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The purpose of this study is to explore the relationship between sanitation and cholera outbreak. Five refugee camps in East Africa were specifically selected to be examined to determine if better sanitation index reduced cholera outbreaks.  The importance of this subject stems from the fact that there are still continued outbreaks of cholera on refugee camps. However, small steps can be taken to restore healthier living conditions on the camps.  Failure to address these infrastructural changes would prevent refugees from fully exercising their rights and make them susceptible to cause periodic deadly cholera outbreaks.  A sanitation index was developed by using multiple indicators, such as, access to clean water, availability of latrines, cholera treatment units and health centers, and access to soap and hygienic supplies, and its relationship with cholera outbreaks.  This study hypothesized that the camps with the highest sanitation index would have fewer number of cholera cases and deaths. While the findings did not support our hypothesis, we identified a number of suggestions to conduct a more systematic study in the future.
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The most fundamental human right is adequate access to water and sanitation because it is essential to health and dignity. Studies have shown that there is a direct link between inadequate hygiene practices and diseases associated with poor water and sanitation services. For refugees to benefit from this theory, they must be educated and ultimately change their hygienic behaviors (Abdalla, Aramburu, Cornier, Cronin and Ezard, 2008).
The World Health Organization (WHO) defines cholera as an “acute diarrheal infection that is caused by ingestion of food or water that is contaminated with the bacterium Vibrio cholerae” (2016a). The strains of cholera that contribute to its outbreaks are O1 and O139, but V. cholerae O1 has caused the most recent outbreaks in the world. Since the primary causes of cholera is insufficient access to safe water and proper sanitation, we decided to thoroughly examine whether or not these factors are present on different refugee camps.
In this paper, we are going to define sanitation as “the means of collecting and disposing of excrement and community liquid wastes in a hygienic way so as not to endanger the health of individuals and the community as a whole” (WHO, 1987a, p. 7). Since the cholera disease is one of the many communicable diseases that is related to wastewater and excrement, it commonly affects people in developing countries, including refugees who do not have the proper sanitation system. However, there are options out there that should be used. The options have different characteristics that would produce the most appropriate solution (WHO,2006b) This research examines both dry and wet sanitation systems. Studies have shown that improved sanitation systems and access to safe water have eliminated cholera transmission of Vibrio cholerae. Because there is a shortage of sanitation systems and access to safe water on refugee camps, the bacteria continue to afflict millions of people there (WHO, 2016).
Based on our findings, many cholera cases are not recorded due to poor systematic surveillance and fear of impact on tourism and trade. This is evident from the Global Health Observatory that contains the most recent data for the number of reported cholera cases. According to the data collected in 2015, there were 172,454 cholera cases reported to the WHO with 41% occurring in Africa and 37% occurring in Asia. It is estimated that between 42,000 and 142, 000 people die of cholera each year. 
It is evident that there is a discrepancy in the statistical data because the number of cholera cases reported on Luuq, Burundi, Juba, Dollo Ado and Bidi Bidi (As seen in the pie chart in Appendix 3) exceeds the amount on record for the overall cholera cases. The selection of the camps for this research was guided by their geographical situation by the border of Kenya and the improved sanitation systems that are implemented in each camp. There is no uncertainty that improving the sanitation within a community should lead to an improvement of health, but it is hard to ascertain whether there is a direct or indirect relationship. A composite sanitation index was calculated based on the hypothesis that increased sanitation system would lead to a decrease in the number of cholera cases and deaths. However, poor surveillance system results in limited and inconsistent records and lack of data; thus, the number of the cholera cases and deaths are a major limitation in this study.
