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ABSTRACT 8 

Aims: This study was carried out to assess aspects of the epidemiology of hookworm infections 
and the influence of some epidemiological factors on their prevalence in some farming 
communities in Afikpo South L.G.A. of Ebonyi State.  
Study design:  This was an experimental study. 
Place and Duration of Study: This study was carried out in the Department of Applied Biology 
Laboratory, Ebonyi State University, Abakaliki, Nigeria between May, 2013 and November, 2013. 
Methodology: A total of 442 stool samples from school children and adults were collected and 
examined using direct smear and formol-ether concentration techniques for the presence of the 
parasite eggs. 
Results: Out of the number examined, 35(7.9%) samples were positive for hookworm infections. 
Other helminthic infections observed were Ascaris lumbricoides 192(43.4%) and Trichuris 
trichiura 4(0.9%). The only mixed infections were seen between hookworms and Ascaris 
lumbricoides which recorded 21(4.8%) prevalence. There was no significant difference in the rate 
of infection with hookworms between the different age groups (X

2
=2.68;  P>0.05), though 8-14 

years age group had the highest infection rate (9.8%) while those between 21-30 had the lowest 
(3.5%). The sex distribution showed a higher infection rate in females with prevalence of 
22(9.0%) while 13(6.6%) cases were recorded among the males, however, there was no 
significant difference in infection rate between the sexes (X

2
=0.90; P>0.05). 

Conclusion: This study showed that the occurrence and distribution of hookworms and other 
geohelminth infections were still high in Afikpo South L.G.A. despite the periodic deworming 
exercises by the governmental and non-governmental agencies. The different epidemiological 
factors analyzed including farming, use of streams and open defaecation presented the highest 
risk for hookworm infections. Hence, provision of portable drinking water, adequate sanitary 
disposal of faeces and refuse, health education on the biology of the hookworms and improved 
personal hygiene should be integrated into the periodic deworming exercises for optimum result. 
 9 
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1. INTRODUCTION 14 

 15 
The prevalence of emerging and re-emerging infectious diseases is of continuous public health concern 16 
globally. Hookworm infections constitute significant public health problems in many developing countries 17 
[1]. Humans are known to serve as hosts for over 300 species of helminths, about 200 species of which 18 
have been reported from the alimentary tract and its associated ducts and organs. Humans become 19 
infected by infective larvae penetrating the skin before becoming adult after moving through the hearts 20 
and lungs for about 10 days. Many eggs are laid by the worms daily and they are expelled in the faeces 21 
of the infected persons. The ova develop and mature in the soil which may infect another human when 22 
the filariform larvae come in contact with the skin [2]. The epidemiology of hookworm infections depend 23 
on three interactive factors which include the following;  the mode and extent of faecal pollution of the soil, 24 
the suitability of the soil for the eggs and larval development, the extent of contact between infected soil 25 
and skin, and the presence of abiotic factors on the viability of the egg [3]. 26 
 27 
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Hookworm infection has been in the poor and has continued to re-emerge shortly after treatment. Re-28 
infection by the worms has been reported to start after treatment and reaches and even exceeds 29 
pretreatment levels [4]. The disease that results from hookworms was not imagined to be a disease at all; 30 
the people who had it were merely assumed to be lazy and were thus disposed and stigmatized, when 31 
they should have rather been considered pathetic [5]. It is a neglected but serious health problem 32 
especially of the school- age children. The entire tropical Africa and Nigeria in particular especially the 33 
rural areas are characterized by ignorance, low educational status, over population, low income earning, 34 
poor environmental sanitation and resource constraints which are hallmarks of intestinal parasites 35 
transmission- encouraging factors [4]. 36 
 37 
Many infections caused by parasites, mostly those resulting from helminthes are asymptomatic, may 38 
produce mild or confounding symptoms and are always neglected until serious or insidious medical 39 
pictures are observed [6]. The most important medical feature of hookworm disease is anaemia and this 40 
is as a result of excessive blood loss and the degree of blood loss is correlated with the type of hookworm 41 
involved [7], the extent of iron deficiency anaemia resulting from hookworms is also connected to the 42 
number of hookworms which infect the individual [8]. Children, women of reproductive age and pregnant 43 
women are the ones most vulnerable to developing anaemia due to hookworm infection because of their 44 
poor iron status [9]. Iron deficiency anaemia during pregnancy lead to adverse maternal-foetal 45 
consequences including prematurity, low birth weight and impaired lactation [10]. The infections play a 46 
central position as contributory factors in the cause of childhood malnutrition because heavy insidious 47 
infections with these worms may worsen malnutrition particularly among already malnourished families 48 
from socio- economically underprivileged communities. It is also recognized as one of the leading causes 49 
of child morbidity in the developing countries of the tropics and sub- tropics. Hence, in susceptible 50 
children, this infection affects their cognitive ability and causes growth retardation [11]. Hookworm 51 
infection seldom lead to death, rather, the burden of disease is related less to mortality than to the chronic 52 
and insidious effects on the health and nutritional status of the hosts [12]. The disease has long been 53 
identified as an important causative factor of intestinal blood loss which leads to deficiency of iron in the 54 
body and protein malnutrition. The iron deficiency anaemia that results from moderate or heavy 55 
hookworm burden is known as hookworm disease [13]. The rate of blood loss has been estimated to be 56 
0.04ml per worm each day for N. americanus and 0.18ml per worm each day for A. duodenale [7]. 57 
 58 
In Nigeria, the disease is considered to be more prevalent among the lower class group and peasant 59 
farmers who are most probable to become in contact with the polluted soil while working [14]. This study 60 
therefore investigated the epidemiology of hookworm infections and the influence of some 61 
epidemiological factors on their prevalence in some farming communities in Afikpo South L.G.A. of 62 
Ebonyi State. 63 
  64 
 65 

