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Introduction

Hookworms are nematodes belonging to the family 

Ancylostomatidae, super-family Strongyloides. Human 

hookworm infection is a soil-transmitted infection 

caused by Necator americanus and Ancylostoma 

duodenale. It is the leading cause of anaemia and 

protein malnutrition, afflicting an estimated 740 million 

people in the developing nations of the tropics 

(Cheesebrough, 2005; CDC, 2013).

Hookworm infection is spread by faecal contamination 

of the soil; infection occurs when infective third-stage 

filariform larvae (L ) penetrate the hands, feet, arms or 3

legs, especially when a person walks bare-footed 

(Paniker and Jayaram, 2007). While farmers are the 

most vulnerable group to acquire this infection, signs of 

advanced severe infection include anaemia and 

protein deficiency, including emaciation, cardiac failure 

and abdominal distension (Ayoya et al., 2006; 

Drisdelle, 2006). The infection has been noted to be 

more common in families who are involved in 

agricultural pursuits (Damen et al., 2007). The resultant 

effect of hookworm infection includes severe anaemia 

leading to high morbidity and mortality and 

consequently causing low productivity and food 

insecurity in Nigeria.

Results and Discussion

Out of the 1,200 stool samples examined, the overall 

prevalence of hookworm was 18.7% (224/1200). In 

respect to LGA, The highest prevalence of Hookworm 

This study aimed at determining the prevalence of hookworm infection among peasant farmers in selected Local Government 

Areas (LGAs) of Kaduna State, Nigeria. A cross-sectional, descriptive study was carried out between November 2014 and 

October 2015. One thousand two hundred eligible peasant farmers were enrolled in the study. One LGA was selected from each 

of the three Senatorial Zones of Kaduna State by simple random sampling method. Samples were analysed for the presence of 

hookworm ova using direct wet mount and formal-ether concentration technique as well as determine the haemoglobin profile 

and characterize the hookworm species. The haemoglobin profile of the peasant farmers in relation to hookworm infection was 

determined using Mission Haemoglometer Stirps Test Kits. The stool samples that were highly positive microscopically for 

hookworm ova were selected for molecular analysis, 5 from each LGA, making a total of 15 samples. The stool samples were 

subjected to DNA extraction, DNA concentration/Purity estimation, PCR, Agarose gel electrophoresis, Sequencing, BLAST and 

Phylogenetic analysis of the isolates were carried out. The results obtained showed the overall prevalence of hookworm 

infection in the study population to be 18.7%. In respect to LGA, the prevalence of hookworm infection was 24.0% in Jema'a, 

17.3% in Chikun and 14.8% in Zaria LGA.  The prevalence of hookworm infection was found to be significantly associated in the 

studied LGAs (P< 0.002). The distribution of hookworm infection in relation to Haemoglobin (Hb) level revealed that, the farmers 

with the Hb/PCV level of 6-10/18-30% had the highest prevalence of 43.0% (128/298) while farmers with Hb/PCV of 16-20/48-

60% had the lowest prevalence of 3.7% (1/27) and a statistically significant difference of P=0.000. The electrophoresis of 15 

amplicons obtained from 15 positive stool samples from the three selected LGAs showed a corresponding base pair band of 

310bp which corresponds with the base pair of the N. americanus positive control. The sequencing and basic local alignment 

search tool (BLAST) revealed that Sequence of Sample No. 5 from Zaria LGA had 95% identity with that of N. americanus, 

sequence of Sample No. 10 from Chikun LGA had 99% identity with that of N. americanus and finally sequence of Sample No.15 

from Jema'a LGA also gave a similar correlation of 97% as that of N. americanus. The result of the species-specific identification 

of the two human hookworm species (i.e. N. americanus and A. duodenale) obtained shows that N. americanus was 

predominant in the study area (Kaduna State, Nigeria) during the study. The results of this study indicated an overall prevalence 

rate of hookworm infection of 18.7% among peasant farmers in Kaduna State. This indicates a potential risk of severe anaemia 

among individuals particularly the vulnerable groups such as pregnant women and children of school age who participate in 

farming. In conclusion, this study revealed the transmission of human hookworm among peasant farmers in Kaduna State to be 

at an alarming rate. Thus, major prevention and control measures should be adopted to avoid further spread of the infection; and 

more so, there is a need for prompt treatment of the infected persons as well as creating a law that will prohibit indiscriminate 

defeacation on farmlands.
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infection was in Jema'a LGA of the Southern Senatorial 

Zone 96 (24.0%), followed by Chikun LGA of the 

Central Senatorial Zone 69 (17.3%) and Zaria LGA of 

Northern Senatorial Zone had the least 59 (14.8%) with 

a statistical significant difference (P=0.002) (Table1). 

The differences may be due to the topography of the 

location, the climatic condition, type of soil and the 

tradition as well as the agricultural cultural practices of 

the people and their environmental sanitary attributes. 