As compared to the previous studies, this research project is original as it examines the cholera outbreak in five East African refugee camps by doing a comparative analysis, considering both the number of cholera outbreaks and the current sanitation systems.
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The proposed study is justified because the existing scholarship on the containment of cholera outbreak in refugee camps has failed to examine the relationship between the sanitation systems that are implemented on each camp and the cholera cases. Some researchers focused on only one side of cholera containment, which is overcrowding. Specifically, Griffith, Kelly-Hope & Miller (2006) reviewed the cholera outbreak worldwide and used the ProMED reports of cholera cases from 1995 to 2005 and developed a model which looked at the number of outbreaks and total number of reported cholera cases by regions and sub-regions. The study revealed that the amount of cholera outbreaks was larger in Africa and that the most common risk factors were water source contamination, heavy rainfall and flooding as well as population dislocation which led to overcrowding (Griffith, Kelly-Hope & Miller, 2016). Yet, this research neither addressed the number and types of sanitation systems that exist in the location nor examined the relationship between sanitation systems and cholera. Similarly, Legros, et al (2000) examined the cholera outbreak which occurred in Kampala between December 1997 and March 1998 with a cross-sectional survey conducted over a four-month period. The results revealed that most cholera cases were found in the densely populated areas, specifically in rural slums. The tests conducted revealed that transmission was due to water contamination because water samples taken from the Kampala’s primary water source, the spring, indicated that Vibrio cholerae was present. Both studies support the general claim that overcrowding is directly related to the increase of cholera outbreak, however, a relationship between sanitation systems and cholera outbreak were not examined. 
Furthermore, two studies conducted by found the relationship between sanitation systems and cholera outbreak; however, both looked at Nairobi, Kenya as their focal point.  UNESCO-IHE Institute for Water Education (2015) examined the relationship between sanitation on cholera outbreak and identified the sanitation systems and technologies that exist.  They found that improvement in sanitation reduced cholera breakout.  Another study came up with the same conclusion looking at the relationship between water and sanitation, and cholera in Nairobi, Kenya (CDC and Safe Water System, 2010).  Since they looked at only Nairobi, Kenya, their findings are not considered as valid as only one location was examined.
Another study by Mahmud et al. (2011) examined the relationship between cholera outbreak and inadequate infrastructure for water sanitation. From September 18 to December 15 2009, the total of 224 cholera cases were identified, and the refugees were ultimately hospitalized. Also, three refugees and one Kenyan national died of cholera, V. cholera O1. During the same time frame Mahmud et al (2011) thoroughly analyzed the effects of cholera disease on the refugees that reside on the Kakuma refugee camp in Kenya. Based on their findings, the outbreak was due to unavailability of clean water, inadequate communal latrines, and overcrowding resulting in limited resources. This study supports the general claim that better sanitation will reduce the number of outbreaks.  However, the comparative element cannot be inferred from this singular case study that there is a relationship between outbreaks of cholera and the presence of sanitation systems.  If preliminary secondary findings for the other camps find that there is a relationship between the availability of sanitation systems and cholera outbreaks in the  five camps, then these findings can be reaffirmed and further recommendations regarding the next steps can be made. 
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[bookmark: _Hlk493417285]The geographical location of the Kakuma refugee camp (As seen on the map of Kenya in Appendix 1) reveals that South Sudan, Uganda, Tanzania, Somalia and Ethiopia borders Kenya which has the largest refugee camp in the world. As seen in Table 1, five refugee camps were selected from each country and examined based on whether or not the method of sanitation is present in each camp. Due to limited data and poor surveillance for each area, there is a possibility that there were more implemented sanitation systems than were recorded. Where there is no sanitation system we indicated ‘NA’ or Not Applicable.

