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Abstract
Hookworm infections are one of the classified NTDs that burden many areas of the world. In order to ensure that the most effec-

tive measures are being taken to address the hookworm epidemic in SSA, the control programs must be re-evaluated. In particular, 
countries where programs are yielding the best results (in term so flowering the incidence of infections and reinfections) should be 
evaluated to determine the components of their program that standout and can be beneficial in other areas where programs have 
shown some lapses. The goal of this program evaluation is to recommend amendments to programs in countries with the greatest 
burden of disease, such as Kenya, in order to facilitate a reduction and possible elimination of new cases and re infections of hook-
worm in the most vulnerable populations. These amendments may prove to be useful in other countries where programs are lacking 
essential components for successful outcomes and also in reducing the burden in the general population. In order to accomplish this 
goal, the extent the burden of hookworm infection in SSA, this burden’s impact on the health of them to vulnerable populations, and 
recommended strategies to control and prevent future hookworm infections must first be determined. From there, country specific 
control programs in Kenya will be evaluated by comparing it to recommendations made by WHO and to a successful program in 
Bangladesh. The integrated results also provide some information into the management to improve the quality of these programs.
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Introduction

Neglected Tropical Diseases (NTDs) are a group of diseases that affect many people, especially those of lower socioeconomic status [1]. 
These diseases do not account for high mortality rates but their morbidity rates far outweigh any other disease in the world [2]. Strate-
gies to address many of these conditions are therefore mainly based around morbidity control through treatment rather than prevention. 
Hookworm infections are one of the classified NTDs that burden many areas of the world. It also holds the record as the leading cause of 
chronic anemia [3], with the highest incidence seen in Sub-Saharan Africa (SSA) [1]. This infection is complicated by coinfections with 
other diseases that plague this region of the world. The coinfection of hookworm and malaria has led to high morbidity rates especially 
among the most vulnerable populations: women of child-bearing ages and school-aged children [4]. These infections contribute to the 
substantially high rate of anemia in this cluster of individuals due to their higher need for hemoglobin production [5] combined with in-
creased hemoglobin loss (seen in hookworm infection) or destruction of red blood cells (seen in malaria). Furthermore, these infections 
lead to many other health disparities in children born to infected mothers such as low birth weights and preterm deliveries [6]. The addi-
tive effects of these factors may be the reason for these countries decreased livelihood and productivity [2] and therefore, re-evaluation of 
treatment programs should be considered to ensure that these burdens are being appropriately managed.
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Programs that are currently in progress allocate many of its resources into treatment of Hookworm infection through Mass Drug 
Administration (MDA) with anthelminthic medications that are donated by two major drug companies: Glaxo Smith Kline and Johnson 
and Johnson [7]. Although MDA may seem like a good idea to help alleviate the morbidity of these diseases some studies have shown 
that the treatment with anthelminthic drugs do not significantly increase hemoglobin levels or decrease the prevalence of anemia during 
pregnancy [8]. Other prevention measures are focused on educating the people of SSA on proper sanitation to eliminate person to person 
transmission and reinfections [9]. Although the appropriate measures are theoretically being implemented there is still a major burden 
of severe anemia among pregnant women due to many cases of reinfections and new infections [10]. These problems place an economi-
cal strain on the resources and thus make the efforts towards hookworm eradication near impossible. Additionally, recent studies have 
shown possible uprising of drug resistance in hookworm infections which could indicate a greater problem that will need to be addressed 
in the near future [3]. In order to ensure that the most effective measures are being taken to address the hookworm epidemic in SSA, the 
control programs must be re-evaluated. In particular, countries where programs are yielding the best results (in terms of lowering the 
incidence of infections and reinfections) should be evaluated to determine the components of their program that stand out and can be 
beneficial in other areas where programs have shown some lapses. The goal of this program evaluation is to recommend amendments to 
programs in countries with the greatest burden of disease, such as Kenya, in order to facilitate a reduction and possible elimination of new 
cases and reinfections of hookworm in the most vulnerable populations. These amendments may prove to be useful in other countries 
where programs are lacking essential components for successful outcomes and also in reducing the burden in the general population. 
In order to accomplish this goal, the extent of the burden of hookworm infection in SSA, this burden’s impact on the health of the most 
vulnerable populations, and recommended strategies to control and prevent future hookworm infections must first be determined. From 
there, country specific control programs in Kenya will be evaluated by comparing it to recommendations made by WHO and to a success-
ful program in Bangladesh. Then recommendations will be made to improve the quality of these programs.