It was also noted that farmers in Zaria LGA have the 

privileged of using pipe-borne water and boreholes as 

their source of drinking water while most of the farmers 

in Jema'a and Chikun uses mostly water from the rivers 

and wells which are more exposed to all kinds of 

pollution or faecal contamination. They also had a 

lower number of toilet facilities and many of them 

undergo backyard farming barefooted (Brooker et al, 

2004; Thomas, 2009). Hence, these could be the 

reasons for their differences in prevalence rate.

The prevalence of hookworm infection among farmers 

in relation to their Haemoglobin (Hb) profiles were also 

obtained. Those having Hb level 6- 10g/dl (pcv18- 

30%) had the highest prevalence of 43.0%, while those 

with Hb 16-20g/dl (PCV 48-60%) had the least 

prevalence of 3.7% with a statistically significant 

difference of P=0.000 (Table 2). The results obtained 

from this study revealed that majority of the farmers did 

not have their haemoglobin level fallen within the 

expected normal values as previously reported by 

Hoffbrand et al., (2011) who stated the normal adult red 

cell values as 11.5 to 17.5g/dl (36 to 52%). The result of 

this study revealed that hookworm infection has a 

serious effect on the haemoglobin level of the farmers 

infected, which can lead to severe anaemia. This is also 

attributed to the fact that Hookworm has the ability to 

suck a large quantity of blood meal from their host per 

day.  for example WHO, 1991 estimated blood loss in 

the hookworm-infected individual as 0.20 mL per worm 

per day (range 0.14 – 0.26 mL) for A. duodenale and 

0.04ml per worm per day (range 0.02 – 0.07 mL) for N. 

americanus.

It was observed that the concentration and purity of the 

human hookworm DNA extracted from the positive 

stool samples selected were pure except for the few 

samples that suggested the presence of little impurities 

such as samples number 8 and 13 that had a purity of 

2.02 and 2.01 respectively (Table 3) as recognized by  

(Clark and Kimberley, 2001). This could be due to the 

fact that highly positive stool samples were selected 

from each LGA and there was no contamination of 

proteins or other concomitant impurities.

The electrophoresis of 15 amplicons to detect the 

target gene (Cytochrome oxidase 1 gene) revealed a 

corresponding base pair band of 310bp which 

corresponds with the base pair of the N. americanus 

positive control in all the three LGAs (Figure 1). The 

resultant sequences obtained from the three 

representative amplicons of positive samples after the 

Basic Local Alignment Search Tool (BLAST) showed 

identity similarity of N. americanus as obtained from 

Togo by Hu et al., (2003) with 99%, 97% and 95%  

identity in Jema'a LGA, Chikun LGA and Zaria LGA 

respectively ( Table 4).

The species-specific identification of the two human 

hookworm species (i.e. N. americanus and A. 

duodenale) obtained in this study revealed that N. 

americanus is predominant in the study area (Kaduna 

State Nigeria). However, we strongly believe that there 

could be the presence of a mixed infection of A. 

duodenale missed out during the selection of samples 

for molecular study. In addition, the migration of people 

from Europe and other endemic areas of N. 

americanus during Slave trade, Missionary era and 

even up till today to Sahara and Sub- Saharan Africa 

could have contributed to the transmission of the N. 

americanus to Kaduna State, Nigeria and other West 

African countries such as Togo. Furthermore, 

considering the fact that climatic condition plays a vital 

role in the growth, replication, and transmission of 

hookworm and that N. americanus is a worldwide 

parasite which strives better in the warm region of 

China, Sahara, and Sub- Saharan Africa, it is possible 

that after being transferred to these regions became 

highly proliferative due to conducive environmental 

factors suitable for them, hence dominate the presence 

of  A. duodenale.

The Phylogenetic analysis generated, gave a 

cladogram (Figure 3), this revealed that the N. 

americanus obtained from the study area are all from 

Chock et al:  Molecular Characterization of Hookworm Detected Among Peasant Farmers
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the same genetic origin, even though that of Jema'a 

LGA and Chikun LGA tends to be more closely related 

than that of Zaria LGA. There is also a close genetic 

relationship between the isolates (N. americanus) from 

this study area (Kaduna, Nigeria) and those of Togo 

and China. It is also obvious that there is a close genetic 

relationship between the hookworm isolates (N. 

americanus) from Nigeria and that of Togo, this could 

be due to the fact that Nigeria has a closed border with 

Togo hence easy migration by infected individuals from 

Togo to Nigeria and verse versa, on the other hand, the 

close genetic relationship between the hookworm 

isolates (N. americanus) from Nigeria and that of China 

could also be due to movement or migration of Chinese 

engineers who came to Nigeria and constructed 

railway lines particularly in the study area (Kaduna 

State). 