Table 1
	Characteristics of the Five Refugee Camps Sanitation Systems, East Africa

	SANITATION SYSTEM
	BIDI BIDI
	LUUQ
	BURUNDI
	JUBA
	DOLLO ADO

	Potable Water in Tanks
	NA
	Present
	NA
	Present
	NA

	Potable Water in Taps
	NA
	Present
	Present
	NA
	NA

	Piped System with potable water
	Present
	Present
	Present
	Present
	NA

	Hybrid Water system with potable water
	NA
	NA
	NA
	NA
	Present

	Potable Water provided by trucks
	Present
	NA
	Present
	NA
	Present

	Soap used for handwashing
	Present
	NA
	Present
	NA
	Present

	Treatment of Water 
	NA
	Present
	Present
	Present
	Present

	Protected Wells
	NA
	Present
	NA
	NA
	Present

	Health Education Campaign during the Outbreak 
	Present
	Present
	Present
	Present
	Present

	Hygienic water storage 
	Present
	Present
	Present 
	NA
	Present

	Cholera Treatment Units and Health Centers
	Present 
	Present
	Present 
	Present
	NA

	Pit-Latrine Coverage and Latrines Implementation
	Present
	Present
	Present
	Present
	Present

	Solid Waste Management
	NA
	NA
	NA
	Present
	Present

	Urine Diversion Dry Toilet
	NA
	NA
	NA
	Present
	NA

	Boreholes Solar PV-Diesel Hybrid System
	Present
	NA
	NA
	NA
	Present

	Boreholes
	Present
	Present
	NA
	Present
	NA

	AMOUNT OF SANITATION SYSTEMS PRESENT
	9
	10
	9
	9
	10




     As seen in Table 2, the sanitation per capita was calculated from five refugee camps from each country namely, South Sudan, Uganda, Tanzania, Somalia and Ethiopia. The number of cholera cases and the population of the refugee camp was used to calculate the index per capita. 
Based on the data, there is no direct correlation between cholera outbreak and sanitation systems. This shows that there is a contradiction between the index per capita and previous research. 
Table 2
	Sanitation Index of the Five Refugee Camps, East Africa


	Locations
	Bidi Bidi
	Luuq
	Burundi
	Juba
	Dollo Ado

	Year
	2016
	2014
	2015
	2015
	2016

	Population
	270000
	33820
	367,125
	15,061
	207022

	Cholera Outbreak/Cholera Cases
	61
	526
	66
	1868
	1099

	Number of Sanitation System
	9
	10
	9
	9
	10

	Index per capita 
	.2259
	0.0155
	0.000179
	0.124
	0.0053



Previous research indicate that improved sanitation resulted in reduction in cholera outbreaks. There are several contributing factors that could contribute to the indication of no correlation, that is, inconsistent data, insufficient data or no data. The disease outbreaks statistics are generally inconsistent. The Center for Diseases Control and Prevention (2016) states that the Vibrio cholorae O1 and 0139 strains are transmitted by ingestion of contaminated foods or water.  Additionally, prevention of open defecation and waste containment can reduce the spread of disease. The sanitation systems, such as, sanitation facilities, handwashing facilities, and soap and water help to reduce the spread of the disease during the outbreak.
The WHO (2004) recommend the multifaceted approach as key to prevent and control cholera and reduce the fatality rates. By evaluating the existing sanitary systems on the different refugee camps and the cholera outbreak that exist, the plan would be to improve the index per capita that would prevent and control the cholera outbreaks and ultimately, reduce the cholera death rates. A combination of surveillance, water, sanitation and hygiene, social mobilization, treatment and oral vaccines are some of the factors that control the cholera. 
The CDC (2016) sanitation not only looks at the appliances necessary, but they also take into consideration the overall approach to sanitation, which is measured by the percentage of the population with access and using improved sanitation facilities. The containment of cholera is due to improved sanitation facilities that separate human contact from human excreta, such as pit latrines with slab, piped sewer systems, septic tanks and so on. The access to safe drinking water is measured by the percentage of population having access to and using improved drinking water sources, including public standpipes, boreholes, protected dug wells, piped household water connections and so on. If our hypothesis is correct, it can be expected that if these sanitation systems were implemented cholera outbreak would be controlled on the refugee camps.
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The sanitation system index was calculated  based on the number of indicators that were available at each location specifically, Bidi Bidi, Luuq, Burandi, Juba and Dollo Ado. It is presumed that if this relationship exists between the availability of sanitation system and the number of cholera outbreaks, the higher sanitation system index is, the lower the number of cholera cases will be on the five camps. (As seen in line graph in Appendix 5) In order to measure the cholera outbreaks, a surveillance data for cholera in the five camps was obtained by analyzing the data from annual reports of the United Nations High Commissioner for Refugees (UNCHR) covering the time period of 2013 through 2017. In addition, cholera mortality observation reports were also obtained. (As seen on the line graph in Appendix 2) For the purpose of this study, the data for the year 2016 was selected. The implemented sanitation systems were also analyzed. A comparative approach was used to evaluate the correlation between the cholera outbreaks and number of sanitation systems implemented. We hypothesized that in the five regions, there would be fewer cholera outbreaks in the areas that have higher sanitation systems index and the areas that have the lowest number of sanitation system.  Our findings reveal that there were no relationships between the number of cholera outbreaks and the implementation of the sanitation systems. (As seen in table in Appendix 6)
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In this preliminary study, the sanitation index per capita and cholera outbreak was established. The study indicated that there is no direct relationship between sanitation and cholera. Consequently, there may be a relationship from the composite index. To study this more robustly a field study in each location could be conducted. I encountered the following limitations, (1) inconsistent data (2) insufficient data, and (3) inconsistent data. These limitations highlight that there is a problem in each refugee camp as it relates to surveillance which prevented us from studying this question in a more productive manner. Since the aim of this study is to increase people’s awareness that cholera remains a problem in East Africa. We hope to target organizations and institutions to donate to the camps and implement more sanitation systems that would control the cholera outbreak.
There was also inconsistent data because there were information that was missing because statistics on the cholera deaths and outbreaks were not recorded for each year. This could be due to poor surveillance and financial constraints. The sanitation index was conducted for each location, four of which was done in 2016 and one was done in 2015 because the records were not updated. 
The design of this comparative case control study resulted a disproportionate sampling of the population who had experienced cholera due to insufficient secondary information.  There was limited data on the camps. We did not know where specifically each refugee was traveling from, how much was spent on the camp and the vaccination attempts on each camp. 



