanding of disease transmission 

in peri-urban communities of north central Nigeria. Results could then be used to 

identify and justify appropriate cost-effective intervention strategies to decrease 

disease burden in the study areas. 

 

4.3 Materials and Methods 

4.3.1 Study design and field survey 

A cross sectional survey was conducted in Plateau and Benue states of north central Nigeria 

from March 2011 to October 2012. Preliminary visits were made to select the study area and 
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selection was based on the local importance of pig production, marketing and consumption, 

accessibility, and recent co-operation with similar studies. An enlightenment campaign was 

given before the study commenced, and human and veterinary medical attention was offered 

free-of-charge at each study site, as indicated in chapter 2. 

 

4.3.2 Ethical clearance 

Ethical clearance was obtained from the Ethical/ Research and Publication committee of the 

National Veterinary Research Institute Vom, and Jos University teaching hospital prior to 

commencing PhD studies in Bristol and it was renewed by the Ethical/ Research and 

Publication committee of the National Veterinary Research Institute Vom while studies had 

commenced. Permission to conduct studies in the selected villages was obtained from the 

village heads and district officers. 

 

4.3.3 Animal population and sampling 

Sample size estimation was calculated using the formula n = Z2PQ/L2, (Martin et al., 1987) 

where n is the required number of individuals to be examined, Z is the Z score for a given 

confidence level, P is a known or estimated prevalence, Q = (1- P), and L the allowable error 

of estimation. An estimated prevalence rate of 20 % was used, based on studies by Onah and 

Chienjina (1995). The estimated sample size required was (n = Z2PQ/L2 = 1.962 x 0.20 x (1-

0.20) / 0.052 = 245) which was adjusted to an aim of at least 300 to allow for minor 

deviations from the calculation assumptions. Households keeping pigs in the study sites were 

visited and selected, using the snowballing technique until the required numbers of pigs were 

sampled. In the current study, we used 95% as the confidence level with an allowable error of 

estimation of 0.05. The sample size was increased for the same reasons as in chapter 2, 

mainly a high level of engagement from farmers and interest in obtaining results for all pigs, 

and 924 pigs were eventually included in the study. 

The study population consisted of intensively raised pigs (intensive commercial), semi-

intensively or extensively raised pigs (comprising tethered pigs, free ranging-pigs, seasonally 

confined pigs and pigs kept in pens in the night and let loose in the day time), and backyard 

pigs kept in pens. Non-pregnant and non-recently bred pigs were selected, for ease and safety 

of handling. Each pig was identified by house and serial number per household. On visiting a 
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household where the farmer kept pigs, the eligible pig was restrained with the aid of a pig 

snare in lateral recumbency and the head was stabilized. About 5 ml of blood was collected 

from the ear vein or anterior vena cava of the pigs and kept in a glass tube in an inclined 

position to clot, and sera prepared from these samples was stored at −20°C for serology with 

Ag ELISA using glycoproteins as described by (Dorny et al., 2003). Information on the 

potential environmental, demographic and other risk factors associated with transmission of 

porcine cysticercosis within the community was recorded, through modified questionnaires 

(Appendix 1). 

 

4.3.4 Cyst collection 

Pig carcasses containing cysts were bought in the official slaughter houses in Benue state (in 

Makurdi town), and metacestodes found in infected carcasses were dissected out (comprising 

the complete cyst, including those with or without fluid), as described by Sikasunge (2005) 

and Simokoko (2013). The cysts were then cleansed in phosphate buffered saline (PBS) 

solution. Cysts were then placed on Whatman Specialist Cellulose Filter Paper - (4) (Sigma-

Aldrich), to dry out surplus phosphate buffered solution (PBS). A sterile scalpel blade was 

then used to puncture individual cysts, and fluid was aspirated using a 20 ml syringe with 18 

gauge needle, and transferred into universal tubes as descried by Simokoko (2013). Cyst fluid 

samples were stored at -80 °C until transported in chilled containers to the School of 

Veterinary Medicine, University of Bristol, Langford, Bristol, where they were again stored 

at -80 °C until being processed in the laboratory. 

 

4.3.5 Preparation of crude Taenia solium cyst antigen 

The method used was a modification of that described by Simokoko (2013) and Sikasunge 

(2005). About 4 ml of the thawed cyst sediment was poured into 62 ml of PBS, which had 

0.01 % of NaN3 (0.1 g sodium azide in 1 itre PBS). The sediment was frozen (80 °C) and 

thawed three times, and was then sonicated for 3 min (100 volt) before homogenization. The 

homogenized solution was centrifuged at 13,000 rpm at 40 °C for 45 min, and the supernatant 

aliquoted into a 2 ml vial and stored at -80 °C until use as antigen for the Ab-ELISA. 

Protein concertation in cyst fluid was determined by using PBS (pH 7.2) as described by 

Sikasunge (2005). PBS was filled into two cuvettes, and the spectrophotometer was set at OD 
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280 nm order to obtain a setting at zero. The reference cuvette was then placed in the 

spectrophotometer, while the other cuvette was replaced with another freshly filled with T. 

solium cyst fluid, and read at OD 280 nm, and OD 260 nm. The protein content was 

determined using the formula (Sikasunge 2005): 

{(OD 260 nm X 1.5) - (OD260 nm X 0.76)} X dilution = mg protein / ml) 

 

4.3.6 Serological test for detection of antibodies to Taenia solium (Ab-ELISA) 

Serum samples from 924 pigs were examined serologically for the presence of anti-T. solium 

IgG antibodies, using the crude antigens extracted from T solium metacestodes, as described 

above. 

Plates were coated with 100 μl coating buffer per well (pH 9.4) containing crude antigen 

extract and left overnight at 4 °C in a humidified atmosphere. They were then washed four 

times with PBS containing 0.05 % Tween 20 and stored as above, and 200 μl of blocking 

buffer (p.H 7.4) was used to block the plates and left for 3 hr at room temperature. Plates 

were then washed again four times.  

Serum was diluted 1/50 in assay buffer (pH 7.4) and 100 μl was placed in each well. Row H 

of each plate was set with 4x strong positive control, 4x weak positive control and 4x 

negative control. The plates were then incubated at room temperature for 2 hrs and washed 

four times. Secondary antibody was diluted in 1/20 assay buffer (3.75 μl antibody to 75 μl 

assay buffer) and 100 μl was added per well. Plates were again incubated at room 

temperature for 2 hrs and washed four times as above. Tertiary antibody was diluted 1/20,000 

in assay buffer and incubated at room temperature for 2 hrs, and washed four times. Finally, 

100 μl of OPD solution was added per well and plates were incubated in the dark at room 

temperature for 30 min, and the reaction was stopped by adding 50 μl of stop solution and 

plates read at 492 nm wavelength. 

The cut-off value for a positive result was determined as the mean plus three times the 

standard deviation, i.e. cut-off = Mean of Negatives + (3 x SD of Negatives). 
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4.3.7 Assay procedure for enzyme-linked immune electrotransfer blot (EITB) 

A commercial EITB assay for anti-T. solium antibody detection from pig samples was used 

(www.ldbiodiagnostics.com, 19A rue Louis Loucheur, 69009 Lyon, France). A distribution 

plan was established for both controls and samples. Strips were placed in numerical order and 

attached in a folder R1. 1.2 ml of sample buffer (R2) was dispensed into the designated 

channels. R1 strips were cut and kept firmly in place by ruler, and strips cut out along the 

book binding edge. Tweezers were used to place strips face-up into each channel of the tray 

according to the distribution plan. A gentle shake was applied to the tray, making sure the 

strips were covered, and incubated for 5-10 min to thoroughly wet the strips. About 25 µl of 

each serum and 25 µl of positive control were then put into the channels following the 

distribution plan. A gentle shake was given after each dispensation.The samples were then 

incubated on a rocking platform for about 10 cycles / min for 90 ± 5 min at room temperature 

(RT) 18-25 °C. 

The wash step was then performed. The liquid was aspirated from each channel from a tip 

connected to a vacuum system, and about 2 ml of diluted wash buffer was dispensed into 

each channel and the tray was given a gentle shake and the liquid aspirated from the channel. 

Again, 2 ml of diluted wash buffer was dispensed into each channel and incubated for 3-5 

min on a rocking platform. The liquid was again aspirated from the channel and the wash step 

repeated in full. About 1.2 ml of anti IgG conjugate (R3) was dispensed into each channel 

tray and given a gentle shake to ensure strips were well covered with the buffer, face-up. The 

tray was then incubated on a rocking platform for 60 ± 5min at 18-25 °C. The wash step was 

repeated again. About 1.2 ml of NBT/BCIP substrate (R5) was dispensed into the channels. A 

gentle shake was given to the tray to ensure that the strips were well covered with the 

substrate, face-up and incubated on the rocking platform at 18-25 °C. The trays were covered 

with aluminium foil. Strips were checked regularly and colour allowed to develop within 60 

min until bands appeared, in contrast to pink-grey background of the strips. Colour 

development was stopped by aspirating the liquid from the channel and dispensing 2 ml of 

distilled water to each. This step was repeated one more time. 

 

 

 

http://www.ldbiodiagnostics.com/
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4.3.8 Data handling and analysis 

 

Ab-ELISA results analysis 

The Ab-ELISA was used to measure T. solium specific antibody response by IgG class 

(Carpio et al., 1998), using the crude homogenates of cystic fluid of T. solium cysticerci. An 

aliquot of each of the 924 serum samples was subjected to IgG antibody-detection ELISA 

using crude extracts of local antigen to demonstrate exposure to porcine cysticercosis (T. 

solium IgG, antibodies). The distribution of IgG antibodies optical density (OPD) values was 

plotted on a histogram. However, only 556 samples were further analysed to determine the 

risk factors responsible for porcine cysticercosis due to inadequate serum samples or lack of 

complete detailed sample meta-data (there were some missing data, while in some cases the 

farmers declined to respond to some questions).  

Data were entered into an Excel spreadsheet (Microsoft Inc.) and exported to SPSS version 

25.0 (PASW Inc.) for statistical analysis. Chi-square tests were initially used to test for 

association between the presence of T. solium antibodies in pigs and the categorical variables 

across the following factors: 

• Sex 

• Age 

• Breed 

• Husbandry system 

• Deworming history 

• Month of sampling 

• Location 

A p-value <0.10 was taken to indicate a potential association. For those variables, the 

association was further assessed using binary logistic regression in order to determine the 

significant predictors of porcine cysticercosis, taking account of interactions between factors. 

Odds ratios (OR) were obtained to estimate the degree of association between the 

independent and dependent variables, with OR > 1 indicating a positive association with 
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antibody presence above the cut-off. Significant factors returned 95 % confidence intervals 

for OR that did not span unity. 

 

EITB results analysis 

Out of the 556 pig serum samples, the commercial antibody-detecting enzyme-linked 

immune electrotransfer blot (EITB) assay was used on only the 47 serum samples exceeding 

the optical density cut-off for the Ab-ELISA test. The EITB was therefore used as a 

confirmatory test, to identify true positives and rule out Ab-ELISA tests positive due to cross-

reactions with antibodies to other parasite species. Ab-ELISA negative serum was not tested 

due to financial constraints. The presence of a minimum of any well-defined two bands on 

the strip, among the five bands, was taken to represent porcine cysticercosis exposure or 

contact with the antigen. Histogram was plotted for the 47 serum samples to show 

distribution of specific T. solium IgG antibodies in pigs. 

 

4.4 Results 

4.4.1 Population characteristics of the pigs tested 

Population characteristics differed slightly from those in chapter 2, since only 556 of the 924 

pigs sampled were tested using the Ab-ELISA. Overall, 58.9 % of the pigs were females 

compared with 41.1 % males, and the majority were growers (5-8 months, 44.1 %), followed 

by adults (≥ 9 months, 38.4%) and the smallest category was piglets (≤ 4 months, 17.5%). A 

total of 70 % of the pigs were native breeds, and 30 % were commercial breeds or crosses. In 

respect of the husbandry system, 60.3 % of pigs were semi intensively raised (including some 

free-ranging), 20 % were kept confined in backyard pens, and 19.7 % were kept in 

commercial intensive farms. Population structure of the sampled pigs is shown in Table 4.1. 
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Table 4.1 Population characteristics of the 556 pigs in the serological survey. 
Gender  Number sampled Percentage sampled 

Females 324 58.9 
Males 226 41.1 

Total 550 100 
Missing 6  

Age groups 

Piglets (< 4 months) 95 17.5 
Growers (5-8 months) 239 44.1 

Adults, (> 9 month)  208 38.4 
Total 542 100 

Missing 14  

Husbandry system 

Pens 111 20 

Semi-intensive 335 60.3 
Intensive commercial 110 19.7 

Total 556 100 

Deworming history 

Not regularly dewormed, 413 74.5 

Regularly dewormed 141 25.5 
Total 554 100 

Missing  2  
Breed 

Native breed 388 70 

Agricultural breed 168 30 
Total 556 100 

Month 
April 94 17.5 

August 126 23.5 

September 14 2.6 
October 302 56.3 

Total 536 100 
Feed 

Commercial feed 

 

16 2.9 
Kitchen assorted  

 

538 96.7 

Commercial waste 2 0.4 

Total 556 100 
Local government 

Jos south 94 16.9 
Gboko 116 20.9 

Oshongo 24 4.3 

Langtang North 322 57.9 
Total 556 100 

Village 
Gyel 62 11 

Tanchol 32 5.8 
Atonko 27 4.9 

Oshongo 38 6.9 

Yandev 33 6 
Adekaa 42 7.6 

Longjah 150 27.1 
Lumbob 170 30.7 

Total 554 100 

State 
Plateau state 416 74.8 

Benue state 140 25.2 
Total 556 100 
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4.4.2 Distribution of anti-Taenia solium IgG antibodies in pigs, using ELISA 

The IgG antibody optical density (OPD) values estimated by the crude antigen based Ab-

ELISA among 556 pigs were normally distributed as shown in Figure 4.1. The peak of the 

curve was observed in 339 pigs that had optical density values ranging from -0.0019 to 

0.04896, and the maximum value of 2.481167 was observed in a 7 month old female pig. 

Using the cut-off titre specified (mean of negative control + 3x SD of negative control), 51 

out of the 556 (9.2 %) pigs were seropositive for cysticercosis. These correspond to columns 

7-13 on the distribution curve (Fig. 4.1), above the cut-off of OPD 0.09972. 

 

Figure 4.1. The distribution of Optical Density (OPD) of anti-Taenia solium IgG 

antibodies in pigs in North Central Nigeria. 
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4.4.3 Predictors of Ab-ELISA seroprevalence 

Seroprevalence of IgG was 9.2 % (95% CI 6-11 %). The model included results from 556 

pig, (Hosmer-Lemeshow χ2 = 1.133, 6 d.f, p =0.98; Nagelkerke’s r2 =0.054).  

Month was the only variable significantly associated with seroprevalence. Evidence of 

porcine cysticercosis was less likely to be found in April than in October (Table 4.2). April 

corresponds to the end of the dry season, and October to the end of the rainy season. The 

chance of testing positive for T. solium antibodies was not significantly associated with the 

other variables tested, i.e. pig breed, gender, management system and deworming history. 

 

Table 4.2 Significant predictors of porcine cysticercosis by binary logistic regression, 

using IgG Ab-ELISA. N = sample size, OR = Odds Ratio, CI = Confidence Intervals, p = p-

value. Only significant results are shown. For a full list of factors and levels, see Table 4.1. 
 

Factor N B Sig. OR 95% CI Prevalence 

Month (relative to reference month of October) 

April 94 -1.389 0.033 0.249 0.07-0.892 0.03 

October 314 
    

0.12 

Constant 
 

-3.244 0.001 0.039 
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4.4.4 Distribution of anti-Taenia solium antibodies in pigs, using EITB 

Serum from the 47 pigs testing positive by Ab-ELISA were subjected to the commercial 

EITB test. Optical density for IgG in this group peaked in 14 pigs that had an optical density 

value ranging from 0.000445 to 0.03629, as indicated in Fig. 4.2. 

 

Figure 4.2 the distribution of Taenia soium IgG antibodies from 47 pigs in peri urban 

communities of North Central Nigeria, using enzyme-linked immune electrotransfer 

blot (EITB).  

 
 

Among these 47 samples, four had a band of size 6 kDA (8.5 %; 95% CI 3 – 23 %), 

indicative of active cysticercosis and confirming the result of the corespinding crude antigen 

based IgG ELISA. The pigs were all from Plateau state, Langtang local government, three 

females and one male. Binary logistic regression was attempted to determine significant 

associations with demographic and management factors, but no significant associations were 

found (Hosmer-Lemeshow χ2 = 4.38, 2 d.f, p = 0.112; Nagelkerke’s r2 = 0.036). 
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4.5 Discussion 

Results indicate a sero-prevalence of porcine cysticercosis of 9.2 % by IgG antibody-

detecting ELISA, of which 8.5 % of the positive results were confirmed by EITB.  

The ELISA results agree with the findings of other workers, including prevalence of 8.5 % 

reported by Waiswa et al. (2009) in Southeast Uganda; 6.9 %, 3.3 %  and 5.1 % 

respectively in Zambia, Uganda and Tanzania by Schmidt et al. (2015); 13.5 % and 16.4 % in 

a Community Led Total Sanitation study pre- and post-intervention in Zambia by Bulaya et 

al. (2015); and 5.1 % by Saravanan et al. (2014) in northern India. The prevalence in this 

study is, however, lower than the 17.2 % repored in western Kenya by Thomas et al. (2014); 

25.7% by Nsadha et al. (2014) in Uganda; and 34.9 % by ELISA in Mozambique by Pondja 

et al. (2010). Eshitera et al. (2012) observed a prevalence of 32.6 % by ELISA in Kenya. 

Assana et al. (2010) observed 24.6 % and 32.2 % ELISA for antigen and antibody detection. 

Sikasunge (2005) reported a prevalence of 37.2 % by Ab-ELISA in Eastern and Southern 

Zambia. Krecek et al. (2008) observed a prevalence of 33.3 % by EITB in the Eastern Cape 

Province, South Africa. Praet et al. (2010) observed a sero-prevalence of 38.4 % in the 

Democratic Republic of Congo. Gavida et al. (2013) observed a sero-prevalence of 60.5 % in 

endemic areas of Peru. Jayashi et al. (2012) indicated a sero-prevalence of 45.6 % by EITB in 

an endemic rural area of Peru, and Jayashi et al. (2014) 45.2 % by EITB in Morropon, Piura, 

Peru. Futhermore, Mohan et al. (2013) indicated a sero-prevalence of 11.6 % for circulating 

antigen and 59.8 % for circulating antibodies in Vellore, South India, and Khaing et al. 

