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Abstract: Sanitation infrastructure are not able to cope with the increasing population in low-income
countries, which leaves populations exposed to faecal contamination from multiple pathways.
This study evaluated public health risk (using SaniPath) in a low-income community during the
dry season, to identify the dominant exposure pathways, and compare this data to existing data for
the rainy season, questioning the assumption that risk of faecal contamination is higher in the rainy
season. SaniPath was used to collect and assess exposure and environmental data, and to generate
risk profiles for each pathway. In the dry season the highest exposure frequency was for bathing
and street food, exposure frequency generally increased, and seasonal variation was found in five
pathways. The highest hazards in the dry season were through contact with drains, soil, and street
food. Seasonal variation was found in the contamination of open drains and street food, with higher
levels of Escherichia coli (E. coli) in the dry season. Open drains were identified as the most dominant
risk pathway in both seasons, but risk was higher in the dry season. This highlights the complex
nature of seasonal variation of faecal risk, and questions the assumption that risk is higher in the
rainy season.
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1. Introduction

Urbanization, the migration of people from rural areas to cities is one of the crucial demographic
trends. According to the latest estimates, the global urban population is expected to grow approximately
1.8% per annum between 2015 and 2020 [1]. The UN predicts that by 2050, the urban population
will almost double from 3.3–6.3 billion, with low-income countries bearing the largest increase [2].
In low-income countries the highest increases are found in slums, which have growth rates of 4.5% per
annum [3]. It is estimated that about two thirds of the global population live in slums, with the highest
prevalence in Sub-Saharan Africa, at 62% [4].

This rapid urbanization and general population growth puts pressure on existing sanitary facilities
and many cities are struggling to provide adequate services [5]. The burden is felt mostly in low-income
communities including slums, where there is limited planning and facilities. Low-income settlements
add a huge burden to city authorities who usually struggle to provide basic services such as sanitation
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and water. Hence, the immediate surroundings of these populations are highly polluted, and they are
therefore prone to enteric diseases due to overcrowding, and inadequate sanitation services [4,6].

In these environments, there are numerous faecal exposure pathways (where a person comes
into contact with faecal contamination) that are of public health concern, for example drinking water,
public toilets, open drains, street food, and produce [7]. These pathways are usually interconnected
and prevalent in the public domain. Hence, sanitation interventions, at household level alone, are not
sufficiently capable of reducing the overall exposure to faecal contamination [7]. Several approaches
have been designed to identify and quantify the risks faced by populations from these pathways [8].
Exposure and risk assessment tools have been developed and used in urban sanitation to identify and
prioritize sanitation interventions based on public health risks [8–10].

Most of these tools have only targeted one season [11], which is normally the rainy season [9] or
during peak diarrhea season, which is also normally the rainy season [12]. Seasonal variation in risk
pathways is complex and poorly understood, but rainfall has emerged as one of the drivers of faecal
risk in different regions [13], hence faecal contamination is often detected, and in higher concentrations,
during the rainy season [13,14]. This is contextual, as diarrhea cases as a result of faecal risk have
been shown to increase during the rainy season [15], while another study found that the level of faecal
contamination was lower during the rainy season, compared to the dry season [13]. When seasonality
is explored in risk pathways, generally only one risk pathway, normally drinking water sources,
is explored [14,16,17], and it is assumed that this pathway is dominant. To date, no studies have
explored the seasonality of multiple risk pathways in one community. It is important to know if, and
how, the faecal risk from these pathways varies seasonally, so that appropriate interventions can be
designed. The SaniPath tool was specifically designed for this purpose, by identifying the frequency
and magnitude of exposure to faecal pathways [7].

This study evaluated seasonal variation in public health risks (using SaniPath) from faecal
contamination in a low-income community, and identified the most dominant exposure pathways in
both seasons, to aid evidence based decision making in terms of sanitation investments.

2. Materials and Methods

2.1. Study Location

The study was conducted from January to February 2019 in a low-income settlement, which is
defined as a slum by UN-Habitat [3], in Kampala, Uganda. Kampala is Uganda’s capital city and the
largest urban, industrial, and commercial center [18] located on the shores of Lake Victoria. It has a
population of about 1.5 million people [18], with an urbanization rate of 5.4% per annum and 60% of
the city’s residents live in low-income settlements [19]. The city is divided into five administrative
divisions: Central, Rubaga, Kawempe, Nakawa, and Makindye (Figure 1), which are further divided
into parishes and villages [18]. Kampala has a tropical climate, which features two annual rainy
seasons; the first from March to May, peaking in April; and the second from August to December,
peaking during October and November (precipitation ranging between 85–153 mm with average
temperature of 21.5 ◦C). The main dry season is from January to February, with a secondary dry season
in June and July (precipitation ranging between 64–74 mm with an average temperature of 22.1 ◦C) [20].
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Figure 1. Location of study area.