There are other variables that affected the number of cholera cases in each camp. These factors include, the level of education, how much money was spent on health initiatives and so on. These results have great impact on the cholera cases that were reported, the articles did not indicate the amount of people who benefited from the education, hygiene promotion, and sanitation campaigns taking place in the year of 2017 or 2016 and could result in some substantial changes to households, particularly in the households with suspected or confirmed cholera cases.  These changes included distributing soap in the camp, addition of private latrines, and increased chlorine levels in the tap water. 
[bookmark: _Toc493421702]Future Research

To study this more robustly it is suggested that to conduct a field study in each location. The goal of this field study is to gain full access to concrete and consistent statistics of the number of cholera cases and death on each camp. These limitations prevented us from studying this question in a more productive manner. The aim of this study is to increase people’s awareness that cholera remains a problem in East Africa. We hope to target organizations and institutions to donate to the camps and implement more sanitation systems that would control the cholera outbreak. 
A future study can be done by looking solely on the ten camps in Northern Uganda from a multi-camp and multi-country perspective.  In November 2016, Northern Uganda was the most progressive compared to other refugee camps and with the help of UNICEF, where 200 cholera cases were managed especially after the influx of refugees from South Sudan. We would assess the current sanitation systems that have been implemented and how oral vaccination is administered to contain cholera.  In addition to counting the amount of sanitation systems the most modern system will also be examined to assess whether or not cholera outbreak is controlled. This information would provide a more direct relationship between sanitation system and cholera and more single index could be generated. We would also examine the amount of money being spent, the level of medical facilities implemented and services over five consecutive years and make a more comprehensive recommendation to the Kakuma refugee camp as well as other camps.
Additionally, in the study, efforts should be made to assess the beliefs and knowledge of the refugees. This would help to contain the outbreak because those that have the belief and rituals of practicing good sanitation would be separated from those that hold on to rituals that need to be changed. Another important variable that should be explored is the access to education of the effects of sanitation practices and about the sanitation technologies that are put in place.
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	Kakuma Camp, Kenya
	· Kakuma camp is located in the North-western region of Kenya. The camp was established in 1992 following the arrival of the “Lost Boys of Sudan”.
· The 15km² camp with a capacity of 125,000 persons is divided into four zones. It is located on the outskirts of Kakuma town, which is the headquarters for Turkana West District of Turkana County. Kakuma camp had a population of 164,571 registered refugees and asylum-seekers as at 28/02/2017.
· 14 additional temporary latrines done and complete in the Kakuma reception centre.  Construction of 24 permanent latrines by Team and Team ongoing in at the Kakuma reception centre.  99 latrines decontaminated in Kakuma this week with decommissioning of over 10 latrines that were full.  Helped 4 families reconstruct family latrines after members of this families had sold previous materials given
· Average water supply in Kakuma is 21 litres.
·   Extra pipeline done in Kakuma 1 Zone 2 increase water supply to tap stands. Currently 4 of the 5 tap stands in the zone are currently working.  Repair of  all broken taps and  nozzles ongoing in Kakuma1 Zone 2 , Kakuma 3 and  Kakuma 4 on going. 
· Connection of CTC in Kakuma 4 with a direct line completed ensuring continous flow of water at the CTC. Pumping time increased in borehole 6,13 in order to increase amount of water distributed in Kakuma. Repaired pipeline two schools to ensure continous flow of water (Naam and El eur primary school.) Last two weeks more than 1km of pipeline has been done in kakuma one to replace old pipeline network previously occasioned by frequent breakages creating artificial shortage of water. Superchlorination of water ongoing hand in hand with frequent monitoring of residual chlorine levels at both tap stand and at the household level.Averages of 0.5-0.8mg/litre at household and range of 0.8-1.5 mg/litre at the tap stand level. Change in periods of opening of water to ensure better access for all to chlorinated water.This has been seen to have a positive effect especially in Kakuma 4.
· Joint awareness by hygiene promoters and community health workers at household level ongoing especially in Kakuma 1,2, 3&4. Daily hygiene messaging including handwashing demonstrations done at Kakuma reception centre daily. (UNCHCR, 2017)
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	Sanitation System:
	According to the Sustainable Sanitation and Water Management, “sanitation systems comprise of all the technical appliances necessary for a safe use and handling of water from the water user over the collection, treatment and reuse of wastewater” (Spuhler and Gensch, 2014) 
The Centers for Disease Control and Prevention (CDC) sanitation not only looks at the appliances necessary but they also take in to consideration the overall approach to sanitation, which is  measured by the percentage of the population with access and using improved sanitation facilities. The containment of cholera is due to improved sanitation facilities that separate human contact from human excreta such as pit latrine with slap, piped sewer system, septic tank and so on. The access to safe drinking water is measured by the percentage of population having access to and using improved drinking water sources including public standpipe, borehole, protected dug well, piped household water connection and so on. 