The result of this work agrees with the work of many 

researchers who observed that N. americanus is 

endemic in many Tropical and Subtropical regions of 

the world, including parts of Africa, India, China, South-

east Asia, the South-west Pacific Islands, South and 

Central America, the Caribbean Island and Southern 

USA. Liu et al., 1999; Behnke et al., 2000; Gandhi et al., 

2001). 

Local Govt.
Area

Table 1: Prevalence of Hookworm Infection in Three Local Government Areas of Kaduna State 
              (Using Stool Microscopy).

Jama’a

Chikun

Zaria

Total

Number
Examined

Number
Positive (%) P-Value

400

400

400

1,200

96 (24.0)

69 (17.3)

59 (14.8)

224 (18.7)

0.002

Chock et al:  Molecular Characterization of Hookworm Detected Among Peasant Farmers

Haemglobin level   
 g/dl /PCV (%)  

Table2: Prevalence of Hookworm Infection among Peasant Farmers in Relation Haemoglobin Level g/dl, 
             Pack Cell Volume (PCV%) in Kaduna State, Nigeria.

0-5 (0-15)

6-10(18-30)

11-15(33-45)

16-20(48-60)

Number
Examined

Number
Positive (%) P-Value

4

298

87`

27

1(25.0)

128(43.0)

94(10.8)

1(3.7)

0.000

Normal Adult red cell value: Haemoglobin is 11.5 - 17.5g/dl and PCV is 36 – 52% (Hoffbrand et al., 2011).
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Sample

No.

Table 3: Concentration and Purity of DNA Extracted from Human Hookworm

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Absorbance at 260 

nm (A )260

Absorbance at 

280 nm (A )280

Concentration of DNA 
Extract (µg/ml)

1.250

1.150

0.945

1.055

1.048

0.975

0.965

0.990

1.023

0.875

1.003

0.875

1.325

1.295

1.003

0.640

0.620

0.502

0.555

0.580

0.543

0.488

0.450

0.568

0.485

0.530

0.485

0.660

0.648

0.510

A / A  Ratio 260 280

(Purity of DNA)

1.95

1.85

1.88

1.90

1.81

1.80

1.98

2.02

1.80

1.80

1.90

1.80

2.01

2.00

1.96

62.50

57.50

47.25

52.75

52.40

48.75

48.25

49.50

51.15

43.75

50.15

43.75

66.25

64.75

50.15

Figure 1:  PCR gel Photo of Amplicons of Hookworm isolated from stool samples of peasant Farmers showing the BP of  Cytochrome Oxidase 1 

Gene (CO1 Gene). BP – Base pair,  Adpc – Ancylostoma duodenale Positive control, Napc – Necator americanus positive control, NC – Negative 
control, S - Sample. 
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Table 4:Result of Nucleotide Sequences submitted to NCBI Gene Bank (submission ID:  2109788).

Sample
No.

5

10

15

LGA Access
No

Max
Score

Total
Score

Query cover
(%)

E-
Value

%
Identity

Description of
organism

Country

Zaria

Chikun

Jema’a

M H 311535

M H 311533

M H 311534

839

835

676

839

835

676

100

99

100

0.0

0.0

0.0 95

99

97

N. americanus

N. americanus

N. americanus

Nigeria

Nigeria

Nigeria

Chock et al:  Molecular Characterization of Hookworm Detected Among Peasant Farmers

Figure 2: Multiple sequence alignment of hookworm isolates from peasant farmers. 
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AJ556115.1 Necator americanus mitochondrial strain Togo isolate Na5

 

AJ556120.1 Necator americanus mitochondrial strain Togo isolate T6

 

AJ556123.1 Necator americanus mitochondrial strain Togo isolate TN1

 

AJ556116.1 Necator americanus mitochondrial strain Togo isolate T1

 

AJ556111.1 Necator americanusmitochondrial  strain Togo isolate

 

AJ556122.1 Necator americanus mitochondrial strain Togo isolate T18

 

AJ556118.1 Necator americanus mitochondrial strain Togo isolate T4

 

AJ556112.1 Necator americanus mitochondrial strain Togo isolate Na2

 

AJ556113.1 Necator americanus mitochondrial strain Togo isolate Na3

 

AJ556117.1 Necator americanus Togo isolate T2

 

AJ556121.1 Necator americanus Togo isolate T16

 

AJ556114.1 Necator americanus Togo Na4 isolate

 

MH311534 Necator americanus ZLGA Nigeria 

 

AJ556134.1 Necator americanus

 

Togo

 

MH311533 Necator americanusJLGA  Nigeria

MH311535 Necator americanus CLGA Nigeria

 

AF303152.1 Necator americanusYunan

 

AF303152.1 Necator americanus Yunnan 

 

AF303140.1 Necator americanus Sichuan 

 

AF303156.1 Necator americanus Yunnan 

 

AF303157.1 Necator americanus Yunnan 59

44

 

16

44

23

22

29

100

58

8

4

4

9

6

0.20

Figure 3: Phylogenetic Tree of The Hookworm Isolates Obtained from Peasant Farmers. 
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