Materials and Methods 

Research articles were taken from Google, Google Scholar, PubMed and Medline Plus using key words (Hookworm infection, anemia, 
pregnancy outcomes, Sub Saharan Africa, soil transmitted helminths, Neglected tropical diseases, Western African Centre for Interna-
tional Parasite Control, Eastern and Southern African Centre of International Parasite Control (ESACIPAC), Global Parasite Control Initia-
tive (GPCI), Centre for neglected tropical diseases, sanitation in Sub-Saharan Africa, the WASH program, Bangladesh STH control program, 
and Save the children Bangladesh). Research articles included were published between 2004 and 2014 and available in full text versions. 
Current Policies on programs in effect in specific countries (i.e. Kenya and Bangladesh) were taken from the World Health Organization, 
USAIDS, government sources or specific funding organizations (i.e. the End Fund and Save the Children USA) [11,12].

The WHOs recommended control program guidelines from 2006 [13] and updated recommendations from 2012 [14] were used as the 
gold standard to compare the compliance of programs in Kenya and Bangladesh and to make recommendations for improvement.

Results and Discussion

The extent of the burden of hookworm infection in SSA and the impact of hookworm infection on the most vulnerable populations 
Hookworm infection in SSA affects more than 198 million people, more than any other NTD [1]. The leading cause of iron-deficiency ane-
mia in pregnant women of SSA can be attributed to hookworm infections [1]. The burden of anemia during pregnancy has been proven to 
be associated with many poor outcomes such as low birth weights, pre-mature labor and a higher maternal mortality rate [8]. The sever-
ity of the anemia can be further exacerbated by the co-infection of Malaria with Hookworm infection. Oddly enough, some studies have 
shown that infection with Hookworms can increase the individual’s risk of malaria infection and this is seen in the geographical overlap 
of both diseases [4]. The burden of hookworm infection in SSA is not equally distributed. Higher prevalence is seen along the coastal re-
gions and areas of extremely high temperatures, with the greatest number of cases in Nigeria and Congo [1]. School-aged children in SSA 
are the demographic that are disproportionately affected by STHs with nearly half being affected in 2009. These infections lead to many 
disadvantages for this population such as mental and physical deficits and greatly affect school attendance and performance [1].



Citation: Bin Zhao., et al. “Biostatistical Analysis on Hookworm Infection in Humans”. EC Veterinary Science 4.4 (2019): 281-289.

Biostatistical Analysis on Hookworm Infection in Humans

283

Recommended strategies to control and prevent future hookworm infections World Health Organization 2006. The WHO developed a 
manual for health professionals and program managers in 2006 called “Preventive Chemotherapy in Human Helminthiasis: Coordinated 
use of anthelminthic drugs in control intervention”. This manual was issued to help countries achieve the 2010 goal set by WHO of regular 
administration of preventative chemotherapy to at least 75% and up to 100% of school-aged children at risk of soil transmitted helminths 
(Hookworm, Whipworm (Trichuris), and Roundworm (Ascariasis)) and schistosomiasis [13]. The manual outlines two steps for control 
programs: “Rapid assessment” of the prevalence of these infections and “Decision charts” for recommended treatment options. Step 1 
(Rapid Assessment) focused on conducting an epidemiological survey to map the distribution of STHs. This was suggested to be carried 
out by dividing up areas where STHs were expected to be and collecting stool samples from 50 children in at least 5 - 10 schools in each 
area. Step 2 (Decision charts) involved taking the data from step 1 and developing a plan for MDA for each area depending on estimated 
prevalence of the infections. “Low risk communities” were determined to have a prevalence less than 50% but greater than 20% of the 
school-age children being infected and “High risk communities” were determined to have a prevalence more than 50%. Low risk com-
munities were recommended to receive MDA one time a year and two times a year for high risk communities. Treatment (with either 
albendazole or mebendazole) was directed to all pre-school children, school-age children, women of child-bearing ages, pregnant women 
in their second and third trimester, and adults in high risk occupations (i.e. tea pickers and miners). According to WHO, the aim of the 
program was “morbidity control” with the idea that “periodic treatment of at risk populations [would] reduce the intensity of infected 
individuals from morbidity due to soil-transmitted helminths” [13].