	WASH Water, Hygiene and Sanitation (WASH):
	With this approach of educating refugee camps cholera and how it can be prevented which can be successful though clean water supply access, adequate sanitation, such using soap and regular hand washing as well as the importance of proper hygiene.  This initiative contributed to the development of the Safe Water  System to address diarrheal disease. The CDC and the Pan American Health Organization developed system to provide steps to treat and store water in the homes and all facilities on the camp. These treatments include, chlorination, solar disinfection, ways to cover treated water and practicing proper hygiene such as, handwashing (CDC)


	Boreholes:
	In order to have water become accessible to the refugees, non -profit organizations, and multiple studies found that raising the groundwater by means of boreholes and dug wells. These infrastructural systems are expensive and many camps have to rely on United Nations High Commissioner for Refugees (UNHCR), World Health Organization (WHO), the Ministry of Health (MoH) and other non-profit organizations’ funding. Also the cost becomes more expensive because a hydrogeological survey must be done before staring the drilling process. Since boreholes are a narrow hole preferably with a sufficient size and depth in the ground that can only be created by drilling using a machine called a rig. In order to eliminate ground fragments, casing pipes and well scree in placed in the hole. These features help to avoid looser particles and to prevent undesirable water findings (Water Manual for Refugee Situations, 1992) 


	Dug Wells
	This is referred to as a tube well that us suitable where there is plenty of water exist on shallow bodies of water such as rivers and, lakes and swaps.  Given the nature of how the well is built the water should be disinfected immediately after construction. Through WASH and other initiatives educating the refugees should be a priority because the water retrieved could be contaminated and so they should be given water treatment kits such as chlorine to disinfect the water retrieved from the well (Water Manual for Refugee Situations, 1992).
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Population	





Bidi Bidi	Luuq, Somalia	Burundi, Tanzania	Juba, South Sudan	Dollo Ado, Ethiopia	Daddab Kenya  Refugee Complex	120000	33820	367125	15061	207022	245146	

Cholera Cases	Bidi Bidi	Luuq, Somalia	Burundi, Tanzania	Juba, South Sudan	Dollo Ado, Ethiopia	Daddab Kenya  Refugee Complex	31	526	15	66	1099	55	



Sanitation Index	Bidi Bidi	Luuq, Somalia	Burundi, Tanzania	Juba, South Sudan	Dollo Ado, Ethiopia	0.22589999999999999	1.55E-2	1.7899999999999999E-4	1.24E-2	5.3E-3	
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