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Abstract 
Objective  
The study was designed to investigate association between anaemia and hookworm infection among patients accessing medicare at a tertiary health facility in Kaduna State, northwest, Nigeria. 
Methodology 
A total of 250 stool and blood samples were collected from various age groups and both sexes. Wet prep and kato-katz qualitative thick smear technique were used for the analysis of faecal samples for hookworm ova while cyanmethaemoglobin method was used for haemoglobin estimation. 
Results 
Sixty-six (26.4%) were infected with hookworm while 26 (39.4%) of those infected were anaemic and 40(60.6%) had hookworm infection without anaemia. Among the anaemic patients, 21 (31.8%) were males, while 5(7.6) were females.    There was a statistically significant difference between the mean haemoglobin of non-infected and infected males (p>0.05), whereas there was no statistically significant difference between those of non-infected and infected females (p>0.05). in males with hookworm infection, the haemoglobin values decreased with increased with increased egg load whereas in females, haemoglobin levels did not show any consistent decrease with increasing egg load. Descriptive and inferential analyses were carried on the data generated with the aid of statistical software SPSS. Association between categorical variables were considered significant at P < 0.05. 

Conclusion and Suggestion
This study shows that there is a direct proportionality between hookworm infection and anaemia, meaning the heavier the infection, greater the anaemia. Put differently, it means, a person with very heavy hookworm infection will have a lower haemoglobin level and invariably have iron deficiency anaemia. It is advisable for relevant policy-makers in the state- particularly government and public health managers- step up efforts to enlighten the public on the need to practice hand and toilet hygiene at all times. Also, it may be helpful to conduct mass-deworming exercise in the state, especially in public and private primary schools.  
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Introduction
Soil-transmitted helminths (STH) are among one of the major public health challenges in the World, especially in developing nation. About 33% of the world have infections caused by soil-transmitted helminths; common worm (Ascaris lumbricoides), Necator americanus, Ancylostoma duodenale (hookworm) and whipworm (Trichuris trichiura). These are mainly found in LMIC (low and middle-income countries) of Africa, Asia and South America. Together, STHs are commonest NTDs (neglected tropical diseases) They parasitise their host after ingestion of infested food/fruits, walking with the bare feet, lack of appropriate hand hygiene. Some (S. guineensis, S. intercalatum, S. mansoni, S. japonicum, and S. mekongi) are water-transmitted and infect their human hosts by penetrating the skin actively when a person comes in contact with water body that is infested with schistosome cercariae.


World Health Organization (WHO) estimates that more than one and a half billion people, (24% of the world's population), are infected with intestinal helminths and another 240 million are infected with schistosomiasis. 
Hookworm infection is one of the commonest soil helminthiases (1-2), and has been estimated to affect more than a quarter of the world’s population and remain one of the principal causes of iron deficiency anaemia and clinical consequences for pregnant women (3-6). It is prevalent throughout the tropic and sub tropics, wherever there is faecal contamination of the environment (1). Over 900 million people are infected worldwide with 685 million people in south east Asia, 132million in Africa and 104 million in central south America (8-9).
The prevalence of STH varies from one from region to the other due to many factors like include age, gender, toilet types, walking barefoot, hand and toilet hygiene etc
Two species of hookworm, Ancylostoma duodenalae and Necators americanus-whose geographic distribution overlaps commonly infect humans. Adult hookworm lives in the duodenum and jejunum, attached to the intestinal mucosa from which they suck blood,
Anaemia is essentially prevalent in the developing countries and is often linked to parasitic infections such STHs and malaria- the major cause of global anaemia. Several studies have shown that the prevalence of anaemia associated with STHs could range from 1.5 to 30% or higher, particularly among school-aged children with heavy hookworm infections.  
It has been estimated that a single Ancylostoma duodenalae worm ingest about 150 ul (0.15ml) of blood per and a Necator americanus worm ingest about 30 ul (0.03ml) per day (7).
The chromic blood loss this causes gradually depletes body iron stores, leading eventually to iron deficiency anaemia which may be widespread and often severe in an infected community. Infected pregnant women are also at risk of becoming anaemic due to their increased need for iron. Children are also equally at risk especially malnourished children.
Hookworm infection can therefore be of major public health importance. It is however, perfectly possible and obviously desirable to reduce hookworm loads in the population, thus keeping the prevalence and severity of hookworm - induced iron deficiency anaemic under control and significantly reducing morbidity and mortality.  