  66 
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2. MATERIAL AND METHODS 67 

 68 
2.1 Study Area  69 

This study was carried out in Edda, Afikpo South Local Government Area of Ebonyi State. Edda is almost 70 
sandwiched between two major roads: the Okigwe-Afikpo road which runs across its northern borders, 71 
and the Umuahia-Ohafia- Arochukwu road on the southern borders. The landmass occupied by Edda 72 
people is estimated at ninety square miles or about 144 square kilometers. Edda land is situated within 73 
the geographical longitudes 7.43 and 7.55 degrees east of meridian and between the latitudes 5.42 74 
degrees and 5.58 degrees north of the equator. Edda is bounded on the North by Okposi/Amasiri, on the 75 
south by Ohafia and on the East by Unwana while bounding it on the west is Nkporo. On the North- East 76 
of Edda is found Afikpo town, on the South-East is Erei (Enna) - a community in Cross River State. On 77 
the North- West, Edda is borded by Akaeze, and on the South-West by Abiriba [15].  78 
 79 
Edda has a tropical climate and the vegetation is rain forest. It has average annual rainfall of about 1800 80 
mm and average atmospheric temperature of 30

0
C [16]. The two different seasons are the rainy and dry 81 

seasons, rainy season usually start in April and end in October  while dry season occurs from November 82 
to March  [15]. Edda is traversed by many streams which serve as the main sources of water supply to 83 
the communities in Afikpo South L. G. A. [16]. There is indiscriminate sewage and feacal disposition in 84 
the communities. The inhabitants are mainly subsistent farmers and petty traders and most of them lack 85 
proper education, however, there are few local government staff, health workers and school teachers in 86 
Edda. Social Amenities such as electricity and good road network are available while portable drinking 87 
water is essentially lacking. There is at least one health centre in each community with one general 88 
hospital in the whole area (at Owutu Edda). 89 
2.2 Study Population 90 

The population for this study included primary school pupils from three selected primary schools in the 91 
area, namely: Edda Central School, Igbara Primary School and Community Primary School, Ebunwana 92 
Edda and also one Secondary School, namely: Itim Secondary School, Itim Edda. Adults were also used 93 
for this study. Households were randomly selected and samples collected from volunteers from each 94 
household.  95 
2.3 Ethical Consideration 96 