World Health Organization 2012

An analysis of data collected from SSA control programs in 2009 (only about 31.1% of the 883 million people targeted received treat-
ment) suggested that the 2010 goal of 75% treatment coverage was not going to be met [14]. In the WHO new 2012 manual, “Accelerating 
Work to Overcome the Global Impact of Neglected Tropical Diseases”, it was hypothesized that the reason for these short comings was 
either due to in accurate reporting of actual drug administration or an insufficient quantity of drugs available. The issue regarding the lack 
of drug supply was addressed in 2012 by the pharmaceutical industry and other organizations (i.e. USAID, UK department for Interna-
tional Development, etc.) with the initiation of drug donations and this subsequently allowed some countries to reach the 75% treatment 
coverage goal after 2010 [14]. A new goal to be achieved by 2020 was created by the WHO in 2012: 

•	 75% of preschool aged and school aged children in need of treatment are to be treated. 

•	 75% coverage with preventive chemotherapy will be achieved in preschool and school aged children in 100% of countries. 

In order to achieve these goals for STH control, large scale MDA was the main intervention recommended by WHO. According to the 
report, “preventive chemotherapy interventions, if sustained with high coverage for 5 - 8 years, will decrease morbidity and halt its recur-
rence from five targeted NTDs”; STH being one of the five NTDs. The WHO also mentioned the clause that if sanitation conditions in SSA 
did not improve then NTD would not be eradicated [14]. According to the WHO, the most successful NTD control programs were those 
where there was national awareness of the burden of these diseases, incorporation of a control program into the national healthcare plan, 
adequate financial support, and collaborations between various stakeholders (i.e. ministries, communities, non-governmental organiza-
tions, and international partners, etc) [14]. This may be the reason why additional interventions were suggested in 2012 that involved 
collaborations between many sectors of public health in order to achieve these goals. These additional recommendations included vector 
and intermediate host control, veterinary public health involvement, implementation of health awareness and education, and capacity 
building [14]. Although most, if not all, of the recommended control program interventions were developed to address morbidity control, 
the WHO also mentioned that “significant” prevention and control of NTDs could be achieved with the development and access of a vac-
cination [14].

Discussion 

Comparing the WHO recommendations to current programs in Kenya Mass drug administration.

According to the World Health Organization’s 2012 report on how to control NTDs the main intervention recommended was mass 
drug administration [14]. This intervention also seems to be the main intervention being carried out in Kenya with a relatively small focus 
on education. The WHO stated that 16.7 million Kenyan children from ages 1 - 15 years old were at risk of STH in 2012 [15]. Of the over 16 
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million at risk about 28% received STH treatment [16]. Through the addition of more funding and donations that sprouted after realiza-
tion that the 2010 WHO goals were not met, the treatment coverage of at risk individuals for STHs greatly increased [17].

Community capacity 

According to the WHO, the most successful NTD control programs are those where there is national awareness of the burden of the 
diseases, incorporation of a control program into the national healthcare plan, adequate financial support, and collaborations between 
various stakeholders (i.e. ministries, communities, non-governmental organizations, and international partners, etc.) [12]. These com-
ponents were addressed in Africa at the Sixth Conference of African Union Ministries of Health in April 2012 when many African leaders 
recognized the need to support strong NTD control and elimination programs [17].

Comparing WHO guidelines to a successful STH program in Bangladesh mass drug administration 

MDA with albendazole was one of the key components in the Bangladesh program that was implemented towards STH and other intes-
tinal worm control. In addition to MDA with albendazole, iron and vitamin A mass administration was also carried out in the school sys-
tems. Organization and planning of these events was conducted at the National level with the cooperation between the Ministry of Health 
and the Ministry of Education as well as by an outside planning organization (Save the Children Organization which is also the implement-
ing organization) for review. A “Detail Implementation Plan” was required by each program manager to track the programs progress and 
to ensure that the program was following a timeline. Monthly orientation for school teachers on how to efficiently administer the media-
tions were implemented to “ensure maximum participation from teachers and to mobilize the community and parents to maximize school 
attendance on National Deworming Days” [18]. Although many avenues were used disseminate information on these National Deworming 
Days, school attendance may have still received suboptimal turnouts due to many factors such as child illnesses, environmental factors (i.e. 
flooding), or the need of the children to work in their family’s field [19].

Community capacity building

Community capacity building contributed to a major component of the program. Starting at the school level, student brigades (now 
called “little Doctors”), consisting of students from grades 4 and 5, were formed each school year. Each of these brigades were designated 
with specific tasks in the community and in the school that were developed by each program manager before the school year started. Some 
of these tasks included assisting in hygiene and sanitation maintenance in the school and community, educating the community and school 
on proper sanitation and hygienic practices, assisting with the national deworming day, and conducting community surveys and aware-
ness [18]. At the community level, in addition to community education and surveying tasks performed by the student brigades, each com-
munity held a “community courtyard session” and a “mother’s gathering” multiple times a year to address the concerns in the community 
and to further educate the community on the necessity of sanitation, hygiene, and their participation in the National Deworming Days at 
school. National deworming Days that took place at the schools were also broadcasted with the assistance of mosques, newspapers and 
other publication outlets to maximize school attendance on these days in order to successfully treat the most children possible [18].