(2015) a prevalence of 15.9 % by ELISA in South East Asia. Yulianto et al. (2014) indicated 

1.8 % sero-prevalence of porcine cysticercosis in Way Kanan District, Lampung Province, 

Indonesia, while Kagira et al. (2010) measured 4 % in free-range pigs in western Kenya.  

The husbandry system in the sudy area exposed the pigs to have free access to human faecal 

contamination, from where they acquired the infection. This indicates a continuous level of 

infection in these environments, to which the animals are regularly exposed. The variations 

observed in the different countries may be a result of different factors, namely different 

diagnostic systems, seasons of sampling or climatic conditions, breeds of pigs and the 

different husbandry systems used. Overall seroprevlance in tne current study was 

intermediate among previous studies in sub-Saharan Africa, and confirms the presence of 

Taenia solium exposure and active infections in North Central Nigeria. 
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The binary logistic regression model showed that antibodies indicating prior exposure to 

porcine cysticercosis were less likely to be found in April compared with October. October is 

the last month of the rainy season and free roaming pigs in that period are more likely to have 

had access to human defecation sites. Morover, in that period the bushes are still tall and 

serve as shade to hide individuals who practise open field defecation, as they can do so then 

freely without the shame of been seen by onlookers. Indeed, fresh faeces were observed to be 

littered in some of the study locations visited at that time of year, and emitted strong foul 

smells which were being inhaled by the villagers. More pigs were sampled in Ocober (56.3 % 

of total) compared to April (17.5 %), but this should not influence the outcome of the logistic 

regression. The higher prevalence of antibodies observed is more likely to indicate higher 

levels of infection in free roaming pigs in the rainy season.  

Ganaba et al. (2011) observed that scavenging pigs in the rainy season were more likely to be 

infected with porcine cysticercosis compared to pigs confined in pens throughout the rainy 

season and the association was significant. Assana et al. (2010), on the other hand, observed 

that the prevalence of cysticercosis in free roaming pigs in the rainy season was 14.8 %, 

while confined pigs had a prevalence of 26.2 %, though the association was not significant by 

univariate analysis. Secka et al. (2010a) did not find any significant relationship between 

seasonal confinement of pigs and levels of cysticercosis. Braae et al. (2013, 2014) reported 

that pigs in their study sites in Tanzania were mostly kept on free range from June to 

November, and confined from December to May, to prevent pigs from damaging crops on 

farmlands, although the authors reported a possibility of higher transmission of porcine 

cysticercosis in the dry season, when more pigs are kept on free range. In Tanzania, the rains 

generally fall in March-May and again in November-December.  

The difference in the seroprevalence of porcine cysticercosis observed in the current study in 

comparison to the other studies is likely due to the different climatic conditions in the 

different regions, variations in rate of infection, exposure within the villages, different 

management practicess or inadequately constructed pig pens, breed of pigs and diagnostic 

methods used. Social and cultural factors might also be important, such as the propesity for 

open human defecation or defecation in pens or feed stores used for pigs, as well as the 

availability and use of latrines. 
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None of the other risk factors in the study had any significant association with the 

seroprevalence of porcine cysticercosis, including management system, breed of pigs, gender 

and deworming history with the seroprevalence of porcine cysticercosis. 

Other workers reported significant associations between breed of pigs and seroprevalence of 

porcine cysticercosis (Krecek et al., 2012; Phiri et al., 2006; Sikasunge et al., 2008; 

Borkataki et al., 2012 and Saravanan et al., 2014), although these generally used univariate 

analyses that are more open to confounding, for example through co-variation in breed, diet 

and management. The present study observed that the native breed of pigs had a higher 

prevalence of porcine cysticercosis compared to the cross breed of pigs (11 versus 4 %), and 

this was significant using univariate chi-square test but not the more robust binary logistic 

regression. Krecek et al. (2012) recorded higher infection in cross bred pigs than in 

indigenous pigs The differences observed might be due to breed predisposition or due to the 

number of particular breed of pigs in the study area (Borkataki et al., 2012). 

The absence of a significant association in the present study between seroprevalence and 

management was perhaps surprising, given the likely importance of free-ranging in ensuring 

access to infective human faeces. The presence of antibodies, however, indicates prior 

exposure and seasonal variation in management (see above) is likely to complicate the 

relationship between management and exposure. EITB was successful in confirming the 

presence of active T. solium infections in pigs in the study areas, but also showed that the 

majority of ELISA-positive pigs probably demonstrated historical and not current infections. 

Multivariate analysis of EITB results was not possible given the small number (n=4) of 

positive pigs. 

 

4.6 Conclusions 

The result of the present study indicates that T. solium cysticercosis is present and common in 

the study area. The difference between ELISA and EITB results suggests that most pigs 

carrying antibodies had either dead cysts or residual antibodies form historical infections 

(Garcia et al., 2001). Nevertheless, some pigs had active cysticercosis as shown by the EITB 

test as indicated by the presence of band 6 kDa. The overall sero-prevalence of cysticercosis 

in the present study is lower than observed in some previous studies in the same area, for 

example 44.6 % by Weka et al. (2009), perhaps showing a decrease in pocine cysticercosis in 
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the region. This difference might be due to different diagnostic technique used in the two 

studies, but could also be explained by the fact that the farmers were educated through 

previous research projects on the risk factors responsible for the spread of porcine 

cysticercosis. The presence of infection in this study indicates that the environment is 

contaminated, and the conditions needed for porcine cysticercosis transmission are present in 

the environment. These are likely to include open field defecation, low sanitation, extensive 

or semi-intensive systems of pig management that include free roaming, and consumprion of 

improperly cooked and uninspected pork meat (Pondja et al., 2015). The present findings 

thus imply that porcine cysticercosis is a public health risk in these rural areas where pigs are 

produced, and also to urban centers where pigs from rural areas are eventually transported 

(Sikasunge et al., 2008; Mkupasi et al., 2011). 

 

Limitations of the study 

Only 556 samples of the >900 collected were analysed to determine the risk factors 

responsible for porcine cysticercosis, due to inadequate serum samples or lack of complete 

detailed information. Assocaitions were few, and the fact that antibodies seem to be 

indicating mainly historical infections decreases the power of the study to find correlates of 

acive infection. Only 47 samples were subjected to EITB assay, due to financial constraints, 

hence it was not possible to examine the true status of false negative ELISA results. This also 

precluded statistical analysis of factors associated with active cysts in the pigs. In the logistic 

regression analysis, general demographic and management factors were included, but specific 

human behavioural factors likely to drive contamination of pig environments with T. soilum 

eggs, were not considered. In any case, these might closely correlate at household level, i.e. 

pigs can be infected with eggs shed by people in other households. 

The levels of cysticercosis reported in the present chapter pose a publc health risk to people 

in the study area. Their status with respect to T. solium infection is considered in the next 

chapter. 
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5.1 Introduction 

Taenia solium is economically the most significant and important zoonotic (public health) 

parasite among all the Taenia species (Ngowi et al., 2013) on the African continent. The 

WHO has declared that about 50 million people are known to be infected with the parasite, 

which is responsible for the disease Taenia solium cysticercosis / neurocysticercosis (NCC) / 

taeniosis (WHO, 2006, 2013;Coral-Almeida et al., 2015) and causes about 50,000 deaths per 

year in endemic areas (WHO 2006). Globally the WHO has indicated that T. solium is first on 

the list of foodborne parasites, and the disease T. solium cysticercosis is included in the WHO 

list of the 17 most neglected tropical diseases. The disease is also among the four neglected 

zoonoses targeted by the World Health Assembly with the adoption of resolution WHA66.12 

on 23 May 2013 for control and eradication (WHO 2013). The World Health Organization 

(WHO) now considers it as a ‘‘major neglected disease’’ and not just a ‘‘neglected’’ diseases 

(Savioli and Daumerie, 2010). 

Taenia solium cysticercosis is considered eradicable for the following reasons: 

a) Indication of abolition of disease in Europe and North America by observing strict 

hygienic and improved environmental conditions; 

b) The sole definitive source of infection for cysticercosis is humans;  

c) Only domestic animals are significant in transmission of the disease;  

d) Accessibility to control measures, comprising mass treatment of humans, is widespread in 

endemic areas (Schantz et al., 1998; Gilman et al., 1999). 

 

5.1.1. Regions at risk of cysticercosis 

The life cycle of the parasite is maintained in low income countries, between the pig and 

humans, through low hygiene environments (open field defecation), traditional pig rearing 

systems (which allow pigs to come in contact with infected feaces from a human tapeworm 

carrier), poor veterinary inputs, and increased demand for pork consumption (Murrell, 2005; 

Garcia et al., 2006; Ngowi et al., 2013). Taenia solium cysticercosis is primarily a disease of 

poor smallholder pig producers, although infection can be found even in individuals who do 

not consume pork or rear pigs (Johansen et al., 2014). Increase in globalization, leisure travel, 

immigration of infected individuals from endemic regions, and improved diagnostic 
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techniques, have also led to an increase in diagnosis of the disease in more developed 

countries (O'Neal et al., 2011; Del Brutto, 2013).  

The disease is currently endemic in low-income countries including in Latin America, Asia 

and sub-Saharan Africa (WHO, 2006, 2010, 2014; Johansen et al., 2014). Lightowlers (2013) 

reported that the infection may be found in any place in the world, due to the simplicity with 

which a tapeworm carrier can travel from an endemic area to non-endemic areas. In addition, 

reports indicate that cysticercosis was previously endemic in Europe (Zammarchi et al., 

2013), but was eradicated by observing carcass inspection, upgraded pig management 

systems, improved hygiene and environmental conditions, and public health enlightenment 

campaigns aimed at pork consumers (Pozio, 2008).  

 

5.1.2 Epidemiological studies of neurocysticercosis  

The disease neurocysticercosis (NCC) in humans occurs when tapeworm cysts occur in the 

central nervous system (Del Brutto, 2005; Winkler, 2013). The disease arises in man from 

consumption of T. solium eggs in infected feed and water, including through low sanitary 

habits (Ndimubanzi et al., 2010; Carabin et al., 2011; Ganaba et al 2011; Johansen et al 

2014). When the metacestodes establishes in the brain it causes neurocysticercosis which 

leads to epileptic seizures, and globally has been identified as the most significant cause of 

acquired preventable epilepsy (Ngowi et al., 2011 2013; Carabin et al., 2011). It is especially 

a problem in endemic regions where pigs are kept traditionally with low sanitation (Preux and 

Druet-Cabanac; 2005; Quet et al., 2010; Winkler, 2013). Neurocysticercosis is responsible 

for 30 % of cases of acquired epilepsy in endemic areas (Ndimubanzi et al., 2010). In those 

regions, the prevalence of epilepsy is double that of developed or high income countries 

(Preux and Druet-carbanac, 2005); see chapter one for details. 

Though limited studies have been carried out in Africa, there are indications that NCC is 

endemic and spreading within the region, with significant symptoms evident in the populace 

(Coyle et al., 2012; Winkler et al., 2009ab). The World Health Assembly (2003) reported that 

numerous African countries have high prevalence of T. solium cysticercosis / taeniosis, while 

there is either little or no data in other countries. Some countries that have data on the 

prevalence of cysticercosis/neuro cysticercosis are indicated in Table 5.1.  

Table 5.1: Prevalence of cysticercosis and neurocysticercosis in humans in Africa.
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West Africa Country Subjects Diagnosis   Study  Cysticercosis  Neuro 

cysticercosis 

References 

     
Ag-

ELISA  

Ab-

ELISA  

  

 
Benin 2625 EITB, Ag-

ELISA 

Population  1.3 
  

Houinato et al., 1998 

 
Burkina Faso 763 Ag-ELISA Population 

based 

10.3, 1.4, 

0 

  
Carabin et al., 2009 

  
734 Ag-ELISA Population-

based 

4.5 
  

Nitiéma et al., 2012   

 
Gambia 630 EITB, CT-

Scan,Ag-

ELISA 

Case control among 

epileptics 

0 
 

Secka et al., 2010  

 
Nigeria 125 Ab-ELISA 

(IgG) 

Population based 9.6 
 

Weka et al., 2013 

 
Senegal 403 Ag ELISA, 

EITB, CT-

scan 

Population 

based 

11.9 11.9 23.3 Secka et al., 2011 

 
Togo 5264 ELISA, X-ray Adult 

epileptic 

patients 

2.4b, 29.5% 
 

Dumas et al., 1989 

Central Africa Burundi  324 PWE, 

648 controls 

Ab-ELISA Case 

controls 

 Ag-

ELISA  

EITB 59.5% in PWE*, 

31.5% controls 

Nsengiyumva et al., 2003 

  
250 Ab-ELISA PWE 

 
61 

 
Diagana et al., 2005   

303 PWE, 606 

control 

 Ab/Ag 

ELISA- 

Case 

controls 

38.3, 20% 58.7% in PWE* 31.4% 

controls 

Prado-Jean et al., 2007 

  
168 Ab-ELISA Population-based 1.20% 

 
Nkouawa et al., 2010, 

2011   
500 EITB Population-based 25.80% 

 
O'Neal et al., 2012   

Cameroon 137 

Butchers,198 

Ag-ELISA Butchers  3.6% Butchers,4.5% 

controls 

 
Vondou et al., 2002   
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controls   
504 PWE Ab/Ag ELISA Population 

based 

1.2% Ag 44.6%,Ab 
 

Zoli et al., 2003   

  
4993 Ag-ELISA,Ab 

ELISA,CT 

Scan 

Population 

based 

0.4% 1.0 %, 3.0% 59.1% of 

Sero+ncc 

Nguekam et al.,2003   

  
93 PWE,81 

Controls 

Ab-ELISA Population based 18.3% PWE,14.8% Contols Dongmo et al., 2004 
 

 
D.R. Congo 943 Ag-ELISA Population-

based   

21.6b 
  

Kanobana et al., 2011 

Eastern and 

Southern 

African 

Tanzania 212 PWE CT scan  Hospital-based 
 

16.5% ncc Winkler et al., 2009a, 

Blocher et al., 2011 

  
544 Circulating 

antibody 

General 

population 

16.3% 
  

Mwang’onde et al., 2012 

  
830 Ag-ELISA ,AB-EELISA,CT 

scan 

16.7% 45.3% 54.6% Mwanjali et al., 2013 

  
2094 Ag-ELISA    Population 

based 

6.6% 
  

Thomas, 2014 

 
Madagascar 4375 Ab-ELISA/ 

EITB 

Population-based 7-21% 
 

Andriantsimahavandy et 

al .,2003   
73 EITB US Peace Corps 8.2%, 

 
Leutscher et al., 2004   

Zambia 708 Ag-ELISA Population-

based  

5.8 
  

Mwape et al., 2012 

  
1129 Ag-

ELISA.EITB 

Population-

based  

12.49 34.55 
 

Mwape et al., 2013 

 
Mozambique 269 Abs Urban children  20.8% 

 
Noormahomed et al., 

2003  
South Africa 92 CT scan PWE (Hospital)  

 
37% Foyaca-Sibat et al., 2009 
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5.1.3 Epidemiological studies of taeniosis in Sub-Saharan Africa 

Taeniosis refers to the infection with an adult tapeworm, as opposed to with cysts in 

cysticercosis. Humans acquire taeniosis as a result of consuming contaminated undercooked pork 

(Johansen et al., 2014; Ganaba et al., 2011; Ngowi et al 2011, 2013; Schmidt et al., 2015). 

Although taeniosis is relatively benign in terms of direct health consequences (Garcia et al., 

2006), tapeworm carriers contaminate the environment with eggs, driving disease in others, and 

are at much higher risk of developing NCC themselves through their environment or 

autoinfection. Zoli, et al. (2003) and Prado-Jean et al. (2007) indicated that high prevalence of 

porcine cysticercosis in pigs in numerous regions indicates high prevalence of human taeniosis.  

Geerts et al. (2004) indicated that there are limited data available on the prevalence of taeniosis 

in some African countries, although reports from various studies have indicated that taeniosis is 

prevalent in sub-Saharan Africa, as expected from the prevalence of cysticercosis and indicated 

in Table 5.2. 
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Table 5.2 Prevalence of Taeniosis in humans in Africa. 

Country Prevalence 

(%) 

subjects Diagnostic Test References 

Ghana 0 School children 

1080 

Stool microscopy Nikrumah and 

Nguah,2011  

1.1 Villagers 292   KATO-katz Humphries 2011 

13.15 Villagers 494    KATO-katz Bimi et al 2012 

Guinea 

(Conakri) 

3.8 School children 

800 

Coprology Gyorkos et al., 1996 

Nigeria 8.7 Hospital patients 

1525 

Coprology Onah and Cheinjina 

1995 

8 Villagers 50 Coprology Gweba et al., 2010 

Togo 0.09-0.26 Adult population 

170 

 Dumas et al., 1990 

Senegal 4.7 Villagers 43 

 

Direct fecal 

examination 

Secka et al., 2011 

9.3 FECT 

2.3 ***Wormexpulsion 

(PCR-RFLP). 

Burundi 0.22 

 

School children 

(n = 13841) 

Coprology Newell et al., 1997 

Cameroon 0.09 T. 

solium 

0.04 T. 

saginata 

General population 

(n = 3109) 

Morphological 

identification of 

proglottids 

Vondou et al., 2002 

D.R. 