Ethical clearance for this study was gotten from the research and ethics committee of the department of 97 
Applied Biology, Ebonyi State University, Abakaliki, Nigeria. Permission was also taken from the head 98 
teachers of the various schools studied. The pupils were educated on the causes and health implications 99 
of hookworm infection among school age children. The pupil`s information and findings were handled with 100 
utmost confidentiality and for the purpose of this study only.  101 
2.4 Sample Collection  102 
Corked sterile bottles were given to the pupils for collection of their stool samples at home. The pupils 103 
were taught how to collect stool samples and demographic information such as age, sex, type of toilet 104 
facility used and parents occupation were collected from  each pupil during submission of their stool 105 
samples. Adults were met at their various homes by house-to-house method. Households were randomly 106 
selected and samples collected from volunteers from each family. The same method used for school 107 
children was applied on them in collection of their stool samples. After collection, the stool samples were 108 
properly labelled and transported to the Applied Biology Laboratory, Ebonyi State University for analysis. 109 
Samples that were not examined the same day of collection were preserved with 10% formalin until 110 
examination [17].  111 
2.5 Laboratory Examination  112 
The stool samples were analysed using the direct smear and formol–ether concentration technique.  113 
  114 
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2.5.1 Direct Smear Method 115 
Using the direct smear method, about 0.1g of feaces was collected with an applicator stick and emulsified 116 
on a drop of normal saline on a glass slide that was labelled appropriately. The preparation was covered 117 
with a clean cover slip, avoiding air bubbles. The slide was then mounted under x10 and x40 objectives of 118 
the light microscope and examined for hookworm eggs [17].  119 
2.5.2 Formol-ether Concentration Technique 120 
Samples that were found to be negative by direct smear examination were re-examined using formol-121 
ether concentration technique [18]. In this, about 1g of the faeces was collected with a stick, mixed with 122 
physiological saline and put in a screw-cap bottle containing 4ml of 10% formol water. The bottle was 123 
capped and mixed by shaking for about 20 seconds. Thereafter, the faeces were sieved and the 124 
suspension collected in a beaker. The suspension was poured into a tube and 3ml of ether was added. 125 
The tube was stoppered and mixed by shaking for 1 minute, after which, the stopper was removed and 126 
the setup was centrifuged immediately at 3000 r.p.m. for 1 minute. An applicator stick was used to loosen 127 
the layer of faecal debris from the side of the tube after centrifugation. The layers of ether, debris and 128 
formalin that were formed were poured off. The sediment was mixed, transferred to a slide and covered 129 
with a cover slip. The slide was examined under the microscope using x10 followed by x40 objective to 130 
identify the hookworm eggs [19].  131 
 132 

2.5 Statistical Analysis 133 
The data were analyzed using Chi-Square test. Statistical package used was SPSS (Scientific Package 134 
for Social Sciences) version 16.0. 135 