Methodology 

Sample Collection
Samples of stool and blood were collected from all patients that attended the medical microbiology laboratory for stool microscopy. Two hundred and fifty (250) samples from patients referred to medical microbiology laboratory for ‘‘stool microscopy’’ regardless of their age, sex, ethnicity, economic status 
Sample Analysis
Parasitological studies were carried out by examining the stool samples macroscopically and microscopically for appearance and presence hookworm ova respectively. The quantitative hookworm ova counts were determined by using Kato-Katz, thick smear techniques.
Macroscopy 
Each faecal sample was examined for its colour, consistency (formed, semiformed, unformed and fluid), presence of blood or mucus and adult parasite was also noted.
Microscopy 
The samples were examined microscopically for the presence or otherwise of the ova of hookworm, first using x10 and later x40 objectives of the microscope.

Ova Quantification
This was done through the Kato-katz ova quantification method


Haematological Analysis 
The haemoglobin levels of the subjects’ blood samples were determined using cyanmethaemoglobin method after which blood films were made and stained with Leishman stain for the morphological study of the red cells. 



Statistical Analysis
Descriptive and inferential analyses were carried on the data generated with the aid of statistical software SPSS Version 23.0 (Chicago, USA). Association between categorical variables were considered significant when P < 0.05. 

Results
Table 1: AGE AND SEX DISTRIBUTION OF ANAEMIC AND HOOKWORM INFECTED PATIENTS 
	
	              MALE 
	      FEMALE 

	AGE GROUP
(IN YEAR)
	 NUMBER
EXAMINED
	NUMBER POSITIVE 
	NUMBER
ANAEMIC
	NUMBER
EXAMINED
	NUMBER
POSITIVE
	NUMBER 
ANAEMIC

	1-10
11-20
21-30
31-40
41-50
51-60
61-70
	22
36
30
26
18
7
8
	4(18.2%)
9 (25%)
8  (26.7%)
14 (53.8%)
5 (27.8%
2 (28.6%)
1 (12.5%)
	1 (25%)
3 (33%)
4 (50%)
9 (64.3%)
2 (40%)
1 (50%)
1 (100%)
	13
27
24
15
13
6
5
	1 (7.%)
3 (11.1%)
10 (41.7%)
3 (20%)
3 (23%)
2 (33.3%)
1 (20%)
	0 (0%)
0 (0%)
2 (20%)
1 (33.3%)
0 (0%)
1 (50%)
1 (100%)

	Total
	147
	43
	21
	103
	23
	5



TABLE 2
MEAN HAEMOGOLBIN VALUES (In g/ dI) MON INTECTED PATIENYS 
	
	             MALE
	         FEMALE

	AGE  GROUP
(IN YEAR)
	NUMBER
NEGATIVE
	MEAN
HAEMOGLOBIN
	NUMBER
NEGATIVE
	MEAN 
HAEMOGOLBIN 

	    1-10
    11-20
    21-30
    31-40 
     41-50
     51-60
     61-70
	        18
        27
        22
        12
         13
          5
           7
	       13.8 
       12.6
       14.2
       13.6
       11.7
       13.2
       12.4
	      12 
       24
       14
       12
        10
         4
         4
	      11.6
      12.5
      13.0
       11.5
       10.6
       12.0
       11.5


	TOTAL
	      104
	   13.07
	        80
	     11.81



TABLE 3  
MEAN EGG LOAD (EPG) AND HAEMOGLOBIN VALUES (In g/dI) OF HOOKWORM INFECTED PATIENTS
	
	MALE 
	FEMALE

	AGE     GROUP     
(IN YEAR)
	MEAN    EGG
LOAD
	MEAN
HAEMOGLOBIN 
	MEAN        EGG
LOAD
	MEAN
HAEMOGLOBIN 

	       1-10
       11-20
        21-30
        31-40
        41-50
        51-60
        61-70
	    2024
    2709
     2995
     5894
     4020
     3460
     6800
	      13.6
      12.5
      11.9
       9-2 
       10.6
       11.6
       7.8
	      180
       487
       2044
       2347
       1007
        2750
        5840
	       12.8
        12.1
        8.6
        9.5
        12.7
        10.8
         8.0