Congo 

0.37 All villagers > 1 

year old 

(n = 816) 

Coprology Kanobana et al., 

2011 

Ethiopia 1.4 419 school children Coprology Terefe et al., 2011 

1.8 384 food handlers Coprology Abera et al., 2010 

Namibia 0.9 Hospital patients  Evans and Joubert, 

1989 

Tanzania 0.01 T. 

solium 

0.03 T. 

saginata 

Villagers 

(n = 1057) 

 

 Eom et al., 2011 

 

5.24  

 

820 Copro-Ag ELISA 

 

Mwanjali, et al., 

2013 

4.12 EITB (rES38) 

 

1.10 2003 FECT 

Kenya 19.9%  Copro-Ag ELISA 

FECT 

Thomas, 2014 
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FECT = formol-ether concentration technique 

***Morphological identification indicated it was T. saginata 

***Mwape et al., 2012 one of the recovered tapeworm was T. solium based on confirmation by 

PCR-RFLP 

 

5.1.4 Economic significance of taeniosis and neurocysticercosis 

Taeniosis and NCC have a significant effect on public health and food safety, and pose 

tremendous dangers to pig production (Ngowi et al., 2007; 2011). The disease causes 1 % of 

epilepsy in most endemic communities (Coyle et al., 2012) and the cost was estimated to be 

about 170.000 F CFA (€259) in Cameroon for diagnosis, hospitalisation and treatment per case 

(Djou, 2000). However, the most significant effect of neurocysticercosis is incapacititation and 

Country Prevalence 

(%) 

subjects Diagnostic Test References 

Zambia 

 

6.3 

 

Village people  

(718) 

Copro Ag ELISA   Mwape et al., 2012 

0.28 

 

(712) 

 

FECT ***Mwape et al., 

2013 

0.00 
 

Namibia 0.9 Hospital patients  Evans and Joubert, 

1989 

Tanzania 0.01 T. 

solium 

0.03  T. 

saginata 

Villagers 

(n = 1057) 

 

 Eom et al., 2011 

 

5.24  

 

820 Copro-Ag ELISA 

 

Mwanjali, et al., 

2013 

4,12 EITB (rES38) 

 

1.10 2003 FECT 

Kenya 19.9%   Copro-Ag ELISA 

FECT 

Thomas, 2014 

Zambia 

 

6.3 

 

copro Ag ELISA  

(718) 

 

Village people Mwape et al., 2012 

0.28 

 

FECT(712) 

 

226 ***Mwape et al., 

2013 

0.00 FECT 
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mortality among patients, and the financial losses suffered by smallholder pig farmers owing to 

condemnation of infected carcasses and pigs (Garcia et al., 2003; Ngowi et al., 2007; 2011, 

2013; Mutua et al., 2010; WHO 2013). Reports have indicated that about 1.9 million 

symptomatic and 6.16 million asymptomatic individuals are infected with NCC (Winkler, 2013). 

In India, Rajshekhar et al. (2006) reported that about 15.9 % of individuals were seropositive to 

T. solium cysticercosis in an endemic southern area, with cases of active epilepsy reported in 

3.83 in 1,000 people, and 28.4 % of the subjects showed evidence of NCC on CT imaging. 

Drawing conclusions from these data, Coyle et al. (2012) reported that about 1 million cases of 

epilepsy are caused by NCC in the overall populace of India. The same authors have also 

reported that the disease is extremely endemic in southwest China. Savioli and Daumerie (2010) 

also reported that WHO indicated that the prevalence of human cysticercosis in China was 0.11 

%; the authors also indicated that an estimated 1.26 million people have taeniosis while 3–6 

million have cysticercosis. Estimated numbers of persons infected with epilepsy due to 

neurocysticercosis is shown in Table 5.3.  
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Table 5.3 Estimated numbers of persons infected with neurocysticercosis or epilepsy due to 

neurocysticercosis by global region. Adapted from Coyle et al., 2012. 

Geographic Region  Number Infected  Number with NCCa      Number with Epilepsy due to 

NCCa 

Latin America 11–29 million  14.9 million 0.45–1.35 million 

India   1 million 

India 3–7 million  0.3–0.7 million 

Africa   0.31–4.6 million 

 

5.2 Aims of the study 

It is indisputable that neurocysticercosis caused by T. solium infection is an important and 

emerging disease in Africa, where it preys on the poor and uneducated. The characteristics of 

smallholder or backyard pig farming systems, along with ineffective meat inspection procedures, 

militate against successful eradication. Despite the fact that the disease is increasingly  being 

recognized as a significant and emerging threat to public health in Africa (WHO, 2010), there are 

still limited data on the prevalence and epidemiology of T. solium taeniosis and cysticercosis in 

endemic areas, due to limited surveillance, monitoring and diagnostic tools and reporting 

systems (WHO, 2010; Assana et al., 2013) including countries like Nigeria (Edia-Asuke et al., 

2014), where previous surveys have indicated high prevalence of taeniosis and/or porcine/human 

cysticercosis in certain regions of the country. Hence, studies are needed that take a holistic view 

of the causative influences on transmission between pigs and humans in both directions. The 

present work is carried out to establish the prevalence of human cysticercosis in North Central 

Nigeria. 
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The objectives of this study are therefore to: 

• Verify endemicity and estimate the serological prevalence of T. solium cysticercosis in 

humans in rural and peri-urban communities in central northern Nigeria; 

• Determine coprological prevalence of taeniosis in humans in the study area; 

• Investigate the risk factors associated with infection with T. solium in humans in the 

study area; 

• Measure baseline levels of knowledge and practices related to T. solium, to gain a better 

understanding of pig husbandry practices in the study location. 

 

5.3 Materials and methods 

5.3.1 Study design and field survey 

A cross sectional survey was conducted in Plateau, Benue and Kaduna states of north central 

Nigeria from March 2011 to October 2012. Preliminary visits were made to select the study area, 

and selection was based on the local importance of pig production, marketing and consumption, 

accessibility, and recent co-operation with similar studies. An education campaign was given 

before the study commenced, and free human medical attention was offered at each study site as 

indicated in chapter four. 

5.3.2 Study population 

Eligible pig owners and the general populace in the study area were sampled following informed 

and documented consent and consisted of adult household members ranging in age between 15 

and 60 years. 

Ethical clearance was obtained from the Ethical/ Research committee of the Jos University 

teaching hospital prior to commencing PhD studies in Bristol, permission to conduct studies in 

the selected villages was obtained from the village heads and district officers. 

Sample size estimation was calculated using the formula n = Z2PQ/L2 (Martin et al., 1987), 

where n is the required number of individuals to be examined, Z is the Z score for a given 
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confidence level, P is a known or estimated prevalence, Q = (1- P), and L the allowable error of 

estimation. In the current study, we used 95% as the confidence level with an allowable error of 

estimation of 0.05. Households keeping pigs in study sites were visited and selected, using the 

snowballing technique, until the required numbers of respondents (at least 381) were sampled 

(Martin et al., 1987). However, other respondents in the village indicated interest in the study 

and were therefore recruited into the study to arrive at a sample size of 1266. In each selected 

household, the respondents were persons responsible for feeding and caring for the pigs or the 

most informed person available on the day of the visit. 

 

5.3.3 Determination of the prevalence of cysticercosis in humans 

A 5 ml sample of blood was collected from the hand of 1266 volunteer respondents in the study 

area and transported to the laboratory. Blood samples were centrifuged on the same day, and 

serum aliquoted in two 1.5 ml labeled cryogenic vials, and stored at −20 °C for serology. 

Serological analysis followed two stages to maximise sensitivity and specificity while reducing 

laboratory costs. An aliquot of each sample was subjected first to IgG1 antibody-detection 

ELISA using crude extracts of local antigen to demonstrate exposure, and those samples with 

high OPD values were screened by enzyme-linked immune electrotransfer blot (EITB). 

 

Sample analysis for cysticercosis  

IgG antibody-detection ELISA (using crude extracts) plates was set-up to include four duplicate 

positive and four duplicate negative controls and four diluents controls. The mean sample ODs 

minus the mean diluents ODs were corrected for any variation using a correction factor (Harrison 

et al., 1989). The optical density (OD) of each serum sample was compared with the negative 

serum control samples at a probability level of P = 0.001. This was used to determine the 

negative cut-off point and hence distinguish between the positive and negative results. 
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Procedure for IgG ELISA on human serum 

Plates were coated with 100 μl coating buffer per well (PH 9.4) containing crude antigen extract 

and left overnight at 4 °C in a humidified atmosphere. 100 µl extract per 10 µl buffer, and were 

then washed 4 times with PBS containing 0.05 % Tween 20 and stored as above. The plates were 

blocked with 200μl blocking buffer (P.H 7.4) and left for 3hr at room temperature, and again 

washed 4 times as in step 2. The serum was diluted in 1/1, 50µl assay in 50µl serum and 100μl 

was placed per well. Row H of plate was set with 4 times strong positive control, 4 times weak 

positive control, and 4 times negative control on each plate. They were then incubated at room 

temperature for 2hrs and washed 4 times as step 3. Secondary antibody was diluted in 1/20 assay 

buffer (3.75 μl antibody to 75 μl assay buffer) and 100μl was added per well and plates were 

incubated at room temperature for 2 hours and washed 4 times as in step 3. Secondary antibody 

was diluted 1/10,000 in assay buffer 100µl was added per well and incubated at room 

temperature for 2 hours, and washed 4 times again. One PNPP tablet was added to 20ml citrate 

buffer and 100µl solution was added per well ,and plates were incubated in the dark at room 

temperature for 10 minutes and plates were read at 492 nm blanked at 405 nm. 

  

Assay procedure for cysticercosis Western Blot (WB) IgG testing on human serum 

sample: enzyme-linked immune electrotransfer blot (EITB). 

Twenty-four (24) of the samples were further screened by commercial antibody-detecting 

enzyme-linked immune electro transfer blot (EITB) to confirm outcome of IgG antibody ELISA 

above, as in chapter 4. 

A distribution plan was first established and channels were arranged, about 1.2ml of sample 

buffer {(buffer + surfactant + NaN3 (<0.1%) + red dye} was dispensed into each channel. With a 

clean dried scalpel, the required number of strips were cut out, by placing a ruler on the strips 

and cutting the strips out along the book binding site, the numbers and the blue lines were kept 

on the strips. With the aid of a tweezer, one strip of the test strips was placed facing up inside 

each of the channels and gently shaken to make sure that the strips were covered by the buffer, 

and incubated for 5-10 minutes. About 25μl of each human serum sample and 25μl positive 

control was dispensed into the channel, and the tray was gently shaken, serum was incubated on 
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a rocking platform for about 10 cycles/mn per 90 minute (5nm) at room temperature. Liquid was 

then aspirated from the channels by a vacuum system, and 2ml of diluted wash buffer was added 

to each channel, another 2ml of diluted wash buffer was again added into each channel and 

incubated for 3-5 minutes on a rocking platform, after which the liquid was aspirated again. 

Another 2ml of diluted wash buffer was again added into each channel and incubated for 3-5 

minutes on a rocking platform, after which the liquid was again aspirated. About 1.2ml of anti 

IgG (R3 Anti IgG conjugate buffer+polyclonal goat anti-human IgG-Alkaline phosphatase 

conjugate + stabilisers + NaN3 (<0.1%)} +blue dye) conjugate was dispensed into the channel, 

and the tray gently shaken to  cover all strips  with the buffer and incubated for 60 minutes on a 

rocking platform at 18-250c.The channels was washed 3 times as above, and 1.2ml of NBT/BCIP  

substrate (R5 subtrarte buffer+NBT+BCIP+stabilisers) was added into the channel and gently 

shaken  to ensure strips were covered  with substrate face up and incubated on a rocking platform 

at 18-250c,and all trays were covered with aluminum foil. Then colour development was checked 

regularly (about 60 minutes) for the band to appear clearly comparable to the pink-gray 

background colour of the strips. The colour development was stopped by aspirating the fluid 

from the channel and adding 2mls of distilled water, and this step was repeated one more time.   

 

5.3.4 Determination of the prevalence of taeniosis infection in humans 

Faecal sample analysis for taeniosis  

Faecal sample donations were voluntary. Freshly voided early morning faecal samples were 

collected from the respondents (and from persons interested in the survey in the selected villages, 

irrespective of whether they keep pigs or not) in labeled screwed cap bottles, following informed 

and documented consent. Samples were examined macroscopically for tapeworm proglottids 

under strict hygiene, within 24 hours. Faecal samples were also examined microscopically for 

helminth eggs by the formal ether concentration technique. Samples that could not be examined 

immediately were stored at 4 °C until analysis.  

Formol-ether concentration technique was used as indicated in chapter 3 to determine the 

presence of Taenia spp. ova. Faecal examination was by stool microscopy. 
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Molecular identification of taeniid cestode samples 

Respondents were shown samples of preserved tapeworm specimens, and were asked if they 

have ever seen such in their faeces. Those who admitted having passing tapeworm proglottids 

were offered a single oral dose of praziquantel at 40 mg/kg and a purgative, and stool was 

collected for species identification of any tapeworms present. At the end of the study, Taenia 

spp. carriers were advised to go for parasitological examinations and offered anti-parasitic 

treatment at the general hospital. Taenia spp. samples were fixed in 80% ethanol for DNA 

extraction. The tapeworm collected from human stool was identified by DNA analysis. 

 

5.3.5 Risk factors for Taenia solium infection 

Baseline levels of knowledge and practices related to T. solium were elucidated by questionnaire 

survey. The questionnaire was based on a modified structured questionnaires developed by the 

Cysticercosis Working Group for Eastern and Southern Africa (CWGESA). The pig husbandry 

system was confirmed by direct observation and discussions with the pig owners, and the 

availability of toilet facilities and information on deworming history was obtained. The 

questionnaires were completed at interview with one respondent in each household (Ngowi et 

al., 2008). The respondent was the most informed available person on the day of the visit. Each 

respondent was approached individually and their informed consent was obtained before 

questionnaire administration. The questionnaires were administered by the principal investigator, 

assisted by an interpreter using the native language. 

 

5.3.6 Statistical analysis 

Data were entered into an Excel spreadsheet (Microsoft Inc.) and exported to SPSS version 25.0 

(PASW Inc.) for statistical analysis and the method of analysis was the same as for chapter 2. 

Chi-square statistics was first used to present data on prevalence of data on prevalence of Taenia 

spp. eggs in respondents and compared across various variables (namely sex, age, location, 

history of deworming, system of management, and month of sampling, toilet facilities and 

sources of drinking water). This was done to test for association between the categorical 
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variables and the prevalence of taeniosis and compared to see if difference were significant.. The 

association between independent categorical variables and dependent variables was also 

calculated using the binary logistic regression in order to determine the significant predictors of 

infection. The parasite was entered as an outcome and the covariates that were included in the 

model were the risk factors, the odds ratios (OR) were obtained to estimate the degree of 

association between the independent and dependent variables.  

 

5.4 Results 

5.4.1 Seroprevalence of human cysticercosis  

Out of the 1266 human serum screened by crude antigen, none (0%), of the serum samples tested 

were positive for cysticercosis, since all persons had indices below the threshold index (0.50–

0.30), in the ELISA test. Only 38 of the serum samples had higher OPD values, slightly below 

the threshold index, of which 24 were subsequently screened by EITB. Only one of the samples 

showed band 50 kDa, from a 32-year-old male, however there was no band at 6 kDa, so no case 

of active cysticrcosis observed. 

 

5.4.2 Prevalence of taeniosis 

The result showed that 19 (2.5%) out of the 754 and 11 (2.1%) out of 512 had taeniosis in the 

first and second years of the study. 

A tapeworm segment was expelled from one person with taeniosis even before any drug was 

given. The worm segment was sent to molecular biology Department University of Salford, 

Salford, Greater Manchester, UK. 

The worm segment was analysed and a DNA fragment within the 12S ribosomal RNA (314bp) 

was amplified using cestode–specific primers. BLAST search returned a 100% match to Taenia 

saginata (accession no. AY684274). 
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5.4.3 Predictors of Taenia spp. infection in humans  

Taenia spp. eggs were found in samples from 2.5 % (95% CI 1-3 %) of the 754 people in the 

study. The binary logistic model provided a reasonably good fit to the data (Hosmer-Lemeshow 

χ2 =13.156, 8 df, p =0.107; Nagelkerke’s r2 =0.097). Variables not found to differ significantly 

between positive and negative individuals included reported deworming activity, knowledge of 

tapeworm infection, month of sampling, and age of respondent. Boiling drinking water and 

presence of toilet were also not associated with the presence of Taenia spp. eggs in the faeces. 

Pig management system was, however, significantly associated with Taenia sp. infection among 

pig farmers. Those keeping pigs under a semi-intensive system were 6 times more likely to 

report having passed tapeworm segments in the past, compared to those not keeping pigs, while 

keeping pigs under a commercial or pen confinement system was not associated with elevated 

risk of self-reported taeniosis. 

Taenia spp eggs were found in samples from 2.1 % (95% CI 1-4%) of 512 people in the second 

year of the study. There were no significant associations between any of the tested factors and 

the chance of reporting having passed a tapeworm segment. 

Table 5.4. Predictors of patent Taenia spp infection in humans before treatment, using 

binary logistic regression. N=number sampled; B=test statistic; Sig.=p-value; OR=Odds Ratio; 

Prev.=proportional prevalence. 

Factor / Level N B Sig. OR 95% C.I. Prev. 

Management in wet season 
  

0.04 
   

Pen 135 -0.315 0.668 0.73 0.173-3.075 0.01 

Semi intensive  143 1.807 0.025 6.092 1.252-29.639 0.06 

Commercial 82 0.381 0.576 1.464 0.384-5.581 0.05 

Constant 
 

-2.664 0.062 0.07 
 

0.11 

 

5.4.5 Practices associated with risk of taeniosis / cysticercosis 

Findings from the questionnaire and presented with discussion in the next section. 
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5.5 Discussion 

Seroprevalence of human cysticercosis 

Results showed that none of the serum samples (0/1266) tested positive for cysticercosis, either 

by Ab-ELISA (IgG) or EITB tests, giving a 0% seroprevalence of T. solium cysticercosis. 

Similar negative results have been reported by several authors (Wilson et al., 199 and Lara-

Aguilera et al., 1992) just as the case of this study. Wilson et al (1991) specifically used the 

EITB assay and did not detect any antibody response, the authors reported that the EITB assay 

for cysticercosis antibodies has reduced sensitivity in the presence of a single cyst, but it is 

highly sensitive in the presence of multiple cysts. The zero prevalence observed in the present 

study might also be attributed to the fact that the study was carried out in the general rural 

population and not specifically within confirmed epileptic or confirmed neurocysticercosis 

individuals, while the studies of Wilson et al. (1991), Lara-Aguilera et al. (1992) and Ohaski et 

al. (1999) were carried on neurocysticercosis subjects, all of which had confirmed cyst 

infections. Secka et al (2010) used both Ag-ELISA seropositive epileptic individuals and 

controls and still observed negative results by EITB test and CT-scan. 

Prevalence of taeniosis  

The study found that the prevalence of Taenia spp. eggs across the three states of north central 

Nigeria, by FECT and microscopy, was 2.5% and 2.1% before and after intervention (in pigs). 