 136 

3. RESULTS AND DISCUSSION 137 
 138 
A total of 442 samples from different people were examined for hookworm eggs, out of which 35(7.9%) 139 
were infected with hookworms while 192(43.4%) and 4(0.9%) were infected with A. lumbricoides and T. 140 
trichiura respectively. The only mixed infections observed were seen between Hookworms and A. 141 
lumbricoides which recorded 21(4.8%) prevalence whereas 190(43%) were uninfected with any of the 142 
helminth species (Figure 1). The findings of this work confirm the existence of hookworms in Afikpo 143 
South (Edda) L.G.A of Ebonyi State. This shows that despite the periodic deworming exercises by the 144 
government, hookworm infection is still widespread mainly in the tropics. The prevalence rate of 7.9% 145 
recorded for hookworm infections in Edda is considerably lower than 68.2% obtained by Adenusi and 146 
Ogunyomi [20] in Ibadan, 22.26% recorded by Bala and Yakubu [21] in Jos and 8.6% by Ibrahim and 147 
Zubairu [22] in Kano. It is however higher than 6.6% reported by Chollom et al. [23] in Plateau State, 148 
3.2% by Odebunmi et al. [24] in Vom, Plateau State and 2.5% by Ekpenyong and Eyo [25] in Enugu 149 
State. The reason for this low prevalence rate for hookworms in this study cannot be unconnected with 150 
the fact that children rarely walk barefooted in the area, hence, the rate of penetration of skin by the 151 
larvae of the parasite is reduced. Also, the massive deworming exercise should have reduced the 152 
hookworm burden in the area. 153 
 154 
The study also revealed overall prevalence of geohelminthiases of 57% with hookworms (7.9%), A. 155 
lumbricoides (43.4%), T. trichiura (0.9%) while the only mixed infections were found between hookworms 156 
and A. lumbricoides (4.8%). A. lumbricoides had the highest prevalence (43.4%) followed by hookworms 157 
(7.9%) while the lowest was recorded for T. trichiura (0.9%). The high prevalence of soil transmitted 158 
helminthiases in Edda especially A. lumbricoides is comparable with previous general studies elsewhere 159 
in Nigeria [5,14,16,25-30] but disagrees with those of Udonsi et al. [31] and Suswan et al. [32] who 160 
reported higher prevalence of hookworm infections over other geohelminths, as well as those of Ogbe 161 
and Adu [33], Asaolu et al. [34] who observed higher prevalence of T. trichiura to both Ascaris and 162 
hookworms. The high prevalence of these infections may be attributed to high level of unhygienic 163 
practices among most of the inhabitants of the area which enhanced transmission. It is also established 164 
that A. lumbricoides infections are rarely found alone in human communities. The co-infection of 165 
hookworms with A. lumbricoides also agrees with the result of Ibidapo and Okwa [27]. 166 
 167 
The prevalence of hookworm infections in the area in relation to age was reviewed. Children between the 168 
age group 8-14 years had 20(9.8%) infected individuals out of 205 examined, 6(7.5%) infections were 169 
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observed for those between the age group 15170 
3(6.3%) were observed for adults between 31171 
infected persons. There was no s172 
respect to age (Table 2).  173 
 174 
Relatively, people of all ages were equally exposed to hookworm infection except those within the age 175 
group 21-30 years which recorded lower prevalence of 3.5176 
reported among 8-14 years age group in this study is closely linked to their habits. This is generally the 177 
school age. This may be due to frequent exposure to infected soil and as they played around with 178 
contaminated ground, they infect their hands with infective ova of hookworms which are transferred to the 179 
mouth especially when they fail to wash their hands before eating. This may also be attributed to the lack 180 
of protective immunity in children. Furthermore in t181 
intensity of most parasitic infections reduces with increase in age 182 
50 years recorded a high infection rate of 7.7%. This observation is likely to be a result o183 
behaviours as one gets older. The prevalence of hookworm infections among the different age groups 184 
was however not significant (X

2
=2.68; P>0.05) and this indicates that the occurrence and distribution of 185 

hookworms in Afikpo South L.G.A. is not186 
[36], Chollom et al. [23], Odebunmi 187 
correlate with the findings of some workers who reported otherwise like those of Bala188 
Jos North, Plateau State, Agi and Awi189 
 190 
 191 

192 
 193 

Figure 1: Distribution of Geohelminth species in Afikpo South L. G. A.194 
 195 
 196 
Table 1: Age Distribution of Hookworm Infection197 
 198 

Age (years) No. Examined 

8-14 205 
15-20 80 
21-30 57 
31-40 48 
41-50 52 
Total 442 

 199 
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observed for those between the age group 15-20, while those between 21-30 years old recorded 2(3.5%), 
3(6.3%) were observed for adults between 31-40 whereas those between age group 41
infected persons. There was no significant difference (X

2
=2.68; P>0.05) in the rate of infection with 

Relatively, people of all ages were equally exposed to hookworm infection except those within the age 
30 years which recorded lower prevalence of 3.5%, the high prevalence of hookworms (9.8%) 

14 years age group in this study is closely linked to their habits. This is generally the 
school age. This may be due to frequent exposure to infected soil and as they played around with 

ted ground, they infect their hands with infective ova of hookworms which are transferred to the 
mouth especially when they fail to wash their hands before eating. This may also be attributed to the lack 
of protective immunity in children. Furthermore in this study, contrary to the fact that the prevalence and 
intensity of most parasitic infections reduces with increase in age [13,35], adults within the age group 41
50 years recorded a high infection rate of 7.7%. This observation is likely to be a result o
behaviours as one gets older. The prevalence of hookworm infections among the different age groups 