Comparing the Kenya and Bangladesh programs 

Mass drug administration

Both the Kenya and Bangladesh programs administered an anthelminthic drug (either albendazole or mebendazole) once or twice a 
year, depending on the severity of the infections and prevalence of worms. Both programs also offered training to individuals who are 
administering the medications (mainly school teachers). Both programs also received the medications as donations from either the phar-
maceutical companies directly or indirectly through funds donated by other organizations (i.e. USAIDS, etc).
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Community capacity building

The idea of a community based intervention seems to be common in both the Kenya and the Bangladesh Programs. This is especially 
true when it comes to urging parents to allow their children to participate in the national deworming programs by sending their child to 
school. Also, community education on sanitation and hygiene is another commonality that was seen in both programs. On the contrary, ef-
forts aimed towards community involvement and building community capacity seemed greater in Bangladesh where more activities were 
aimed at getting the community involved (i.e. student brigades, mother gatherings, and community courtyard sessions). Other recom-
mended program components by WHO 2012 according to the WHO 2012 guidelines, other components of the treatment programs should 
have been considered such as vector and intermediate host control, and veterinary public health involvement. Vector control programs 
and veterinary public health involvement would not be of any significant use in controlling STH which are mainly due to ingestion of food 
and water that are contaminated with egg infested feces or through direct inoculation of hookworms in infested soils. Intermediate host 
control can be achieved by increasing sanitation and hygiene measures to avoid contact with infected fecal matter through proper hand 
washing, avoiding open defecation, increasing the use of shoes outdoors, and maintaining cleanliness of latrines [16]. The implementa-
tion of these interventions were seen in both of these control programs and are a major part of the initiatives recommended by the WASH 
program for STH control [16]. Vitamin A and Iron mass distributions in Bangladesh proved to be a successful component of their pro-
gram. A similar intervention was seen in Kenya through marketing and sale of a vitamin and mineral supplementation named Sprinkles 
Micronutrient powder which was to be used with daily food intake. This program was also successful in reducing iron deficiency anemia 
and vitamin A deficiency and increasing the recovery rate of anemia in children in Kenya [20]. This intervention, although proven to be 
successful and sustainable in research studies, was not sustainable in practice since marketing efforts decreased and anemia rates went 
back up [21].

Effectiveness comparison

The effectiveness of national STH control programs for both Bangladesh and Kenya can be standardized and compared by viewing 
anemia rates in pregnant women and by comparing the percent of the population with improved sanitation facilities from data obtained 
by the World.

Figure 1: Comparing Bangladesh and Kenya.
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Based on the data we see that there is a greater decrease in anemia rates among pregnant women in Kenya compared to a gradual 
decrease in anemia rates seen in Bangladesh. Overall the Kenya rates are lower but this may be due to higher rates of prenatal care seen 
in Kenya. Data taken from the World Bank states that in 2009 92% of women in Kenya received prenatal care as opposed to 53% and 
55% in 2010 and 2011, respectively, in Bangladesh (data for 2009 in Bangladesh was not available) [22,23]. Overall, it is apparent that 
Bangladesh spends less per capita on healthcare, has higher anemia rates among pregnant women with a significantly lower percentage 
of women receiving prenatal care, and has a greater percent of its population with access to improved sanitation facilities.

Funding comparison

According to WHO the estimated cost for MDA interventions in schools average US$ 0.06 (including cost of the drug and distribution). 
Most drugs are donated by GSK or J and J [12]. According to the WHO 2012 report, GSK donates up to 400 million doses or albendazole per 
year and J and J donates 200 million tablets of mebendazole per year for STH. The Bangladesh program received funding and donations 
primarily from GSK and private donations from Save the Children USA which assisted with financial costs of the program. The average 
annual cost of deworming, vitamin A and Iron supplementation per child was 30 Taka (~ US$ 0.39). This covered Vitamin A supplementa-
tion and deworming twice per year and sixteen weeks of iron supplements (two times per week) per child [18].