These findings are similar to results of other previous community based studies that determined 

the prevalence of Taenia spp. by microscopy. This is exemplified by studies of Mwanjali et al 

(2013), who observed a prevalence of 1.1% in Tanzania, and Abera et al (2010) observed 1.3% 

in food handlers in Ethiopia. In Latin America, Watts et al. (2014) and Lescano et al (2009), 

observed 2.1% and 1.2% respectively in Peru, and Rodriguez et al (2006), observed 1.46% in 

Ecuador, broadly comparable to the present results. The result of the present study is higher than 

0.28% and 0% observed by Mwape et al. (2012, 2013) in Zambia, 0.2% by Wardrop et al. 

(2015) in Kenya, 0.37% by Kanobana et al. (2011) in DRCongo and 0% by Prate et al. (2010) in 

Ecuador. But the present finding is lower compared to 8% and 8.6% observed by Gweba et al. 

(2010) and Onah and Cheinjina (1995) in Nigeria and 9.3% observed by Secka et al. (2011) in 

Senegal and 8.42% by Conlan et al. (2012) in Laos. 
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Similarly, the finding in the present study is lower compared to findings of other workers who 

used more sensitive diagnostic techniques including coproantigen ELISA and EITB assay. The 

study of Edia-Asuke et al (2014) reported a prevalence of 30% by copro-Ag ELISA among 

butchers in Kaduna, Nigeria, Mwanjali et al (2013) observed 5.24% in Tanzania. Mwape et al 

(2012, 2013), observed 6.32% and 11.95% in Zambia, Thomas (2014) observed 13.88% in 

Kenya, while Raghava et al. (2010) observed 3.03% in India. O’Neal et al (2014) observed 

3.2%, of which 88.2% were confirmed to be T. solium by PCR or by examination of scoleces / 

gravid proglottids while one worm (5.9%) was T. saginata in northern Peru. The prevalence of 

2.5% and 2.1% observed in the present study agrees with reports of Garcı´a et al (2003 a) and 

Mwanjali et al (2013) that the prevalence of intestinal taeniosis is low in several endemic 

communities. Microscopy, however, has low sensitivity and omits 60-70% of cases, leading to 

underestimation of the prevalence of T. solium, and is therefore inadequate as a monitoring tool 

for T. solium control. A higher prevalence of taeniosis would be termed hyper-endemic as is 

considered in Peru (Garcıa et al., 2003; Watts et al., 2014).  

The relatively low prevalence observed in the present study is likely because most of the farmers 

in the study had toilet facilities, hence the pigs might not have not had access to human faeces, 

interrupting thelife cycle. Another possible explanation might be that at the time stool samples 

were collected, the tapeworm was not shedding eggs, since tapeworms shed eggs intermittently, 

hence infection would have been missed (Watts et al., 2014). Most of the farmers were also 

educated, only 211 out of 754 and 77 out of 512 had no form of education in the first and second 

year of study. Education might improve knowledge on hygiene and sanitary habits; hence 

infection is likely to be lower in educated individuals compared to uneducated ones. Sanchez et 

al (1998) and Wardrop et al (2015) reported that seropositivity to T. solium infection was 

associated with low or no academic education. Absence of education is linked to greater 

prevalence of transmissible diseases. Moreover, tapeworms and other parasites had been 

discussed on previous visits to the study villages and might have led to higher levels of 

awareness and better sanitary practices than among the general population. 

The zero prevalence found in housewives was surprising, since it is expected that most women 

tasted improperly cooked meat while cooking, however the high prevalence found in respondents 

and farmers was not unconnected to the fact that the poor farmers either on their way to the farm 
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or after a hard day’s work normally patronize the meat sellers at their leisure hours, while job 

applicants, in their quest for jobs would come in contact with the meat hawkers, hence both 

group of individuals might in the process eat infected improperly cooked pork meat and be 

infected with the tapeworm. This finding agrees with the observation of Winkler et al (2009a) 

that T. solium cysticercosis is strongly associated with poverty.  

The only active Taenia spp. infection sampled during the study was identified as T. saginata, and 

therefore was acquired from undercooked beef, not pork. This zoonotic species is much less 

pathogenic than T. solium. Its presence shows that ingestion of undercooked meat occurs in the 

study area. It was not possible to identify the species of tapeworm segments reported to have 

been shed by other study respondents, since material was not available at the time of the visits. 

The present study did not find any association between taeniosis and human cysticercosis 

(antibodies) which is contrary to that observed in other studies in different parts of the world 

(Garcı´a et al., 2003; Willingham et al., 2003; Mwanjali et al., 2013). 

People were more likely to report shedding tapeworm segments if they owned pigs that were 

kept in a semi-intensive system. This system has the lowest confinement of pigs among the 

husbandry systems common in the study area. Free-ranging pigs are likely to encounter and 

ingest human faeces in the open fields and in secluded areas where oipen defecation is practiced 

by people, as was observed during the field visits. 

 

Behavioural and related factors relevant to Taenia spp. transmission 

Source of drinking water 

About 66% of the respondents obtained their drinking water from the stream, which is an unsafe 

source of drinking water especially when not treated. In such situations the farmers dip their 

hands to obtain water from containers or enter the stream to fetch the water as shown in Fig. 5.1. 

In extreme situations they go into the well to source water as shown in Figs 5.2 and 5.3. Taenia 

solium egg infection results from consumption of infected feed and water infected with faeces 

from adult tapeworm carriers, including low sanitary habits (Ngowi et al.,2013; Johansen et al., 

2014). Some authors, namely Sanchez et al. (1998), Mwanjali et al. (2013) and Wardrop et al. 
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(2015) found a significant association between source of drinking water and T. solium 

seropositivity. Wardrop et al (2015) observed that seropositivity was associated with well water, 

due to the presence of faecal matter contaminating the well. 

 

Figure 5.1. A boy fetching water from a stream for drinking purposes in Larjan Langtang 

North Plateau State. 

 

 



149 
 

 

Figure 5.2. A girl in the well to source drinking water from Gyel in Jos south Plateau state. 

 

 

 

Figure 5.3 Muddy water from the well in Gyel, Jos South Plateau State. 
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Toilet facilities and frequency of use in the study locations 

About 414 out of 754 of the respondents in year 1 of the study, and 279 out of 512 in year 2, had 

toilet facilities. Lack of toilet facilities is significantly associated with seropositivity to 

cysticercosis (Sanchez et al., 1998; Sikasunge et al 2008; Kagira et al., 2010; Secka et al., 2011). 

Fig. 5.4 shows a little child defecating in the open due to lack of toilet with a pig standing by, 

and Fig. 5.5 shows a pit latrine, which is a locally built toilet. Lack of properly built and used 

toilets is a known risk factor for transmission of T. solium  and other parasites (Phiri et al., 2003; 

Willingham et al., 2003; Eshitera et al., 2012; Weka et al., 2013).  

 

Figure 5.4. A child defecating near the house due to lack of toilet in Langtang North of 

Plateau State, with a pig nearby. 
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Figure 5.5. A pit latrine in Maighizo in Jemaa, Kaduna State. 

 

 

Method of pork preparation 

A total of 410 out of 719 (year 1) and 326 out of 512 (year 2) of the respondents reported 

consuming fried pork, as shown in Fig. 5.6. Studies indicate that the risk of spread of T. solium 

taeniosis infection was associated with consumer’s preference of pork meat. Similarly Mopate et 

al (2006) found that consumers preferred fried pork in N’Jamena city (Chad), while Kagira et al 

(2010) found that fried or boiled pork was commonly consumed by farmers and butchers in 

Tanzania. In Burkina Faso Koussou and Duteurtre (2002) and Porphyre (2009) found that people 

consumed grilled or fried pork in Cameroon, and pork from the oven. All these methods of pork 

preparation are often insufficient to kill the cysts in infected pork meat. Consumption of 

insufficiently cooked infected pork meat causes taeniosis (Larralde and Aluja 2006), hence the 

rural populace should be educated on the need to properly cook the pork meat before frying 

which is the most preferred in the study populace, as studies have indicated that the fried meat is 

not always well cooked and a serves as a significant source of transmission. 
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Figure 5.6. The preferred fried pork meat in Kafanchan pig market in Kaduna State. 

 

 

Pig husbandry practices 

A total of 305 out of 754 (year 1) and 287 out of 512 (year 2) respondents reported keeping pigs 

in pens in the wet season. An example of a locally constructed pen is shown in Fig. 5.7.  
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Figure 5.7. A pig house in the wet season in Gyel, Jos South. 

 

 

Knowledge of tapeworm infection in humans and cyst location in pigs  

The present study found that about 46% of the respondents have heard of tapeworm infection in 

humans, and 3% of them observed it in their children’s faeces, while 16% shed it in their own 

faeces. Kagira et al. (2010) indicated that 81% of butchers have seen individuals excreting the 

tapeworm segments, of which 31% were from school children. However, Edia-Asuke et al. 

(2014) in Nigeria reported that 80% of the butchers in Kaduna had low knowledge of T. solium 

infections in humans and its zoonotic implications. Knowledge is significant for disease control, 

as exemplified by studies of Sarti et al (1997) and Ngowi et al (2011), who observed a reduction 

in T. solium cysticercosis following public health education in Mexico and Tanzania. Lack of 

knowledge of T. solium taeniosis / cyticercosis was found to be important for the transmission of 

taeniosis (Sikasunge et al., 2008; Krecek et al., 2008; Assana et al., 2010; Pondja et al., 2010). 

Sanchez et al. (1998) also found that lack of knowledge about the parasite was associated with 

cysticercosis seropositivity. 

The present study also found that 87% of the respondents did not know how to identify the 

location of cysts in pigs. Kagira et al (2010) similarly found that butchers generally had no 

knowledge of cyst identification in pigs. Interestingly, only 0.1% of the respondents in the 

present study knew that eating infected pork was the source of T. solium cysticercosis infection. 
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Kagira et al. (2010) found that 56% of the butchers reported it was from eating infected pork or 

beef. Sikasunge et al. (2008) also observed that the few people who knew about tapeworm 

infection were not aware that it was possible for a carrier to transmit infection to other people. 

 

5.6 Conclusions 

Results show that none of the respondents were eropositive to cysticercosis, although 2.5 and 

2.1% had taeniosis in years 1 and 2 respectively. The zero seroprevalence of human cysticercosis 

obtained in the present study could be due to increase in knowledge of cysticercosis among 

respondents, since most of the respondents know about cysticercosis in pigs, although it appears 

that knowledge of the route of transmission is virtually absent. It could also be due to the fact the 

most of the visited communities had been treated with drugs including ivermectin against soil 

transmitted helminths and praziquantel against schistosomiasis, by the Ministry of Health, with 

support from international donor agencies such as the Carter foundation, UNICEF, the Bill and 

Melinda Gates Foundation, etc. Adult tapeworm carriers are the immediate source of both human 

and pig cysticercosis, hence regular mass deworming activity in the community should be 

sustained by the government. 

 

Limitations of the study 

All serum samples could not be analysed by EITB due to lack of funds. The stool microcopy 

employed for detection of Taenia spp. egg misses eggs on examination. Not all respondents 

sampled in the first year could be sampled in the second year of study, and only one respondent 

was able to supply material from tapeworm segments passed in the stool. 

Most risk factors for taeniasis in the present study were not significant. This is likely to be due to 

sample size limitation along with low prevalence. Future studies in areas with similar prevalence 

would need to interview and sample substantially larger numbers of people, and this would be 

logistically challenging. 
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Overall aims of the thesis 

Pig farming has become a significant source of economic growth for the poor livestock farmers 

under improved husbandry system (Rodríguez and Preston 1997; Chimonyo et al., 2005; Thomas 

et al., 2014) and the benefits of pig farming are essential to promoting the socio economic status 

of the populace (Carabin et al., 2005), because it does not need much involvement in respect of 

labour and feeding (Rodríguez and Preston, 1997; Chimonyo et al., 2005; Mutua et al., 2010). 

However, this positive development in pig production is constrained by helminthic diseases and 

the harmful zoonotic parasite T. solium (Thomas et al., 2014), both in pigs and humans. The 

occurrence of disease is affected by the system of management (Nansen and Roepstorff, 1999) 

widely practiced in low income countries of Africa including Nigeria, where most of the pigs in 

these countries are raised under the extensive or semi-intensive system of management (Lekule 

and Kyvsgaard, 2003). The pigs pick up the eggs of the parasites while scavenging for food. 

The devastating effect of T. solium cysticercosis on health and its socio-economic influence has 

not been given enough recognition (Boa et al., 2006; Pondja et al., 2010) especially in poorly 

developed or low income countries (Kungu et al., 2015) where porcine cysticercosis and T. 

solium cysticercosis including taeniosis acts as biological marker of poverty and 

underdevelopment and affects the poor in developing countries where control is limited by 

inadequate infrastructure and financial resources, and there is a lack of information about its 

significance and distribution including ignorance surrounding the presence of the parasite by 

stake-holders and political authorities (WHO, 2005; Morales et al., 2008; Budke et al., 2009; 

Mahanty et al., 2010; Ndimubanzi et al., 2010; Praet et al., 2010a; Carpio and Romo, 2014). 

Previous studies in Nigeria have indicated the prevalence of T. solium cysticercosis (Onah and 

cheinjina 1995; Gweba et al., 2010; Weka and Ikeh, 2009,;Weka et al., 2013; and Edia et al., 

2014) and gastro intestinal helminths (Biu and kofur 2010, Nwanta et al., 2011; Sowemimo et 

al., 2012, Akinbo et al., 2013) of pigs and humans. These studies have shown that the conditions 

for transmission of this parasites abound in the country, therefore with the increase in pig 

production in the country, this disease will militate against effective pig production. 

This study was designed to study the gastrointestinal parasites of both pigs and humans in pig 

rearing communities especially in relation to the various husbandry practices of  the pig farmers, 

in some pig farming communities of north central Nigeria, where pig farming and consumption 
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is popular. The study also studied in earnest the epidemiology of T. solium cysticercosis and 

farmers’ knowledge and perceptions of T. solium taeniosis / cysticercosis and the risk factors 

influencing transmission of the disease, using a structured questionnaire. 

The aim of the study was therefore to use a One Health approach to determine the endemicity of 

the gastrointestinal parasites of both pigs and humans, with particular emphasis on porcine and 

human cysticercosis, and to determine the risk factors responsible for transmission of these 

parasites. This will improve understanding of their epidemiology and disease transmission in 

order to identify and justify appropriate cost-effective intervention strategies to decrease disease 

burden in peri-urban communities of north central Nigeria, so as to offer an opportunity to 

improve the socioeconomic life of the poor rural farmers. 

 

Gastrointestinal helminths and cysticercosis in humans in pig farming communities 

The study found that none of the farmers  tested positive to cysticercosis, giving a 0%, 

seroprevalence of T.solium cysticercosis both by Ab-ELISA (IgG) and EITB test. However, the 

study indicated that gastrointestinal parasites exist and have a significant effect on humans in 

North Central Nigeria and could cause health challenges including malnutrition and anaemia in 

severe cases amongst other signs and symptoms in humans depending on the parasite in 

question. Some of the factors responsible for this infections are lack of hygiene due to absence of 

toilet facilities leading to open defecation and others include lack of portable drinking water. 

Although observed human cysticercosis was zero in the present study, diseases like taeniosis 

resulting from pork consumption are zoonoticaly transmitted and since the study area is a pork 

consuming community and the risk factors for the transmission of T. solium are present, it makes 

it easy for the tapeworm to thrive in the region. Hence public health education, improved 

hygiene, cooking pork meat properly before consumption, and mass drug admistation in the 

study population will go a long way in eliminating the parasites. Provision of safe drinking water 

and availability of standard toilet facilities will also help in disease elimination.  
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Gastrointestinal helminths and porcine cysticercosis in pigs in pig farming communities 

The conditions necessary for gastrointestinal parasites and porcine cysticercosis to thrive in the 

study location include semi intensive systems of management, which gives pigs access to 

parasite eggs in the farmlands, and human faecal matter resulting from open defecation, which is 

present in the community. Lack of pig deworming is also another contributory factor, and the 

presence of gastrointestinal parasitic infections keeps the pigs in poor body condition, and in 

severe cases leads to mortality causing economic losses to the farmers which increases poverty in 

the region. Hence regular deworming of pigs and pig vaccination against porcine cysticercosis, 

including the provision of proper housing facilties (intensive system of management), will go a 

long way in eliminating the disease condition.  

 

Pig ownership 

The study has shown that many households in north central Nigeria are involved in the pig 

rearing, attributable to the speedy economic gain related with pig farming to meet the growing 

demand for meat, income generation and their faster growth rate compared to other livestock as 

similarly reported by Assana et al. (2013). These poor rural farmers keep small numbers of pigs 

as one of their sources of livelihood, which was also observed by Gweba et al., (2010) in the 

northern part of the country and Nwanta et al. (2011) in the south eastern part of the country, 

since their meagre earnings were not able to meet their family financial obligations. 

 

Gender  

The result shows that more women kept pigs compared to men in the study area, which agrees 

with studies of Mutual et al. (2010, 2011) and Wardrope et al. (2015). This supports the reports 

of Muys and Westenbrink (2004), as they indicated that traditionally, women own pigs, since 

they participate actively in the socioeconomic and traditional life of the communities (Damisa 

and Yohanna, 2007). However, other workers from Nigeria (Gweba et al., 2010) had more male 

compared to female pig owners. Women are the traditional home carers and therefore should be 
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encouraged and supported financially by cooperative societies to own more pigs due to the 

benefits of pig farming earlier mentioned above and in chapters 1 and 2. 

 

Breed of pigs  

The study observed that only few exotic breeds of pigs exist in Nigeria (Large White, Landrace, 

Duroc). The most common breed encountered was the native breed, this has also been reported 

by other workers (Wabacha et al., 2004; Assana et al., 2010; Sowemimo et al., 2013). Pure and 

cross breed commercial pigs were mostly seen on commercial farms, as was similarly reported 

by Wabacha et al.(2004) and Kagira et al. (2008) in Central Kenya. Only 25% of the respondents 

did not have pigs at all. The majority of the indigenous breeds were raised semi-intensively, 

hence as they scavenge in search of food, they are exposed to parasites, and therefore the system 

favoured the development of those parasites, while most of the cross breeds were raised 

intensively. Most of the exotic breeds found in the commercial farms are not affordable to the 

rural pig farmers. Government should consider supporting the import and affordability of exotic 

breeds and make them more available. Lower risk of parasitism in these breeds, however, is 

likely to be linked to management conditions and nutrition, so better performance and health 

from these breeds cannot be taken for granted unless they can be kept in good conditions. 