=2.68; P>0.05) and this indicates that the occurrence and distribution of 
hookworms in Afikpo South L.G.A. is not age-dependent. This is in agreement with the results of Ayorinde 

, Odebunmi et al. [24], Ekpenyong and Eyo [25]. On the other hand, it does not 
correlate with the findings of some workers who reported otherwise like those of Bala and Yakubu 
Jos North, Plateau State, Agi and Awi-waadu [37] in Amassoma community in Niger Delta and Njoku 
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Table 2: Sex Distribution of Hookworm Infections in Afikpo South L. G. A.  201 
 202 

Sex No. Examined No. Infected No. Uninfected Prevalence (%) 

Male 198 13 185 6.6 
Female 244 22 222 9.0 
Total 442 35 407 6.96 

 203 
Table 3 presents the prevalence of hookworm infections in Edda by sex, Out of 198 males examined for 204 
hookworms, 13(6.6%) were infected with the worms while 22(9.0%) out of 224 females that were 205 
examined had hookworm infections. However, the difference in the rate of infection was not statistically 206 
significant (X

2
=0.90; P>0.05). The results indicated that more females (9.0%) were infected with 207 

hookworms than males (6.6%), though the difference that exists in the rate of infection between the sexes 208 
was insignificant (X

2
=0.9%; P>0.05). The higher prevalence found among the females could be due to the 209 

fact that they are involved more in farming activities in Afikpo South L.G.A in which there is greater soil 210 
contact. Females are also normally involved more in domestic activities such as sweeping of 211 
surroundings and fetching of water in which they walk barefooted, thus probably stepping on areas 212 
contaminated with faecal matter containing hookworm larvae. This is in consonance with the reports of 213 
Ibrahim and Zubairu [22], Chollom et al. [23], Agi and Awi-waadu [37], Ekpenyong and Eyo [25], but 214 
opposes the results of Adewole and Akingbolu [39], Bala and Yakubu [21], Uneke et al. [16], Elom et al. 215 
[4], Njoku [38] who reported higher prevalence among the males than the females. 216 
 217 
A total of 26 children out of 285 school children examined were infected with hookworms, out of which 218 
Igbara primary school accounted for 7(11.9%) which represents the highest rate of infection. This was 219 
followed by Edda central school 9(11%), Itim secondary school 6(7.5%), while Community primary school 220 
having the least infection rate recorded 4(6.3%). The differences observed were not significant (X

2
=1.77; 221 

P>0.05) (Table 3). There was a striking difference in the distribution of the infection among the different 222 
schools sampled. Pupils from Igbara primary school and Edda central school recorded higher infection 223 
rates compared to children from Itim secondary school and community primary school, Ebunwana. This 224 
cannot be unconnected with the sanitary conditions of the school environments and the pupils. Nutritional 225 
status of individuals is a factor to be considered also [24], since the children of these schools sampled do 226 
engage in outdoor activities such as playing on moist soil that may be contaminated with filariform larvae, 227 
helping in the farm, thereby making them to be at risk. It is also common to see a pupil pick mango fruit 228 
from the ground and start eating without washing and all these are common in all the schools studied. 229 
 230 
 A total of 157 adults were examined for hookworms and grouped based on occupation. Out of 82 farmers 231 
examined, 6(7.3%) were infected with hookworms while 2(5.7%) out of 35 Artisans examined were 232 
infected. Civil servants recorded 1(3.6%) out of 28 whereas no trader was infected with the worms. The 233 
influence of occupation as a predisposing factor for hookworm infections is presented in Table 4. Those 234 
that use water closet as toilet recorded 7.9% prevalence of hookworm infections while those that 235 
defaecate in open spaces had 8.3% and those that use pit latrine recorded 6.9% prevalence of the worms 236 
(Table 5). The impact of drinking water source in the epidemiology of hookworm infections is presented in 237 
Table 6. All the inhabitants of the area depend on streams as source of drinking water, thus, responsible 238 
for all the hookworm infections recorded. Water from bore-holes and wells are never used for drinking in 239 
the area. The investigation on the influence of some epidemiological variables on hookworm infection has 240 
confirmed the existence of variable factors associated with the infection. Such include; farming, use of 241 
open defaecation, use of streams as source of drinking water which was essentially higher risks for 242 
hookworm infections. Other variables like artisan, use of water closet and pit latrines were also risk 243 
factors for hookworms whereas civil servants and trading had relatively no effect on the transmission of 244 
hookworms in the area. However, this result is not conclusive because of the multiple factors that 245 
enhance infection with hookworms in the area. This report is in line with the report of Nmorsi et al. [29] 246 
who observed that infection was highest among children who made use of bushes as their place of 247 
defaecation followed by pit latrines and the water closet, but opposes the report of Ugbomike et al. [26] 248 
who observed that drinking of stream water had no effect on the transmission of any of the geohelminth 249 
species in Oba-Ile community of Osun State, Nigeria. The result, he stated may be attributed to the 250 
location of water body with respect to human habitation and the degree of human pollution in and around 251 
the water body. 252 
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Table 3: Distribution of Hookworm Infection among the different Schools Studied in      253 
Afikpo South L. G. A. 254 
 255 