Sustainability

Both programs have national support for program planning and implementation, have adequate funding provided by multiple donors 
and both encourage community involvement and education. The biggest issue for STH control is reinfection rates which can be controlled 
with improved sanitation, hygiene, and education. As seen in Bangladesh, once these elements are addressed the community can upkeep 
the program interventions to improve infection rates. This is more difficult for Kenyan communities where sanitation levels are not as 
advanced as seen Bangladesh with the installation of a large quantity of latrines. Current programs in place like Sanergy, funded by US-
AIDS in2011 to increase the number of latrines in Kenya, may contribute significantly to gaining control over infection and reinfections 
with STHs [24].

Conclusions 

Mass drug administration is at the forefront of neglected tropical disease control, especially against STH. Though this may seem like 
the only way to overcome the burden of STHs it must not be forgotten that emphasis on other sectors such as education, sanitation and 
access to safe water are also key components that can prevent reinfection of STH [25]. The 2012 London declaration actually calls for 
greater integration between the WASH program, which addresses each of these key sectors and NTD programs [17]. The WASH program 
pinpointed specialized interventions to help control STHs which included increasing access to sufficient amounts of safe water (for hy-
gienic, environmental, drinking, food preparation, and sanitation purposes), decreasing the occurrence of open defecation, disposing of 
infant and child feces properly, increasing improved sanitation coverage, promoting maintenance and cleaning of latrines, improving 
hand washing practices (before meals, after work, and after defecation), and increasing the usage of shoes outdoors [16]. All of these 
components were clearly implemented in the Bangladesh program. The implementation of the ISWMS in Kenya can begin to address 
some issues of sanitation regarding proper waste disposal but many other factors still need to bead dresses. Suggestions have been made 
that there needs to be “a shift from morbidity control to transmission control through targeted health education, waste management 
and sanitation” [8]. The 2012 WHO Road Map for Implementation stated that “the development of and access to vaccines would make a 
significant contribution to prevention and control” [12]. A vaccination against hookworm infections is currently in clinical trials and may 
prove to be the first step towards “transmission control” and eradication of this particular NTD if implemented in a revised treatment 
program [5]. Once this becomes available for mass distribution many of the current MDA programs can be used to distribute the vaccina-
tion. One potential downfall to this idea would be funding of the vaccination. This parameter cannot be addresses until a known cost for 
the vaccine is available. The possible benefits of a vaccine would be prevention of reinfection from Hookworm disease which could lead to 
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its overall eradication. This intervention would have the largest impact on the most at risk individuals: women of child-bearing ages and 
school-age children and eventually may lead to better maternal and infant mortality outcomes and improve school absenteeism. Theoreti-
cally, implementation of similar interventions as seen in Bangladesh into a Kenya control program and in other SSA countries should yield 
similar results. Yet other factors still stand in the way of implementing such programs such as proper drug management for storage and 
distribution to prevent MDA delays, coordinated mapping for efficient intervention targeting, adequate local monitoring and evaluation 
capabilities and other downfalls. Ameliorating these issues, especially adequate drug management capacities, will be essential if the 2020 
target for 75% coverage of all at risk individuals in 100% of the affected countries is to be met [17,26-30].

Specific Recommendations 

Improvements on community capacity through collaborations between students, parents and teachers, education on STH prevention 
and control, and improved access to clean water for sanitation and hygiene in conjunction with appropriate adjuvant medication/vac-
cination to improve the overall general health of the SSA region should be implemented. The current programs in place can be utilized to 
implement the interventions seen in the Bangladesh program. Through improved program monitoring and planning these interventions 
should allow SSA to make strides toward better control and possibly eradication of Hookworm infection and other such NTDs.

Limitations 

Difficulties in finding updated program guidelines or evaluations was a major limitation in this study. Many of the websites were 
outdated (Centre for neglected tropical diseases whose country reports were based on pre-2010 data, the West African Centre for Inter-
national Parasite Control had very limited information which most was from before 2010). It was also noted that limited research on the 
actual burden of the disease might have been due to relatively inconsistent research and monitoring of NTDs. Also, the vaccine against 
hookworm would ideally be the major addendum to many eradication programs but it is still in clinical trials so the exact efficacy is still 
unknown. Also, cost analysis to determine program accessibility, implementation and sustainability cannot be determined until the vac-
cine is available for mass distribution.

Strengths

The issues surrounding NTDs have been gaining attention due the focus on obtaining the 2015 Millennium Development Goals. This 
research involves new technology (the hookworm vaccination) that shows potential for making a significant impact on the incidence of 
hookworm infection and it may possibly be the key to eradication. Also, this program evaluation may add to knowledge that would help 
achieve Africa’s Millennium Development goals that addresses maternal and child health. The deadline to meet these goals is 2015 and 
therefore this evaluation may have more of an impact toward the WHO 2020 goals for NTD control.
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