 

Deworming activity  

The result of this study shows that deworming decreased most of the helminths and apparently 

even some protozoans (Isospora suis, Eimeria spp.) in pigs in the study area. Kagira et al (2012), 

also observed that lower burden of nematodes was associated (p<0.05) with a history of 

deworming (A. suum). The study therefore recommends that deworming of pigs should be 

encouraged at the end of the rainy season, in order to reduce the prevalence of parasites acquired 

during the long dry season, and to prevent parasite infection spilling into the next rainy season. 

Kagira (2008), however, suggested that depending entirely on dewormers for parasite control is not 

suitable and cannot be sustained (Krecek and Waller 2006), because of drug resistance and high cost 

of drug in poor communities (Krecek et al., 2006; Kagira et al., 2003). Therefore deworming of 



160 
 

 

pigs should be considered alongside other recommendations in a sustainable integrated parasite 

management approach. 

  

Systems of pig management 

The high prevalence of the helminth eggs and protozoan oocysts seen under the intensive 

commercial system of management in this study is a result of poor management, as the bedding 

litter was usually wet, which favours sporulation of oocysts. The study observed that the pigs are 

simply enclosed within ordinary structures or housed in the night while they scavenge around 

during the day in search of food, just as previously reported by Garcı´a, et al (2003) and Ganaba 

et al (2011). The present study observed that farmers normally use local materials to construct 

pig pens, as exemplified in chapters 5, where pigs were housed only at night and scavenge at day 

times. The famers allow their pigs to scavenge due to lack of resources to construct pig houses 

and feed them, they also easily destroy their house with their snout, they need water from 

streams and ponds to wallow, and to eat fresh grass. Farmers also thought confined pigs were 

easily stolen while the free ones could easily run away, this is similar to observations of Mutual 

et al. (2011). 

 

The type of feed offered to pigs  

The types of feed given to the pigs was significantly associated with the pevalence of some 

parasites. The pigs fed kitchen waste had higher prevalence of helminth eggs. In the study, 93% 

and 69% of the famers reported feeding their pigs with kitchen waste in the first and second year of 

study; 5% and 8% were fed  commercial feed; while 1.7% and 22% were fed commercial waste. 

This is similar to findings of Nwanta et al. (2011), as they observed that 68.5% of the famers fed 

their pigs kitchen waste while only 38.9% fed them the purchased commercial feed, hence farmers 

should be encouraged to introduce good quality commercial feed to pigs, where availability and 

affordability allow. 

 

 



161 
 

 

Level of education 

The study showed that 27.8% and 57% of the respondents in the first and second year of the 

study, respectively, had no formal education. Akinbol et al. (2011a) and Akinbol et al. (2013) 

reported that respondents who had no formal education had the highest rate of gastrointestinal 

infections compared to the other categories, this might be because education will likely result in 

increase in awareness and knowledge of disease and prevention strategies.  

The absence of education is linked to greater prevalence of transmissible diseases and T. solium 

infection was associated with low or no academic education (Wardrop et al., 2015). Lack of 

education serves as a risk factor for the transmission of cysticercosis (De Aluja et al., 2012). 

Education should be encouraged among the farmers as increase in knowledge creates awareness 

of the various diseases and their preventive measures. Government should be encouraged to 

build more public schools in rural areas and introduce education to the populace. Nwanta et al 

(2011) observed that farmers that were well educated and well trained utilized improved 

managemental and technological methods of pig farming, which will promote cost effective 

gains in farming. Mishra et al (2009) also reported that educated farmers have the ability to use 

modern systems of management, improved herd health management and increase performance 

and gain to the famers. This could be because education improves knowledge on hygiene and 

sanitary habits; hence infection is likely to be lower in educated individuals compared to 

uneducated ones.  

 

Sources of water  

Respondents who fetched their water from the tap were very few in number. Scarcity of potable 

water promotes spread of T. solium, through contaminated water and feed infected with faeces 

from adult tapeworm carriers (Ndimubanzi et al., 2010; Carabin et al., 2011; de aluja et al., 

2012; Mwanjali, et al., 2013; Ngowi et al., 2013; Johansen et al., 2014, Schmidt et al., 2015).  

Other workers, (Ogbuagu et al., 2010; Akinbola et al., 2013) observed those who obtained their 

sources of water from well, had a higher prevalence of helminths compared to those who used 

borehole water. Auta et al. (2013) observed children whose sources of drinking water were well 

and stream had parasites; however, the lone child whose source of drinking water was the tap 
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had no infection. Kipgyen et al (2012) observed that few infections were recorded amongst peri-

urban dwellers because they had better access to treated piped water. 

Water for drinking and domestic purposes plays a significant role in parasitic infections due to 

contamination from animals and humans especially when individuals defecate around such water 

sources, which will be eventually washed down by the rains (Cajegas et al., 2009; Kipgyen et al., 

2012). This is especially true in communities where water supply is limited, as observed in the 

present study area and the populace had to use streams and well water for their domestic use and 

drinking, hence exposing them to parasite cyst or ova. Gweba et al (2010) also observed that 

none of the respondents had their drinking water from the tap, while 85% fetched from a well or 

borehole and 19 from stream. Government should make available pipe borne water to the rural 

populace to curb further infection from these sources. 

  

Toilet presence and use 

The study observed that some respondents did not have toilets, while others had but because they 

spent most of their day on the farm did not use the toilet regularly. Secka et al. (2011) reported 

that although 98% of the village population had pit latrines, and about 1% used the neighbours’ 

latrines, the remaining 1% that defecated in the bush were able to maintain the cycle of 

transmission. Ganaba et al. (2011) similarly indicated that though latrines are present, they are 

sometimes not used due to foul odours, flies and flooding, while others are not appropriately 

built (Murrell et al., 2005). Consequently, lack of use of latrines means that people with taeniosis 

can infect a large number of pigs (Lescano 2007). Poor sanitary conditions such as the absence 

or irregular use of toilets and improper fecal disposal systems increase the risk of infection of 

pigs and still remain an issue, hence the government should build or enforce communities to 

build toilets in their communities. 
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Pig slaughter location and pork consumption  

Results showed that only 8.6% out of 754 (year 1) and 4.5% out of 512 (year 2) of the farmers 

inspect their pork before or after slaughter for consumptions. Home slaughtering promotes lack 

of meat inspection, which is significant in the transmission cycle of T. solium infection in 

humans and serves as a focus of infection in urban areas (Gweba et al 2010). Edia-Asuke et al. 

(2014) have indicated increases in home slaughter. Gweba et al. (2010) also observed that 

slaughtering of pigs was carried out at unofficial slaughter slabs, although pigs were slaughtered 

at home for home consumption and festivities. The prevalence of 36.3% of the respondents that 

slaughter their pigs at home in the present study is higher than 15% reported by Mutua et al 

(2007), but lower than 82.8% observed by, Sikasunge et al (2008), and they found that T. solium 

infections were associated with lack of pork inspection at slaughter (96.7%). Nigeria already has 

an existing law on the slaughtering of livestock in abattoirs, hence such laws should be enforced 

on the butchers and abattoirs built in most of the rural communities lacking abattoirs. Veterinary 

and health inspectors should also be trained and deployed to slaughter slabs in the interim.  

The result shows that only 9.6% out of 748 people (year 1) and 15.7% out of 510 (year 2) did not 

consume pork. Pork consumption is significant for spread of T. solium taeniosis (Sikasunge et 

al., 2008; Blocher et al., 2011; Mwanjali et al., 2013). 

 

Knowledge of tapeworm infection in humans 

Only 28% out of 754 (year 1) and 72% out of 512 (year 2) of respondents had heard of tapeworm 

infection. Edia-Asuke et al (2014) in Nigeria reported that 80% of the butchers in Kaduna had 

low knowledge of T. solium infections in humans and its zoonotic implication, Gweba et al 

(2010) also reported that only 18% of the study populace had no knowledge of tapeworm 

infection. Sikasunge et al (2008), Krecek et al (2008), Assana et al (2010) and Pondja et al 

(2010) found that lack of knowledge of Taenia solium taeniosis /cyticercosis was important for 

the transmission of taeniosis. Sanchez et al. (1998) also found that lack of knowledge about the 

parasite was associated with Seropositivity. Knowledge is significant for disease control as 

exemplified Sarti et al (1997) and. Ngowi et al (2011), who observed a reduction in T. solium 

cysticercosis following public health education in Mexico and Tanzania. Hence it is clearly seen 
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that the pig farmers are in need of a comprehensive health education. Government should train 

and send health workers to respective communities for enlightenment campaigns. Public health 

education about the aetiology and dangers associated with T. solium and other parasites should 

be carried out in the communities, in churches and through the media.   

 

Conclusions 

The presence of cysticercosis in a community points that T. solium carriers (of adult parasites) 

are spreading the infection to pigs and from pigs to humans. These serve as a significant health 

threat in communities (Mutual et al., 2011). The high seroprevalence of porcine cysticercosis and 

other gastrointestinal helminths of pigs in north central Nigeria, and evidence of human 

taeniosis, is indicative of environmental contamination. The EITB results indicated the presence 

of active cysticercosis in pigs, meaning transmission is currently going on, the zero prevalence 

observed in humans might be due to the presence of a small numbers of brain lesions. However, 

the presence of taeniosis serves as a source of immediate concern, since a carrier could 

contaminate the whole community; therefore, larger and more detailed epidemiological surveys 

should be carried out on a wider scale in other regions of the country where the study has not 

been done. The World Health Organization had indicated that the control of taeniosis and 

cysticercosis should include the following; mass treatment, diagnosis and treatment of tapeworm 

carriers, public health education and high standard of hygiene. Controlling the disease in pigs 

should also include upgraded and standardized husbandry systems, treatment and vaccination of 

pigs, and standardized meat inspection (WHO 2014). Future studies will target the WHO 

requirements. 
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Appendix 1 : Questionnaire on Taenia and other parasites and pig 

management 

 

SN QUESTIONS Code entry 

(Variable name) 

Options 

 Identification number ID Enter same 

I GENERAL INFORMATION   

 Date of interview Idate dd/mm 

 Village Vil Enter same 

 LGA LGA Enter same 

 Household number Hno Enter same 

11 HOUSEHOLD 

INFORMATION 

  

1 Name of interviewee Name Enter same 

2  Age (years) Age Enter same 

3  Sex Sex M/F 

4 What is the highest schooling 

grade you have completed 

Sch grade Pri/Sec/Ter/None 

5 

 

 

5B 

What is your main occupation 

 

 

 

Family Size 

Occupation 

 

 

 

Family Size 

 

Artisans/civil 

servant/Students/farmers/house 

wife/Business  

 

 

Enter same 

III INFORMATION ON DRINKING 

WATER AND SANIITATION 
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6 From where do you usually get 

your drinking water 

Water source ABCD/Tap/well/stream/rain/ 

7 Has your drinking water been 

boiled before you drink it 

Boil water Always/sometimes/rarely/never 

A        /B              /C          /D 

8  Do you have a latrine at home Latrine Y/N 

9  How often do you use a latrine 

when you have to defecate 

Latrine use Always/sometimes/never 

IV INFORMATION ON PORK 

CONSUMPTION 

  

10 Do you ever eat pork Eatpork Y/N 

*11 How often do you eat pork Porkfreq Enter 

12 How is the pork that you eat 

prepared 

Porkprep A/B/C/D 

Boiled/fried/Barbeque/others 

13 How do you prepare your 

vegetables and fruits before 

consumption 

Vegprep No washing/water/salty water 

V INFORMATION ON PIG 

MANAGEMENT 

  

14 

 

14B 

Do you or anyone in your 

household keep pigs 

For how long have you been 

rearing pigs 

Years of rearing 

Pig_own 

 

Years of rearing 

Y/N 

 

 

YOREnter same as 

questionnaire 

15 

5B 

What type of pigs do you keep 

How many pigs do you have 

 

Pigtype 

Pig_ Number 

A/B/C 

Foreign/ native/ both 
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**16 Where do you keep your pigs in 

the different seasons  (two 

different season columns) 

Wet 

 

Dry 

Pen/ Free range/Tetherin/other 

1/2/3/4 

Pen/ Free range/Tetherin/other 

1/2/3/4 

17 What do you feed your pigs Pigfeed A/B/C/D/E  

(options in Questionaire) 

18 Have you ever dewormed your 

pigs? 

Deworm Y/N 

19 If yes, when last did you deworm Last deworm Jan- Dec or 1-12 

20 What is your main reason for 

keeping pigs? 

Main reason Enter as seen 

21 How important are these pigs to 

you 

Pig_impt Very impt/Impt/Notimpt 

1/2/3 

22 What is the value of a pig when it 

is ready to be slaughtered 

Pigvalue 

Pigvalue_age 

Enter 

Enter 

23 What do you do with money you 

get from selling your pigs 

Money_ use Enter 

24 How much have the pig rearing 

assisted you in managing your 

home/affairs 

Pig_assist Enter 

25 List the benefit you derive from 

rearing pigs 

Pig_benefit Enter 

VI INFORMATION ON PORCINE 

CYSTICERCOSIS 

  

26 Have you ever seen or heard of 

white nodules (rice) in pig 

White_nodule Y/N 
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carcasses 

27 Do you know where you can find 

nodules on a live pig 

Find_nodule A/B/C/D/E  (as given in 

questionnaire) 

28 Do you know how pigs get these 

nodules 

Know_nodule A/B/C/D/E  (as given in 

questionnaire 

29 What would you do if you 

discovered that your pig had 

nodules 

What_nodule A/B/C/D/E  (as given in 

questionnaire   E   =condemn 

30 Have you ever heard of the disease 

‘porcine cysticercosis’ 

Heard_cyst Y/N/C 

31  Have you ever seen or been told 

that your pigs were infected with 

cysticercosis 

Seen_told_cyst Y/N/C 

32 When was the last time you 

became aware of cyst 

(cysticercosis) in your pigs 

Last_cyst A/B/C 

33 When that happened, were you 

able to sell your pigs 

Sell_cyst Y/N/C 

34 Are you willing to vaccinate your 

pigs to prevent these diseases 

Vaccine_will Y/N 

35 If the vaccine is expensive will 

you be willing to pay for it 

Vaccine_expense Y/N/somewhat(Conditional) 

36 Will you be willing to participate 

in intervention studies 

Vaccine_intervene Y/N 

VII INFORMATION ON HUMAN 

CYSTICERCOSIS/TAENIOSIS 

  

37 How many days of work have you 

missed because of illness in the 

past month 

Days_missed Enter 

38  Have you ever heard of tapeworm Tapeworm Y/N 
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infection in humans 

*39 How did you learn about it Info_source enter 

*40 How does one know when he/she 

has a tapeworm 

Know_tapeworm Enter 

*41 How do people get tapeworm 

infection 

Tapeworm_source Enter (don’t knw/veg/water) 

42 Have you ever dewormed yourself Deworm_self Y/N 

*43 When last did you deworm 

yourself 

Last_deworm enter 

44 Have you ever had skin nodules or 

hard lumps under your skin 

Skin_nodules Y/N 

45 Have you ever had repeated 

periods of time with bad 

headaches 

Bad_headaches Y/N 

46 Were you ever told that you had 

epilepsy or that you had had an 

epileptic seizure 

Epilepsy A/B/C/D/E  (as given in 

questionaire) 

Y=Yes,N=No 
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Appendix 2: Gastrointestinal parasites of pigs – background information 
 

Oesophagostomum 

The two species most important to pigs, are Oesophagostomum dentatum and 

O.quadrispinulatum (Radostits et al., 2000). The males are 8-10 mm long and the females are 

11-14 mm, the cephalic vesicles are prominent but cervical alae are absent. The eggs measure 

35-45 mm by 80 (Soulsby, 1982). The adults are stout white roundworms and measure about 

2.5cm in diameter. Distribution of worms is worldwide, but most importantly in tropical and 

subtropical areas (Radositits et al., 2000 and Urquahart 1987).  

Life cycle 

Oesophagostomum spp. has a direct life cycle. The eggs are passed out in the feces and hatch on 

the ground, they then undergo 2 molts and become the infective third stage larvae. Infestation of 

pigs occurs following ingestion on pasture from faeces with little evidence of skin penetration. 

Larvae penetrate the intestinal wall to provoke a nodular host reaction. Some may undergo 

hypobiosis and emerge to the colon as the L4 or 4th stage larvae which then develop into adult, 

after which egg laying commences in 40 -50 days  

Epidemiology  

The females produce large number of eggs. Maximum sanitation is the only way to prevent 

insistent infections in farms. Thick vegetation favors the survival of the larvae outdoors which 

reduces in number in dry summer months on plain soil or through the winter. The infection is 

associated with thin sow syndrome, a condition which causes the sow’s rapid loss of body in 

later stages of pregnancy and during lactation. Parasitism is not the major cause of infection, it is 

only one of the sources of infection, the major source of infection is inadequate nutrition, which 

makes nervous or shy sows have reduced intake of the feed ration, and hence sows will ingest 

larvae in feces leading to high fecal egg count. Free living L3 on the pasture and the hypobiotic 

L4 in the host are able to survive in autumn and winter with the hypobiotic larvae completing 

their growth in spring concurring to the farrowing period. Disease transmission in housed 

animals, between sows and litters may be by contact orally or percutaneously. Diphtheria flies 

may also carry L3 larvae on their legs to cause pen to pen transmission (Radostits et al., 2000). 

Clinical signs  

Only few clinical signs are seen in infected pigs and heavy infections may lead to loss of 

condition and diarrhea in weaners and growers with harmful effects seen at subclinical levels 

(Urquhart, 1987). In severe infections, inappetance, weight loss and gastrointestinal disturbances 

are commonly observed  

Pathogenesis  

Nodules develop in the intestinal wall which in extreme conditions becomes thick and 

necrotized. Lactation and body weight of pigs may likely decrease in severe infections. Moderate 

immunity ensures following infection, therefore higher prevalence of disease occurs in adult 

pigs. O.dentatum causes enteritis, anorexia and bloody faeces Eggs are seen in faeces in large 

amounts in patent infection, and the worms and lesions formed can be identified upon 

postmortem examination (Soulsby, 1982). 
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Diagnosis  

Post mortem examination and larval identification from faecal culture are diagnostic, since eggs 

are only present in the chronic phase and not the acute stages (Radostits et al., 2000 and 

Urquhart, 1987). The nodules of O. quadrispinulatum are larger than that of Oesophagostomum 

dentatum (Urquhart, 1987).  