Schools No. Examined No. Infected No. Uninfected Prevalence (%) 

Edda Central School 82 9 73 11 
Community Primary 
School, Ebunwana 

64 4 60 6.3 

Igbara Primary School 59 7 52 11.9 
Itim Secondary School 80 6 74 7.5 
Total 285 26 259 9.2 

 256 
Table 4: Distribution of Hookworm Infections among different Occupational Groups 257 
 258 

Occupational Group No. Examined No. Infected No. Uninfected Prevalence (%) 

Farmers 82 6 76 7.3 
Civil Servants 28 1 27 3.6 
Artisans 35 2 33 5.7 
Traders 12 0 12 0.0 
Total 157 9 148 5.7 

 259 
Table 5: Influence of type of Toilet Facility on the Distribution of Hookworm Infections  260 

in Afikpo South L. G. A. 261 
 262 

Toilet Facility No. Examined No. Infected No. Uninfected Prevalence (%) 

Water Closet 38 3 35 7.9 
Open Defaecation 302 25 277 8.3 
Pit Latrine 102 7 95 6.9 
Total 442 35 407 7.7 

 263 
 264 

Table 6: Distribution of Hookworm Infections in Afikpo South L. G. A. based on the  265 
Source of Drinking Water 266 
 267 

Toilet Facility No. Examined No. Infected No. Uninfected Prevalence (%) 

Stream 35 35 0 100 
Bore-hole 0 0 0 0 
Well 0 0 0 0 
Total 35 35 0 100 

 268 
 269 

 270 

4. CONCLUSION 271 
The findings from this study indicated the existence of hookworms in Afikpo South L.G.A (7.9%). Based 272 
on the epidemiological factors analyzed, drinking water source, the kind of toilet used, occupation and 273 
poor environmental hygiene appear to be the major risk factors for hookworm infections as infection rates 274 
were considerably higher for farmers, those that use stream water and use of open defaecation. In as 275 
much as ignorance of health rules contribute immensely to hookworm transmission, community 276 
mobilization and health education is paramount in enlightening the populace on the causes and health 277 
implications of hookworm infections. Health education is economical and presents no risks and the 278 
benefits do not center only on the control of helminth infections. Indiscriminate faecal deposition should 279 
be discouraged whereas, provision of adequate pipe-borne water and provision of toilet facilities should 280 
be integrated into the control program as this will help in reducing the spread of the infection. There is 281 
also the need for concerted periodic mass deworming to effectively control the disease in the area. For 282 
sustainable mitigation of the infection rate with hookworms in Afikpo South L.G.A, the prevention 283 
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strategies should also be based on economic development of the populace with consequent 284 
improvements on their socio-economic status, since poverty is a key factor on the epidemiology of 285 
hookworms. 286 
 287 
 288 
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