	MEAN TOTAL
	   3,988
	    11.30
	    2,094
	    10.64




                        
Discussion 
Out of the 250 patients studied, 66 (26.4%) were infected with hookworm and hookworm was the commonest helminth among the subjects. This result is similar to the work carried out by Getachew (0) who reported that hookworm is the most common with an overall prevalence of 10.6& % in Ethiopia. 
The prevalence obtained in this study is roughly 10% less than that gotten by Alli et al (12) in their study of the prevalence of intestinal helminths among pregnant women at the University College Hospital, Ibadan. It’s also way lower than the ones obtained in Ghana, 45% (13); Uganda, 45% (14); Vietnam, 78% (15); India, 78% (16); Northwest Ethiopia, 32% (18) and Southwest Ethiopia, 39% (19%). But it is lower than the findings if prevalence studies in Northern Ethiopia, 21% (17); Oromia, Ethiopia, 14% (20); West Gojjam, Ethiopia, 18.8% (21). 
It also contrasts with prevalence outcomes among pregnant women in East Nepal, 58.9% (10); Kenya, 36.2% (11); India, 51% (22); Southeast Nigeria, 40.4% (23); South Africa, 57.3% (24); Algeria, 40% (25) and Oromia, Ethiopia, 38.6% (26) 
The wide differences in prevalence across the various countries and even regions of same countries could be attributed to lots of factors: geographical conditions, insanitary disposal of faces, the use of human faeces as fertilizers etc
Twenty-six (39.4%) of those infected were anaemic, while 40 (60.6%) had hookworm infection without anaemic. (Table1). Of the anaemic patients 21 (31.8%) were males while 5 (7.6) were female. The blood picture of non-anaemic hookworm infected patients showed normocytic and normochromic while those with hookworm anaemic showed hypochromic and microcytic red cell picture. In their own study, James et al found that hookworm infection caused iron-deficiency anaemia in infected subjects (27).
 The mean haemoglobin levels of non-infected compared with infected patients (Table 2) revealed a significant difference among males (p < 0.05). This however contrasts with female patients, where there is no significant difference (p> 0.05). This observation is similar to the work carried out by Idris et al (1993) who reported that the level of haemoglobin in uninfected children and adults and heavily infected children were similar (8.6 -15.5gldl).

The relationship between mean egg loads and the haemoglobin values for male and female patients was also studied (Table 3). It shows that the mean egg load is directly proportional to age and inversely proportional to haemoglobin values in males.
In females however, the mean haemoglobin values do not show any consistent decrease with increase egg load. Smith and Brooker in their own study reported inverse proportionality between hookworm egg load and level of haemoglobin (28) 
 The variations in the prevalence of infection and anaemic within sex and age group could be attributed to the agricultural occupation and defecation habits of the community because majority of the adults populace that are mostly affected are peasant farmers (29). The use of untreated human faeces together with refuse dump as a soil fertilizer also contributed as chief sources of human infected. Some of the subjects –mostly farmers- avoided coming to hospitals during farming season, thus increasing worsening their levels and state of infection (30)
Conclusion 
Hookworm infection is acquired mainly by human skin contact with contaminated soil or vegetation. This usually occurs as result of unhygienic unsanitary defecation and faecal disposal practices. Hookworm disease is the major cause of iron deficiency anaemia and it aggravated by various factors such as as body iron stores, dietary iron, hookworm specie, hookworm load and duration of infection. 
Practices like open defecation, use of untreated human faeces as fertiliser should be outlawed by relevant policy-makers. Governments at all levels- national and subnational- should provide public toilets in public places, like markets, schools, hospitals, etc. All house-owners should also be compelled to provide toilet facilities for their houses
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