Treatment  

Effective drugs for treatment of disease includes benzimidazoles, levamisole, piperazines, 

dichlorvos, pyrantel tartrate, and ivermectine (Soulsby, 1982)  

Control 

Nutritional requirement of sows should be improved in thin sow’s syndrome along with 

anthelmintic therapy. It is advisable to treat sows before taking them to farrowing units, pigs 

should also be given anthelmintic therapy at weaning and whenever they are taken to new 

surroundings. Faecal egg count should be done in randomly selected pigs across all age groups in 

order to determine the dosing interval (Urquhart, 1987). Pigs of all ages are susceptible, but the 

overt disease is uncommon except in undernourished sows.A diet composed of highly 

degradable carbohydrates included in pigs feed creates a negative or uncomfortable environment 

for the worm, which will reduce worm development and proliferation (Radostits et al., 2000).   

 

 

 

 

Trichuris suis (Whip worm) 

The parasite is found in the cecum and they have a worldwide distribution (Urquhart, 1987). The 

male measures 30-50 mm long, while the female is 35-50 mm (Soulsby, 1982). The adults 

measure about 4.0-6.0 cm long in size and they have a thick posterior end tapering rapidly to a 

long filamentous anterior end which is characteristically embedded in the mucosa giving them 

the name whipworms. The male tail is coiled, while the female tail is curved. The eggs are lemon 

shaped, yellowish brown, and ovoid, they have a thick, smooth shell with polar plugs at both 

ends (bipolar plugs) (Radostits et al., 2000 and Urquhart, 1987) and measure 50-60 by 21-25 mm 

(Soulsby, 1982).    

Life cycle 

The infective stage is the L₁ larvae found within the egg, and it develops in one or two months 

after being passed in the faeces. Development of the L₁ stage larvae takes about three weeks (21 

days) under warm atmospheric temperature. Infection in pigs is by ingestion of eggs with the L₁ 
larvae, the bipolar plugs are then digested in the small intestine and cecum. The first stage larvae 

penetrate the crypts (the tubular invaginations of the epithelium around the villi) of the distal 

ileum, cecum and colon. Subsequently the entire four molts ensue within these glands. The adult 

worms then develop and lie along the mucosal surface with their anterior end embedded in the 

mucous membrane. 
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Epidemiology 

Eggs are able to make it as a reservoir of infection for 3-4 years in piggeries; it nevertheless 

delivers a reduced likely hood in pastures as the eggs have the prospects of being washed away 

into the soil (Radostits et al., 2000 and Urquhart, 1987).  

Pathogenicity  

Levels of infection vary but 8-14 weeks old pigs are the most heavily infected (Soulsby, 

1982).The infection caused by these worms are frequently mild and asymptomatic, however 

whenever there is a large presence of worms, they may cause diphtheria inflammation of the 

ceacal mucosa due to their sub epithelial location and the uninterrupted movement of the anterior 

end of the whipworm while searching for blood and fluid, facilitating the  invasion of potentially 

pathogenic spirochetes (Radostits et al., 2000 and Urquhart, 1987).   

Clinical signs 

Sporadic disease caused by substantial infections is more common in pigs and is accompanied by 

watery and bloody diarrhea. Mortality can be high in newly weaned pigs, and harshly infected 

animals are anorexic, and lose weight rapidly (Radostits et al., 2000 and Urquhart, 1987).   

Diagnosis  

The presence of large number of Trichuris eggs in faeces are diagnostic as clinical signs are not 

pathognomonic (Urquhart, 1987). 

Treatment 

Pro-benzimidazoles, benzimidazoles, ivermectin or levamisole injections are very effective 

against the adult stage, but less effective against the larval stage. Dichlorvos can also be used 

(Urquhart, 1987). 

Control 

Areas where eggs may thrive should be thoroughly cleaned decontaminated or sanitized 

(Urquhart, 1987).  
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Ascaris suum 

This is the large roundworm located in the small intestine of pigs. They are cylindrical, and 

pointed at both ends and have thick glistening yellowish white cuticle (Radostits et al., 2000 and 

Urquhart, 1987). The male measure 15-25cm by about 3mm and the females up to 41 cm by 

5mm (Soulsby, 1982). They have a worldwide distribution. The egg is thick‐shelled and has a 

multilayer, which is protective and irregularly mamilated. It is ovoid yellowish in color. Eggs are 

very resistant to adverse environmental conditions of temperatures and cold and can survive for 5 

years in cool, moist surroundings (Radostits et al., 2000 and Urquhart, 1987) and they measure 

up to 50-75 of 40-50 mm (Soulsby, 1982). 

Life cycle 

Ascaris suum has a direct life cycle. A single pre parasitic moult occurs three weeks after the egg 

is passed, and it waits for a maturation period of a minimum of 4 weeks at an optimal 

temperature range of 22-26 C (Radostits et al., 2000 and Urquhart, 1987). Following infection, the 

eggs hatch in the small intestine and migrates to the portal vein, then the L2 larvae travels to the 

liver for the first parasitic molt to take place, the larvae then pass the hepatic venous system and 

the L3 larvae passes through the blood stream to the lungs and onward to the small intestine 

through the bronchi and trachea and then to the pharynx. The final two peristaltic molts occur in 

the intestine. Beetles, earthworms and dung beetles are paratenic or transport hosts of A suum. 

They ingest the eggs and the eggs will hatch and the L2 larvae travel to the tissues of the 

paranteric host. The L2 larvae can remain fully infective for pigs. The prepatent period is 6-8 

weeks and each female worm are capable of producing more than 200000 eggs per day 

(Radostits et al., 2000 and Urquhart, 1987). 

Epidemiology 

The major route of infection is the highly resistant egg shell on the ground. Partial age, immunity 

exists in the pigs from 4 months of age onwards (Radostits et al., 2000 and Urquhart., 1987). The 

lifespan of the worms is limited to a few months. Milk spot which occurs as a result of the 

disease leading to liver condemnation has a devastating effect in the pig industries and has a 

characteristic seasonal appearance, occurring with a highest incidence in warm summer months 

in temperate areas and almost fading in autumn, winter and spring when the temperatures are too 

low to allow for development of eggs to the infective stage (Radostits et al., 2000 and Urquhart, 

1987). 

Pathogenesis  

Movement of large number of larvae in the air spaces of the lungs causes allergic reaction in the 

lungs, as the lung tissue becomes thick and wet, these can cause hemorrhages, oedema, 

emphysema and eosinophilic infiltrations. Oedema and emphysema may be the cause of rapid 

shallow breathing (called "thumps" and a moist cough, ‘’heave) or dyspnea. The pigs might also 

die as a result of acute hepatic insufficiency. Inflammation of the liver due to an allergic reaction to 

ascarid larva migration also occurs and cause haemorrhagic foci. Frequent exposure to larvae 

may also cause increase in connective tissue, infiltrating eosinophils, and dilation of lymphatics, 

which appear as whitish spots popularly known as ‘milk spots’. Occasionally the adult worms 

could be retched up to cause obstructive jaundice and intestinal obstruction and hence rupture 

does occur. Pigs that are heavily infested may have worms blocking the small intestines and bile 
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duct. Poor feed efficiency and slow growth are also a common occurrence which leads to 

extension of the fattening period by 6-8 weeks (Radostits et al., 2000 and Urquhart, 1987).  

Clinical signs  

These include production loss due to reduced weight gain, intestinal or biliary obstruction, and 

transient pneumonia in piglets which could be resolving. Poor growth, afebrile diarrhea and 

lowered resistance to other disease are commonly observed (Radostits et al., 2000 and Urquhart, 

1987). 

Diagnosis 

The presence of typical yellowish brown, ovoid thick mamillated eggs in the faeces, and 

evidence of liver damage (milk spot) at slaughter is diagnostic, including the clinical signs and 

presence of adult worms. A marked eosinophilia ensues at the initial stages of the disease 

(Radostits et al., 2000, and Urquhart, 1987). Necropsy finding reveals subplueral haemorrages, 

oedema and congestion of the lungs occurring at the initial stage of the disease in massive 

infestation. Blood stained fluid may be found in the pleural cavity.There is also liver enlargement 

and congestion with hemorrhages seen under the capsule. In the chronic cases, the liver capsule 

is marked with white spots which are smaller in diameter and in the worst cases could be 

confluent and create a network of connective tissue.  

Treatment 

Benzimidazoles, Dichlorvos or Tetramisole against the intestinal stages are effective drugs of 

choice. Injectable Levamisole and Ivermectin may be suitable for Ascaris pneumonia. 

Ivermectin, Doramectin and Flubendazole are effective against adult and 4th stage intestinal 

larvae. Febendazole, Febantel, Oxibendazole, Thiophamate, pyrantel tartrate and levamisole are 

also effective against the adult worm (Radostits et al., 2000 and Urquhart, 1987). 

Control 

Frequent observation by faecal egg count helps limit needless treatment. Good sanitation can be 

obtained in pigs kept on concrete floors under the intensive system of management, including 

strict hygiene in feeding and bedding. Under the extensive system of management, it might be 

necessary to cease the use of paddock for several years as eggs survive cultivation. It is also 

advisable to treat sows on entering the farrowing pens. Young pigs on farms with prevalent cases 

of Ascaris infection should be dewormed at 5-6weeks of age and after 4 weeks (Radostits et al., 

2000 and Urquhart, 1987). 
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Strongyloides ransomi (Intestinal threadworms) 

Strongyloides ransomni known as the threadworms are found in the upper part of the pig's small 

intestine. They are slender, hair like worms which are less than 1.0cm long in size. Only females 

are  parasitic, they have a long esophagus, which may occupy up to one third of the entire body 

length, and the uterus is intertwined with the intestine giving  it a twisted thread like appearance. 

It has a blunt point at the tail and has a worldwide distribution. The eggs are oval, and thin 

shelled containing an embryo, they are small, being half the size of a typical strongyle egg 

(Radostits et al., 2000 and Urquhart, 1987).  

Life cycle  

They are unique among nematodes being capable of both parasitic and free living reproductive 

cycles. Parasitic female worms in the small intestine produce larvated eggs by parthenogenesis 

(development from an unfertilized egg). Hatched larvae develop through the four larval stages 

into free living adult male and female worms. This is followed by a succession of free-living 

generations. Under positive atmospheric temperature and moisture conditions, L3 larvae become 

parasitic to infect host by skin penetration, or orally and then migrates through the venous 

system, the lungs and trachea. The larvae then develop into adult female worms in the small 

intestine. Piglets may acquire infection straight away after birth from the deployment of arrested 

larvae in the ventral abdominal wall tissues of the dam, which are afterwards excreted in the 

milk, prenatal infection may also occur. The non-parasitic forms grow to become free-living 

males and females and they live in decaying organic material to produce fertilized eggs. 

Prepatent period is 8-14 days (Radostits et al., 2000 and Urquhart, 1987).   

Epidemiology 

The infective larvae are not ensheated and therefore become susceptible to severe climatic 

conditions. Warm temperature and moisture favor development and promotes the buildup of 

large numbers of infective stages. These is a major source of infection for the young pigs as they 

act as reservoir of larvae in the tissues of their dams which leads to clinical strongyloidiasis in 

piglets early in life. Successive offspring from the same dam habitually demonstrates heavy 

infections (Radostits et al., 2000). 

Pathogenesis 

Pathological signs of S.ransomi are commonly encountered in young sucking pigs, as they 

acquire infection orally from infective larvae that attached to the udder or teats of the dam, 

following skin penetration by the larvae in the soil, litter or, by colostral infection. Mortality in 

pigs may reach up to 50% (Soulsby, 1982).  

Clinical signs 

It’s not an important disease condition, outbreaks, however, ensure in young pigs, and is 

accompanied by diarrhea, anorexia, dullness, loss of weight or reduced growth rate, and 

listlessness. Infection also reduces intestinal enzyme activity and increase intestinal plasma and 

blood loss which in turn reduces protein synthesis in the liver (Radostits et al., 2000 and 

Urquhart, 1987). Skin lesions can also be encountered. (Soulsby, 1982). 
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Diagnosis 

The clinical signs in piglet’s early life along with the presence of a large number of characteristic 

eggs or larvae in feces are diagnostic. The high fecal egg count may also be found in seemingly 

healthy animals (Radostits et al., 2000). 

Treatment  

Benzimidazoles and ivermectin are drugs of choice and a single dose of ivrermectin given 4-6 

days prior to farrowing suppress larval excretion in milk of sows (Radostits et al., 2000).  

Control 

Warm and moist areas including damp litter or bedding which are suitable for parasite 

proliferation should be eliminated (Urquhart, 1987).   
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Metasrongylus apri 

Three spp are common /Metastrongylus apri, /syn elongatus M. pudendotectus/ and /M. salmi . 

M apri is the most common among them, but mixed infections are not uncommon. The worms 

are slender and white and measure up to 6cm in length. The eggs have rough and thick shell and 

are larvated when laid, they are very resistant to cold temperature and survive in the soil for over 

1 year. The worms have a worldwide distribution. They live in the small bronchi and 

bronchioles, especially of the posterior lobes of the lungs (Radostits et al., 2000 and Urquhart, 

1987).  

Life cycle 

The life cycle of the lungworm is indirect and eggs hatches almost immediately, with the 

intermediate host (earthworm) ingesting the L1 larvae. In the earth worm, development of L3 

takes 10 days at optimal temperature of 22-260c. The longevity of the L3 larvae in the earthworm 

is similar to that of the intermediate host and may be up to 7 years. The pig is infected by 

ingesting earthworms, the L3 larvae is then released by digestion, it then travels to the 

mesenteric lymph nodes and moult to L4 the L4 then reach the lungs by the lymphatic-vascular 

route, where the final moult occurs after arrival in the air passages. The pre-patent period is 4 

weeks (Radostits et al., 2000 and Urquhart, 1987). 

Epidemiology 

Metastrongylosis shows a characteristic age distribution, being most prevalent in pigs of 4-6 

months old. Outbreaks of disease hardly occur, probably due to the fact that the system of 

management may not allow pig’s ready access to earth worm. It has been suggested that 

Metastrongylu spp may transmit some of the porcine viruses, and may enhance the effect of 

viruses already present in the lungs. E.g. swine influenza and hog cholera (Urquhart, 1987). 

Pathogenesis  

During the prepatent period, areas of pulmonary consolidation, due to verminous pneumonia, 

bronchial muscular hypertrophy, peri-bronchial lymphoid hyperplasia and brionchiolar muscular 

hypertrophy develops, which is often accompanied by areas of over inflation. When the worms 

grow, the eggs are sucked out into the small air passages and parenchyma, then consolidation 

increases and emphysema is more differentiated. Hyper secretion of bronchial mucus also occurs 

during this stage. About 6 weeks after infection, chronic bronchitis and emphysema are 

established and small grayish nodules may be found in the posterior part of the diaphragmatic 

lobes, these may aggregate to form larger areas and they are slow to resolve. Purulent 

staphylococcal infection in the lungs has been mentioned in many instances of infection 

(Radostits et al., 2000 and Urquhart, 1987). 

Clinical signs 

Most infections are light and asymptomatic and induce immunity against re-infection, however, 

in heavy infections coughing are marked, and are accompanied by dyspnea and nasal discharge. 

Secondary bacterial infection may complicate the signs. Infection can cause a marked reduction 

in growth rate. Bronchitis are accompanied by sporadic bouts of barking cough, which is easily 

stimulated by exercise, and pneumonia occurs in extreme cases (Radostits et al., 2000 and 

Urquhart, 1987).  
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Diagnosis 

The characteristic embryonated egg appearance, the host site and long, slender form is sufficient 

for identification. The egg is however present in normal pigs and pulmonary signs may be 

attributed to viruses. The disease is most often countered in pigs on pasture, though an 

occasional outbreak has occurred in yarded pigs. Parasites might be missed on routine 

examination since they are normally excreted in smaller numbers (Urquhart. 1987). 

Treatment 

Benzimidazoles, Levamisole and Ivermectin are effective against the lungworm including 

Doramectinn, Febendazole and Flubendazole (Radostits et al., 2000 and Urquhart, 1987). 

Control 

Control might be difficult when the system of management is the based on pasture due to the 

ubiquity and longevity of the earthworm intermediate host. However, when extreme outbreaks 

have occurred on a farm, it is advisable to house and dose the pigs and to cultivate infected 

pasture or graze it with other livestock (Urquhart, 1987). 
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Schistosoma suis 

Sexes of the parasite are separate; the male is broad and flat and carries the female in the hollow 

of its inwardly curved body, and measures about 2.0cm long. The female has a terminal genital 

pore. They are usually located in the mesenteric vein. This characteristic and the vascular 

predilections are sufficient for generic identification. The egg is spindle shaped and has a lateral 

or terminal spine and is 100µm long. They are usually found in the tropics and subtropics. 

S.bovis occurs in ruminants in Africa or S mansonii in man and wild animals in Africa (Urquhart, 

1987). 

Life cycle  

The female in the mesenteric vein inserts her tail into a small venule, and deposits or push the 

eggs into the venule. They are then guided by their spines and the proteolytic enzymes secreted 

by the unhatched miracidia, to penetrate the endothelium. From there they enter the intestinal 

submucosa and the gut lumen, where they are then excreted out in the feaces. The eggs then 

hatch immediately in water and develop to miracidia which then penetrates the appropriate 

snails. It then develops to the cercarial stage; there is no radial nor metercecarial phase. The 

motile cercariae penetrates the final host through the skin or by ingestion in drinking water .Snail 

development period is five weeks. The cercariae then lose their forked tails, and transform to 

schistosomula, or young flukes, they then travel to the blood stream via the heart and lungs into 

the systematic circulation. They then locate in the portal veins in the liver and become sexually 

mature before migrating to their final site, the mesenteric veins. The prepatent period is 6-7 

weeks (Urquhart, 1987). 

Epidemiology 

Schistosoma spp infection depends on water as a medium for infection in both the intermediate 

and final host. Ercutaneous infection encourages infestation where livestock are obliged to wade 

in the water (Urquhart, 1987).  

Pathogenesis 

The acute disease is characterized by diarrhea and anorexia, these occurs 7-8weeks following 

heavy infection, which is caused by the inflammatory and granulomatous reaction as a result of 

the egg deposition in the mesenteric veins and their subsequent infiltration in the intestinal 

mucosa. The significance of a low level infection is not known, but may have a considerable 

effect on productivity (Urquhart. 1987). 

Clinical signs  

Diahorrea, sometimes blood stained containing mucus, anorexia, thirst, anaemia and emaciation 

are common signs encountered (Urquhart, 1987). 

Diagnosis  

Diagnosis is based on the clinic-pathological picture of diarrhoea, wasting and anaemia, 

including a history of access to natural water sources. The demonstration of typical eggs in the 

faeces or squash preparations of blood and mucus from faces is useful after patency but becomes 

less useful as egg production is reduced in the later stages of the infection (Urquhart, 1987). 
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Treatment  

Praziquantel is an effective drug of choice for treatment against the parasite. 

Control 

Attempt should be made to identify months with highest snail population and prevent animals 

from moving in dangerous water at these periods since the snail populations varies according to 

the temperatures (Urquhart, 1987). 
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Fasciola spp. 

Fasciola gigantica 

It is larger than F hepatica and can reach 7.5cm in length. The shape is more leaf-like, the 

conical anterior end is very short and the shoulders characteristic of hepatica is barely partible. 

The eggs are large, measuring 190x100µm. Adults are found in the bile ducts and the immature 

flukes are in the liver parenchyma. They are distributed in most continents of the world with the 

exception of Western Europe (Urquhart, 1987). 

Life cycle   

Most parasitic phases are long and the pre patent period is 13-16 weeks. Eggs are excreted out in 

the faeces of the mammalian host, after which they grow and hatch to liberate motile ciliated 

miracidia at an optimal temperature of 22-26cC, there is little development at temperatures below 

10°C. The freed miracidium which has a shortened life span then locates the appropriate snail 

within limited hours and penetrates the host effectively. Development from the sporocyst, to the 

redial stages and finally to the cercaria all takes place in the snail (the genus lymnea) 

intermediate host. The motile cercariea are then released and they begin to get themselves fixed 

to stable surfaces including grass blades, where they encyst to develop into the infective 

metacercaria. Few weeks are required for complete development from miracidium to 

metacercaria under favourable condition. The metacercariae is then consumed by the definitive 

host to excyst in the small intestine, it then wanders into the gut wall to enter the peritoneum and 

pierce the liver capsule. The newly developed flukes will burrow through the parenchyma for 

few weeks to enter the small bile ducts; from there they wander to the larger ducts and the gall 

bladder (Urquhart, 1987). 

Epidemiology 

The aquatic snails carrying the larval stages of F. gigantic have linked the disease to animals that 

graze on naturally or artificially swamped areas, permanent water channels or dams. The growth 

of eggs to miracidium in the tropical and subtropical countries that have separate wet and dry 

seasons, begins at the commencement of the wet season and complete development in the snail 

when the rain is ending. The cercariae are liberated at the beginning of the dry season while the 

water table is high and it remains as the water level falls. Metercarcariae will then be needed to 

be ingested by animals grazing at such locations in the dry time of year. The degree of infection 

at the completion of that season or start of the next wet season determines the type of clinical 

problems. The aquatic snails are mainly located in streams, irrigation channels and marshy 

swamps (Urquhart, 1987). 

Pathogenesis and clinical signs  

This course of disease is biphasic, the first phase ensues when the parasite is wandering in the 

liver parenchyma and is linked to liver damage and hemorrhage. The second phase ensues while 

the parasite is within the bile ducts, which is as a consequence of the haematophagic activity of 

the adult flukes and the destruction of the mucosa by their circular spines (Urquhart, 1987). The 

amount of metacercariae ingested directs the outcome and pattern of infection in ruminants. The 

acute phase of the disease manifest 2–6 weeks following ingestion of huge quantity of 

metacercariae (usually >2,000) within a short duration. It occurs seasonally, showing signs of 

enlarged, tender abdomen, anemia and sudden death. In sub-acute cases, ingestion of about 500–
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1,500 metacercariae within prolonged duration ensures greater chances of survival (7–10 week), 

death can however result due to hemorrhage and anemia. Chronic fasciolosis may be 

encountered all year round upon ingestion of moderate quantity (200–500) of metacercariae over 

a prolonged duration. 

Diagnosis 

Diagnosis is based on clinical signs, periodic occurrence, weather changes, and the presence of 

snail habitations, including history of faciola infection on the farm (Urquhart, 1987). 

Control 

Regular deworming of animals at the appropriate seasons, especially when the highest 

population of adult flukes gather in the host is advisable. Ways to decrease snail population in 

the affected areas should be considered. Water troughs should be washed often, since they can be 

populated by snails. Molluscide in large water bodies of water is unreasonable because of the 

harmful consequence on fish. 
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Coccidiosis  

Emeria spp.  

It has a World-wide distribution. It occurs in the small intestine and occasionally in the large 

intestine. Oocysts are ovoid to subspherical. Ten species of coccidia have been described in pigs 

(Soulsby, 1987; Radostits et al., 2000 and Urquhart, 1987) Isospora.suis is prevalent and 

commonly encountered in neonatal pigs (Mercks Manual, 2012).  

Life cycle  

Oocysts that sporulate in the environment are infective. Sporulation requires a warm wet 

environment such as in dungs or manure heap that is permanently wet. Two sporozoites 

contained in the sporocyst are motile vermiform cells. After ingestion of the cyst by an 

appropriate host, the oocyst shell raptures and the sporozoites penetrate an intestinal cell and 

develop there. The first stage, called schizogony corresponds to a sexual multiplication of the 

parasite. The second stage gametogony consist of the formation of cells, the microgametes and 

macrogametes. Fusion of a microgamete and a macrogamete produce an cocyst, a form, 

characteristically adapted for resistance and dissemination in the environment (Soulsby, 1987). 

 

Isospora suis   

I suis has a prepatent period of 4-6 days, the ellipsoidal oocyst measure 17x 13 µm and contains 

two sporocyst, when sporulated,each with four sporozoites characteristic of I. suis  

Clinical signs  

Clinical signs include biphasic diarrhoea, which varies from loose to insistent fluid, either watery 

or greasy yellowish to white. Other signs include foul smelling diarrhoea, dehydration and 

weight loss are common signs and piglets are frail (Bowman, 1999, Mercks Manual, 2012). 

Morbidity is high while mortality is low or moderate, sometimes death ensues particularly when 

piglets are covered in diarrhea and remain wet (Mercks Manual, 2012). Susceptibility to 

infection decreases with age. And though 400,000 oocyst of I.suis will likely kill a day old piglet 

only slight and temporal diarrhoea ensues if infection is delayed up to two weeks of age, and 

oocyst shedding last between one to three weeks, solid immunity to infection also occurs in 

surviving pigs (Bowman, 1999). The aetiology of infection is the oocyst formed by the sow at 

the periparturient period and the piglets become primarily infected by coprophagia. The second 

phase of diarrhoea commences as a result of re-invasion from tissue stages (Bowman, 1999, 

Mercks Manual, 2012). Although less commonly associated with clinical coccidiosis, other spp 

namely E debliecki, E neodebliecki, E scabra, and E spinosa cause diarrhea in ∼1–3 month old 

piglets and illness may last 7–10 days (Mercks Manual, 2012). However E.debliecki can cause 

clinical disease and severe pathology (Soulsby, 1987 Radostits et al., 2000 and Urquhart, 1987). 

Pathogenesis  

Pathogenic effects are confined to young pigs, older animals are seldom affected (Soulsby, 

1987). The specie Isospora suis has been incriminated as a cause of naturally severe enteritis in 

young piglets aged 1-2weeks (Radostits et al., 2000 and Urquhart, 1987)  

Diagnosis 
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Diagnosis is difficult except post-mortem material is obtained as clinical sign ensures preceding 

the shedding of oocyst which is comparable to that caused by pathogens like the rota virus 

.Oocysts shed in faeces are identified based on their size, shape, and sporulation characteristics. 

In peracute infections, diagnosis is based on the presence of parasite stages in impression smears 

or histologic sections of the small intestine since death can occur before cysts are formed. 

Histologic sections of jejunum and ileum in severe cases show villous atrophy, blunting of villi, 

focal ulceration, and fibrin necrotic enteritis. The parasite stages are found within the epithelial 

cells. Piglets recovering from disease condition are highly immune to reinfection. 

Treatment  

Amprolium in water is routinely used in piglets, while prevention by giving amporlium to sows 

during the peri -parturient period in feed one week just before farrowing up till three weeks post 

farrowing have also been in practice. 

Control 

Rigorous sanitation and steam cleaning of the farrowing unit represents the most effective 

investment in disease contro 
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Gatrointestinal helminths of humans 

Helminthes  

Hookworm 

Hookworm is the small round worm (11-13mm long) belonging to either Ancylostoma duodenale or 

Necator americanus (Jacquelyn 2005). A .duodenale is commonly seen in temperate regions but also 

occurs in the tropics and subtropics (Beck and Davies, 1976). The female worm of N americanus 

averages 10mm in length. The head end is curved dorsally in a hooked position; the male is smaller with 

the posterior end having a copulatory bursa. The female worm of A.duodenale is slightly larger and more 

robust than N. americana and the head is not curved dorsally. The male is smaller than the female and 

terminates posteriorly with a copulatory bursa. A duodenale have been reported in pigs (Beck and Davies 

1976).The eggs average 40µ to 70 µ in length by about 40µ in diameter, the shell wall is thin, clear and 

colorless. The eggs of N americana are larger than that of A.duodenale. 

Life cycle 

The embryonated eggs hatch within 5 days in suitable soil under appropriate oxygenation, and under 

appropriate environmental moisture and warmth, the rhabditifirm larvae will likely hatch within 24 hours. 

However under unfavorable condition, it may reach 5 weeks. The larvae then molts after 2 days and 

continues to grow to become the slender filariform larvae The filariform larvae then ascents on moist dirt 

and feeds on bacteria, organic debris and vegetation and grows and molts to become mature parasitic 

larvae. Upon contact with the skin of either the legs or feet, the larvae penetrate to reach the blood vessels 

and are then carried to the heart and lungs. The larvae then burrow through the lung tissue, and break out 

in to alveolar spaces and bronchioles, into the bronchial tree and finally to the pharynx where some are 

coughed up and then swallowed. They then reach the intestine and molt and penetrate the villi and molts 

again and develops into adult form. The worms are found securely grabbed in the wall of the small 

intestine of the definitive host, the adult worm will then mate and repeat the cycle. The complete cycle 

from infection to eggs appears in faeces 3-6 weeks in humans and the adult worm have a longevity period 

of up to 5 years or longer. A complex life cycle occurs in humans as the sole host. Eggs excreted in faeces 

hatch immediately in moist soil and release free living larvae.  

Epidemiology 

Appropriate environmental temperature and moisture impact the prevalence of infections and locations 

with less than 40 inches of rain, hardly have massive infection, hence seasonal variation is significant as 

the filariform larvae cannot survive desiccation or excess rain. Sandy loamy soil with good drainage is 

significant for the transmission of hookworm infection. Dogs and pigs act as reservoir host of the 

infection, and eggs are excreted out intact upon ingestion. Dung beetles are also agent of dissemination of 

the eggs .Occupation of individuals is essential for infection as it has been observed that farmers and field 

workers are more likely at risk of infection than urban dwellers. Lack of proper faecal disposal and habits 

of faecal defecation in farmlands also favor transmission of parasite and high prevalence’s have been 

recorded in children of bare foot age (Beck and Davies, 1976).  

Pathogenesis 

Most of the larvae are killed by host inflammatory reactions when they penetrate the skin; however 

ground itch is produced at site of penetration by bacterial infection. They also cause minute hemorrhages 

in the lungs and a lot of damage in the lining of the entire small intestine. The worms feed on blood to 

cause pains in the abdomen, including anoxia, protienemia, and iron deficiency, hence rendering infected 

individuals lazy especially in weakening people with inadequate diets excluding burden of worm 

infestation. 
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Symptoms 

Skin penetration site by filariform larvae results in popular dermatitis which is typical of N.americanus. 

Itching is likely to occur in secondary bacterial infection. Period of larval migration through the lungs is 

usually asymptomatic except in case of massive infection within a short period of time and in such cases, 

the symptoms observed are fever, headache, nausea, dyspnea and dry cough, with occasional blood 

streaked sputum. The period which the larvae enters the intestinal tract and develops to adult is 

accompanied by, nausea, vomiting, flatulence, diarrhea or constipation and low grade fever. The most 

significant pathological effect is intestinal blood loss, owing to the adult parasite penetration, colonization 

and subsequent attachment to the mucosa and submucosa of the small intestine . Which results to 

anaemia, as an adult worm can remove 0.05ml of blood per day. And serious anaemia may lead to 

symptoms of heart failure, enlarged flabby heart, tarchycardia, and poor growth and development. In 

minor infection anaemia may cause weakness sluggishness and malnutrition. Massive hookworm 

infection may cause chronic protein loss that may subsequently lead to hypoproteinemia and anasarca 

(Hotez et al., 2004). 

Diagnosis 

The presence of ova or worms in faeces is diagnostic. However stool should be examined on time or kept 

in fridge so as to avoid hatching of larvae, which might be confused with larvae of Strongyloides 

stercoralis. The iron and aneanic level including nutritional level should be examined (Mercks manual, 

2013). 

Treatment 

Albendazole 400 mg as a single dose or mebendazole 100 mg twice daily (b.i.d) for 3 days or 500 mg as a 

single dose is effective, however they are contraindicated in pregnancy (Mecrks manual, 2013). Dietary 

supplements especially iron should be given alongside treatment Mass treatment of vulnerable individuals 

in endemic populations has been carried out periodically (3-4 months) in some communities (Mercks 

manual 2013). 

Prevention 

This can be achieved by proper disposal of human waste and wearing shoes 
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Ascaris lumbricoides  

is the large round worm parasitizing human, measuring about 25-35 cm long. The male is small, about 

20cm in length and is more slender than the female. They are commonly found in the tropics and 

subtropics. The eggs are round to oval measuring 45µX65µ and stain yellowish to brown. Mercks manual 

2013). 

Life cycle  

Infection is by ingestion of eggs from contaminated food and water. Eggs hatch in the intestine and the 

larva burrow the intestinal wall to enter the circulatory sysem, lymph vessel and venule. The larvae 

migrate through the respiratory system to the lungs (1-7 days) for further development, and then 

eventually migrate to the bronchial tree and trachea to the pharynx and are then swallowed. Larvae then 

migrate to the small intestine, develop to adult and begin egg production. Gravid females emerge 5-8 

weeks after ingestion. An average of 2000000 eggs is produced per day and the total lifetime output is 26 

million eggs. Female lives for 12-18 months Mercks manual 2013). 

Epidemiology  

Eggs are resistant to acid and drying and environmental changes even in the soil due to the thick shell 

(Beck and Davies, 1976 and Jacquelyn, 2005). People can be infected by airborne egg, and 25% of the 

human population is infected worldwide (Jacquelyn, 2005). Eggs remain viable in soil in environments 

where hygiene is poor, and people defecate near farmlands, and may remain infective for 5 years. 

Infection is common where night soil is used as fertilizer which can be transmitted by eating raw 

vegetable. Wells could be polluted due to improper drainage of surface water and may result in infection.  

Pathogenesis  

Ascaris pneumonitis results as the larvae penetrates through the lung tissue, and causes hemorrhage, 

edema, blockage of alveoli, dead leucocytes and tissue debris, and the condition could be fatal if bacterial 

pneumonia ensues (Jacquelyn, 2005). Malnutrition is caused by adult worms as they primarily feed on 

intestinal contents, with little damage done to the mucosa. Toxic wastes are also released by the worms 

which elicit allergic reaction, and if several numbers of the adult worm are involved they can cause 

intestinal blockage and may cause stomach enlargement and pain accompanied with perforation 

occasionally (. They can also cause lactose intolerance and malabsorption of vitamin A and possibly other 

nutrients (Taren et al., 1987), which might partly cause nutritional and growth failure. Peritonitis that 

ensues following perforation is mostly fatal (Jacquelyn, 2005). Migrating worms cause liver abscess 

which can also be found in other organs (Merck’s manual 2013). 

Symptoms 

Fever, cough, wheezing and other respiratory signs and occasional bloody sputum may be seen. Little 

number of worms hardly causes intestinal symptoms, but victims are sometimes traumatized by the 

crawling of the worms from the openings from nose or umbilicus Some of the symptoms includes, 

cramping abdominal pain, anorexia, nausea, and vomiting, Jaundice (Mercks manual, 2013). 

Diagnosis 

Eggs or worms in faeces are diagnostic. Adult worms can also be seen emerging from natural orifice 

(Mouth, nose, and rectum), and larvae may also be found in sputum. Eosinophilia may be marked while 

chest x-ray may show infilterates (Mercks manual, 2013). 

Treatment 

The drugs of choice for treatment include, a single dose of albendazole at 400mg, or mebendazole 100 mg 

bid for 3 days or 500 mg as a single dose. Other includes a single dose of ivermectin 150 to 200 mg/kg. 

The drugs however belong to the pregnancy category C drugs; hence risk of treatment should be weighed 
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against non-treatment in infected patients. Nitazoxanide is only effective in mild cases. Obstructive cases 

by the adult worms that do not respond to therapy may undergo surgery orextraction through endoscopy 

(Mercks manual, 2013). 

Prevention 

Improved sanitation and standard of personal hygiene are good measures of prevention, other measures 

include avoiding unwashed and raw vegetables in locations where human sewage are used as manure 

(Mercks manual, 2013).  
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Trichuriasis 

Trichuriasis is a disease condition caused by Trichuris trichura, known as the whipworm, the female 

worm has a long slender esophageal region that makes up two third of the total body length, while the 

male is smaller and has a curled tail that has the copulatory organ. The barrel shaped eggs have an 

average size of 50-20µ with bipolar poles (Beck and Davies, 1976). 

Life cycle 

Infections are favored by faecal deposition in warm moist soil in shady areas (Beck and Davies, 1976 and 

Jacquelyn, 2005). Partially developed embryos are found in the eggs laid in the faeces (Jacquelyn, 2005) 

which develop to infective larvae in 3-6 weeks (Beck and Davies 1976). The larvae hatch when 

swallowed (Jacquelyn, 2005) in the jejunum and burrows through the intestinal villi for further 

development within 3-10 days (Beck and Davies 1976). The young adult migrates to the caecum and 

matures to adulthood. It takes 90 days from ingestion for the worm to become a fully matured female 

adult. Principally the adults live in the ceacum but may occasionally be found in the entire colon and the 

rectum in cases of massive infection (Beck and Davies, 1976). The juveniles migrate to the crypts of 

Lieberkuhn for development to occur. They then migrate back into the intestinal lumen so as to reach full 

maturity within 3 months of initial infection.  

Epidemiology 

The worm has a worldwide distribution and occurs extensively in the tropics and subtropics. It is also 

found in southern cities where living conditions and hygiene is poor, and especially in places where 

human feces are used as manure and where open defecation is commonly practiced (Mercks manual, 

2013). Infection is also common in areas of high humidity and where soil clay holds moisture, and thick 

shade and warm climates exist especially in the tropics. Children that lick their fingers are particularly 

susceptible (Jacquelyn, 2005) and have high incidence due to their proximity to soil and the hand to 

mouth contact, and infection also occurs as a result of ingestion of contaminated food and water  The 
adult worms can live for 1 to 2 years or more (Mercks manual, 2013). 

Pathogenesis 

The intestinal mucosa is damaged by the adult whipworm as it feeds on the blood, and rectal bleeding 

may occur in children. 

Symptoms  

Symptoms observed are chronic bleeding, anemia, malnutrition, allergic reactions to toxins and 

susceptibility to secondary bacterial infection (Jacquelyn, 2005). Light infections are normally 

asymptomatic, the common symptoms seen abdominal pain, vomiting, constipation, fever, distention, 

flatulence, headache, backache, anorexia, and weight loss. In severe infections, bloody diarrhea and 

weight loss are common. Rectal prolapse due to tenesmus is common in heavy infections especially in 

children Very rarely, fatal cases may occur in malnourished neglected children ((Mercks manual 2013). 

Diagnosis 

Typical barrel shaped ova with polar plugs in faeces are seen in faeces. Adults are rarely seen in faeces 

due to their firm attachment to the intestinal wall except in massive infections or following successful 

treatment. Multitudes of tiny white adult worms and their free undulating end can be seen in cases of 

rectal prolapse. 
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Treatment 

A singke dose of mebendazole 100 mg bid for 3 days or 500 mg as a single dose is an effective drug of 

choice. Albendazole 400 mg once daily for 3 days or ivermectin 200 mg/kg once daily for 3 days are also 

effective choices, however all three drugs are contraindicated in pregnancy.(Mercks manual, 2013). 

Prevention  

Proper waste disposal and improvement on personal hygiene is necessary for prevention (Mercks manual, 

2013). 
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Trematodes 

Food-borne trematodiases has persisted as public health problem globally, notwithstanding variations in 

consumption practices, modifications in communal and farming activities, health education, industrial 

development, environmentally friendly adjustment, and wider range of dewormers used. They tend to 

occur focally and insistently and are endemic in some parts of the world, with higher prevalence in 

isolated rural places in school-age children, low-income earners, and women of child-bearing age. 

Infection by intestinal fluke is worsened by socio-economic influences including poverty, 

undernourishment, absence of food inspection and hygiene, and decreasing economic conditions. 

Infection is by ingestion of food or water that is contaminated by intermediate hosts such as infected fish 

and aquatic animals (e.g, crustaceans and clams (Fried, et al., 2004; Keiser and Utzinger, 2009) 

  

Schistosomiasis  

Schistosoma spp are trematodes colonizing the circulatory system and live in the portal system and 

mesenteric and vesicle venules of humans. The parasite has separate sex amongs other flukes and is 

responsible for bilharzia in endemic areas. Ova are not operculated and they lack a second intermediate 

host. S.mansoni corresponds to S.haematobium in Africa, but is not widely spread. The male averages 

10mm in length with a width of 1.1mm and has a grossly tuberculated integument. While the longer 

female is more slender and measures an average of 14mmX0.16mm. They are ovoid and yellowish brown 

in colour and have a lateral spine which distinguishes it from other species and have an average size of 

115 to 175µ X45 to 70µ. Infection is acquired by contact with freshwater, where aquatic snails have been 

contaminated by faeces or urine of persons with intestinal or urinary schistosomiasis. 

Life cycle  

The life cycle starts as the eggs are released in water through faeces or urine from the parasites in humans 

comprising the miracidia (Beck and Davies, 1976). The eggs hatch to release miracidia. The miracidia 

swims and finds a snail intermediate host, which it penetrates and it then undergoes two stages of 

development and progresses to a generation of sporocyst and finally develops to a cercariae. The cercariae 

are liberated from the snail host, it swims freely and penetrates the human skin, and in the process lose 

their forked tail to become schistosomula which are transported through the blood vessels of the intestines 

or the urinary bladder. They then mature into adults, the paired (male and female) adult worms migrate 

(depending on their species) to the intestinal veins in the bowel or rectum or to the venous plexus of the 

gastro intestinal tract, where they reside and begin to lay eggs. The immature worm lays eggs within 10 

days comprise of a miracidium . The adult worm travels principally from the liver to the branches of the 

mesenteric veins in the wall of the large intestine. The female is held in continuous copulation as eggs are 

being laid in small venules in the submucosal layers of the bowel wall. Some of the eggs that are stuck in 

the tissues do not get in to the intestinal lumen; others burrow the mucosa and are being passed out in 

faces. While others are transported in the portal flow and carried to the liver, while the rest in the 

hemorroidal plexus are carried by anastomoses to the inferior vena cava and then to the heart and lung 

where a lot of them are trapped in the capillary bed .  

Epidemiology 

WHO has reported that schistosomiasis is primarily second to malaria as a cause of morbidity and 

mortality in the tropics. Schistosomiasis has long been recognized as a rustic disease. It has closely been 

intertwined with traditional agricultural activities and also due to the obligation of using natural water 

bodies for domestic and recreational purposes. However increasing rural and urban migrations, and 

improved water channels including irrigation systems, small dams and reservoirs has made the disease to 

become an urban disease in slums of cities in the north-east of Brazil and in West Africa .S. mansoni; this 
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is found in Sub Saharan Africa, Eastern Mediterranean, Latin America and the Caribbeans (Steinmann et 

al., 2006, Mercks manual, 2013), 

Pathogenesis  

Schistosoma mansoni and Schistosoma japonicum can cause serious intestinal difficulties as their eggs 

enter into the intestine causing intestinal injury, portal hypertension, and advanced enlargement of the 

liver and spleen. The first stage of infection is asymptomatic, sometimes tingling sensation is observed as 

the parasite penetrates the skin, transient dermatitis ensues and in rare cases lymphangiitis. The second 

stage is associated with egg deposition, symptoms seen are fever, chills and gastrointestinal complains 

and most of this stage is due to allergic reaction. Urticaria, angionneuretic edema and eosinophila are also 

common, and are accompanied by gastrointestinal, hepatic and pulmonary dysfunction. Dysentry, 

abdominal cramps and ulcers and polyps appear in the colon. The dysentery may occour two months to 

several years after infection without the toxic or allergic signs. Eggs will continoiusly be laid throughout 

the lifetime of the adult for an average of 4-5 years or for 20 years. The third stage occurs with tissue 

reaction due to the presence of egg with the typical pseudotubercle formation, which might also be 

transported to other organs and cause pulmonary and nervous signs. 

Symptoms 

Disease is asymptomatic in early stages of disease, and pruritic papular rash may occour at penetration 

site in previously infected individuals. Katayama fever ensues within 2 to 4 wks after eggs are laid in 

massive infection showing fever, chills, cough, nausea, abdominal pain, malaise, myalgia, urticarial 

rashes, and marked eosinophilia, which last for some weeks and symptoms are mostly severe in visitors 

(Mercks amual, 2013). 

Diagnosis 

History of exposure to fresh water in endemic areas and presence of characteristic eggs in faeces and 

urine is diagnostic. Serological test may be sensitive and specific but do not provide burdens or prognosis 

of disease (Mercks manual, 2013). 

Treatment  

Single dose of praziquantel at 20 mg/kg bid is recommended for for S. haematobium, S. mansoni, and S. 

intercalatum, while 20 mg/kg tid is recommended for S. japonicum and S. mekongi. Praziquantel is not 

effective in early Katayama fever (Mecks manual, 2013). 

Prevention 

Snail control and preventing people from defecating along river banks is recommended. Boiling or 

filtering drinking water from streams and improved personal hygiene are recommended Vaccine 

development is in progress (Mercks manual, 2013).  
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Fascioliasis      

F hepatica and F.gigantica are two digenic trematodes responsible for the disease fascioliasis which is a 

significant public health disease. The parasites colonize the bile duct, liver and gall bladder of the host. 

F.gigantica measures 2-3 cm and reproduction is by both sexual and asexual means and the adults are 

hemophrodites . 

Life cycle  

The snail is the intermediate host and the cercaria which is the larval form develops in it, whene cercaria 

are released they mature in water and encyst to form metacercaria on water vegetation. 

Epidemiology 

Liver fluke infection affects 40 million people worldwide through foodborne infections. Fasciola 

hepatica is found in humans in South America, Cuba, northern Africa and some parts of Europe. The 

disease has been a significant public health challenge in Europe, Asia, Africa, and Oceania (Mas-Coma et 

al., 1999). And the incidence of disease and morbidity is increasing worldwide especially in areas with 

significant sheep or cattle production and human incidence has been increasing over the past 20 years.. 

Pathogenesis  

Upon ingestion of such vegetation especially water cress, human become infected and release metacecaria 

in the large intestine, the metacercaria penetrate the intestinal wall and travel to the liver. They then feed 

on blood and block the bile duct and cause inflammation and occasionally travel to the eyes, brain and 

lungs. The adults can sometimes stay in the bile duct and the gall bladder and can live for 10 years. 

Symptoms 

In acute cases occouring due to liver destruction, symptoms include abdominal pain, hepatomegaly, 

nausea, vomiting, intermittent fever, urticaria, eosinophilia, malaise, and weight loss. While chronic cases 

are asymptomatic or may be accompanied by intermittent abdominal pain, cholelithiasis, cholangitis, 

obstructive jaundice, or pancreatitis. Severe infection may lead to sclerosing, cholangitis and biliary 

cirrhosis, and ectopic lesions are likely to ensue in the intestinal wall, lungs, or other organs. Cases of 

pharyngeal fascioliasis have occoured in the Middle East following ingestion of raw liver (Mercks 

manual. 2013). 

Diagnosis  

Serological test may detect antibody in acute phase of diseases before egg production. As 

diseases progresses, eggs can be found in stool samples in chronic cases or from duodenal 

materials. Computed Tomography of the liver in early or acute stage of disease may reveal 

hypodense lesions. While in chronic infections lesions in biliary tract may be identified by 

Ultrasonography, Computed Tomography, and Mirror Resonance Imaging and Endoscopic 

retrograde cholangiopancreatography. Antibody detection assays are also useful in the early 

stages of infection before eggs are produced (Mecks manual, 2013). 

Treatment 

A single dose of triclabendazole at 10 mg/kg, is effective or it can be taken twice daily for massive 

infection. Nitazoxanide at 500 mg bid for 7 days and bithionol at 30 to 50 mg/kg every other day for 10 to 

15 days are also effective and recommended choices (Mercks manual, 2013)  

Prevention  

Water vegetation should not be eaten unless cooked.  
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Fasciolopsis buski   

It is the largest trematode traumatizing humans and is distributed extensively in pigs in south East Asia. 

The average size varies from 2-7cm in length and from 5mm-2cm in breadth and 2 or 3mm in thickness. 

It has a body with spines that are easily lost and has no cone, the shoulders are anteriorly placed as in 

hepatica, and the two intestinal cecca do not bear lateral branches. The average size of the egg is 140 by 

80µ to 85 µ which comprises of fertilized unsegmented ovum when freshly laid and is difficult to 

distinguish from eggs of hepatica. 

Life cycle 

Adult lays about 2500 eggs per day which hatches in water between 3-7 weeks and the miracidium 

survives for about 10 hours in warm weatherm and 60 hours in cold weather. The sporocyst arises in 

snails (Segmentina and Hippeutis schmackeri). The radiae grows between 3-4 days and appear after 

10days. The cercariae upon emerging from the rediae resides in the snail to grow and it finally leaves and 

swims vigorously to encyst on water plants including nuts of certain plants, red caltrop, water chestnut, 

water bamboo and water hyacinth. It then lives in the intestine and affect the duodenum with focci of 

inflammation at sites of attachment which might sometimes lead to haemorrhage or abscess formation s. 

Epidemiology 

The fluke is commonly found in pigs and humans in the orients and lives on the small intestine and cause 

chronic diarrhea and inflammation. Flukes in large numbers can cause obstruction, abscesses and 

verminous intoxication which causes allergic reaction due to the toxins produced by the fluke’s metabolic 

waste.  

Symptoms 

Symptoms in heavy infection include diarrhea or constipation, weakness and causes facial, abdominal and 

lower limbs oedema, anaemia, and ascitis which might occasionally lead to prostration and death, 

particularly in children.  

Diagnosis  

Eggs in faeces are diagnostic (Mecks manual, 2013). 

Treatment 

A single dose of praziquantel at 25 mg/kg, or given once tid is effective (Mercks manual, 2013). 

Prevention  

Control snail habitats, avoid uncooked vegetation and avoid the use of human sewage as fertilizer. 
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Protozoans  

The cyst of protozoas are flexible with considerable infections occurring in poor tropical surroundings 

than estimated, even in cases where outbreak  are not reported nor epidemio logical surveys carried out. 

Outbreaks occours in peak of rainy season with maximaum rains occouring when the water management 

systems are overcome with other bacterial infections namely cholera, resulting in annual floods. 

Entamoeba histolytica, which causes amoebic dysentery, is the second most common cause of death 

among parasitic infections globally following malaria. Estimates have shown that 40–50 million people 

are infected with E. histolytica with death resulting in approximately 100,000 annually globally. 
Entamoeba has 3 species that are difficult to differentiate morphologically except by molecula method 

and include E. histolytica which is pathogenic, E. dispar, is harmless and common and lastly E. 

moshkovskii, which has uncertainty surrounding its pathogenicity. Disease is caused by E. histolytica and 

tends to occur in regions with poor socioeconomic conditions and poor sanitation. Most infections occur 

in Central America, western South America, western and southern Africa, and the Indian subcontinent. In 

developed countries (eg, US), most cases occur among recent immigrants and travelers returning from 

endemic regions. 

 

Entamoeba histolytica 

Life cycle  

The size of E.histolytica varies, depending on the race it is observed, and varies from 8µ to 30 µ in 

diameter and exists as either trophozoites or cysts. 

The life cycle has two stages. Infection is acquired by ingestion of contaminated food and water with 

faecal matter. Upon ingestion, cyst passes from the stomach to the small intestine where it ruptures to 

release amoebid trophozoites in the colon. It then reproduce asexually and feed on bacteria that are 

present in the normal microflora of the large intestine with no adverse effect to the host and may live 

there indefinitely. The parasite upon colonizing the intestinal mucosa multiply to cause major ulceration, 

and the proteolytic enzymes produced occasionally digest deep into the bowel wall. Lesions are often 

found in the cecum and rectosigmoid area (Beck and Davies, 1976). Occasionally the protozoa migrate to 

the blood vessels and migrate to other tissues or permit the entrance of bacteria in faecal matter to enter 

the body cavity and cause peritonitis. The abdomen of such patients are normally tender and they 

experience multiple number of bowel movements per day, about 30 or more with ensuing dehydration 

from excessive loss of fluid. Abscesses can occur if they colonize the lung or liver tissue. The 

trophozoites encyst as the faecal mass becomes dehydrated while passing through the colon, and cyst are 

passed along with faces. The cyst encyst in the ceacum and colon by rounding up the trophozoite, it then 

expels the undigested particles of food, shrinks in size and secretes a cyst wall. 

Epidemiology 

Amaebiasis is caused by the pathogenic E.histolytica, it is transmitted faeco orally, flies and cockroaches 

also may act as mechanical vector. It can also be transmitted by oral sex where there is ingestion of faecal 

matter and by hand to mouth contact (Beck and Davies, 1976). It can be acute and known as amoebic 

dysentery or chronic amebiasis, and can also return suddenly to the acute stage. It has been estimated that 

approximately 400 million people are infected worldwide with mostly chronic amabiasis, with 

proportions varying from 1% in Canada, 5% in the US, and 40% in the tropical areas. Cyst is readily 

susceptible to dessication and high temperatures, but can survive for 30 days in cool moist environment 

reaching a peak of 90 days at 00 C in water. Undiluted faeces at 370 C allows survival of cyst even though 

rate of bacterial growth that is destructive to cyst is high and they are not killed by chlorine in water. 
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Symptoms 

This includes intermittent diarrhea, constipation, flatulence, abdominal cramps and pain. Other symptoms 

are tender feeling across the liver and ascending colon, and bloody and mucoid feaces (Mercks manual, 

2013).  

Diagnosis  

This is by identification of trophozoites or cysts in stool, and cyst has a typical progressive directional 

motility, and the pseudopodia are explosive and show a marked demarcation between the ectoplasm and 

the endoplasm. It has occasional presence of red blood cells in the in the cytoplasm. The nucleus is 

invisible in saline and the cytoplasm is clear except for ingested bacteria. Serological test may be 

employed on stool samples. Imaging and serological test can be used in extraintestinal infection (Mercks 

manual, 2013). 

Treatment 

Metronidazole at 500 to 750 mg tid for7-10 days is effective and is contraindicated in pregnant women. 

Tinidazole, 2g once daily for 3 days is also effective, it is also contraindicated in pregnancy, however 

adverse reaction are better tolerated than metronidazole. 

In massive intestinal and extraintestinal infections, 750 mg of metronidazole tid is effective for 7 to 10 

days, while 2g of tinidazole at 2 g once daily for 5 is recommended. The course of the above treatment 

should be followed by other oral drugs including either, Iodoquinol at a dose rate of 650 mg tid for 20 

days or Paromomycin 8 to 11 Mg/Kg tid for 7 days or diloxanide furoate 500 Mg tid for 10 days (Mercks 

manual, 2013) 

Prevention  

Strict sanitary measures of handling food and water also prevent the disease (Beck and Davies, 1976). 

 

Entamoeba coli  

The life cycle is in two stages, just like in E. histolytica, the trophozoite and the cyst stage are similar in 

virtually all aspects except for the difference in morphological features. It does not invade other tissues 

which make it nonpathogenic. Size of trophozoites varies from 12µ to 30µ in diameter and is usually 

bigger than the vegetating form of E. histolytica. Movement is by short blunt broad pseudopodia, which is 

hardly ever progressive, and movement is directional and their activities are sluggish. The cytoplasm in 

most cases appears dirty by the excessively ingested bacteria, fungi and other food particles. Bloody 

diarrhea has been shown to be commonly associated with E. histolytica and diarrheagenic E. coli 

infections and consequently reduce school attendance in children, which affect their educational 

performance (Mercks manual, 2013) 

 