The study was conducted in two villages in a low-income parish in Rubaga division (Figure 1)
during the dry season (January to February 2019). Rubaga division is located in the western part
of the city. It is divided into 13 parishes with a population of 383,000 people [21]. The low-income
settlements [3] in this division are equally distributed between the parishes. The site was pre-selected
as this was a comparative case study, the data were compared with a study undertaken during the
rainy season (October–December 2018) [22].

2.2. Data Collection

This study was part of a larger SaniPath study conducted by Makerere University School of Public
Health in collaboration with the Center for Global Safe Water, Sanitation, and Hygiene, Rollins School
of Public Health, Emory University. The aim of the overall study was to assess the levels of faecal
contamination associated with major faecal exposure pathways, to aid with the prioritization of
interventions to control diarrheal diseases.

Both studies, in the rainy and dry seasons, used the SaniPath assessment tool [23]. The SaniPath
tool was used because it can quantify the magnitude of faecal contamination in specific exposure
pathways, hence it was used to compare and prioritize faecal risk pathways. SaniPath recommends
the assessment be undertaken during peak rainy season, to provide a “worst case” scenario [23].

The pathways which are specified in SaniPath are drinking water, surface waters, soils, wastewater
irrigated produce, bathing water, street food, open drains, flood water, and public latrine surfaces [23].
The tool then automatically generates risk profiles (people plots, Figure 2) for each pathway from
the data entered [23]. The people plots of the pathways (Figure 2) illustrate the risk, which can be
either through direct ingestion of contamination, through street food, drinking water, raw produce
etc. or indirect ingestion via hand to mouth transfer after hand contact with a contaminated surface,
like public latrines or open drains and surface waters, and the plots show where interventions will
have the greatest impact when it comes to reducing the overall exposure to faecal contamination [7].
The people plots (Figure 2) were generated from data collected on the exposure to faecal contamination
gained through the collection of microbiological data on environmental samples, and behavioral data
on the frequency of exposure to each environmental sample.
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Figure 2. Risk profiles (people plots) for open drains for the rainy and dry seasons. Each red figure on
the people plot represents one percent of the population for either an adult or a child that is exposed
to faecal contamination in a pathway. The color change of red represents the magnitude of the dose
of Escherichia coli (E. coli) ingested per month, with darker red representing a higher dose. The grey
figures represents the population that is not exposed to faecal contamination in a pathway.

This study used secondary data from a SaniPath assessment, conducted during the rainy season in
2018, and aimed to replicate the study in the dry season in 2019 [22]. The SaniPath methodology details
the process of conducting behavioral surveys with community groups and households, and how to
collect and analyze environmental samples for Escherichia coli (E. coli) [23].

The preliminary assessment [22] for the original SaniPath study targeted and identified,
the neighborhoods in Kampala that were low–income [3]. Key informant interviews and transect walks,
with city officials and community leaders, were undertaken during this preliminary assessment to,
identify neighborhoods (Wankulukuku and Suna), identify relevant pathways (street food), and identify
environmental sampling sites [22]. These data were then used to develop the sampling strategy for the
initial SaniPath assessment, which was undertaken in the rainy season [22].

In the initial SaniPath assessment (during the rainy season) households were randomly selected.
In total 100 household surveys were conducted in the initial study [22], 70 of these households were
surveyed during the dry season and 30 were new. In this study, two community surveys were conducted
with the same participants from the rainy season study [22], and two school surveys were undertaken
with the same schools surveyed during the rainy season [22]. The target of the school surveys was
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children aged between 10 and 12 years, as specified in the methodology [22]. All the surveys contained
questions on the frequency with which both adults and children performed behaviors that lead to
exposure to faecal contamination from the pathways included in the SaniPath tool.

Environmental samples were collected from the same sites in the public domain as those collected
in the rainy season study [22]. The SaniPath tool focuses entirely on exposure to faecal contamination in
the public domain because they are areas most affected by sanitation interventions, any contamination
in the public domain will likely affect the private domain, and also data collection is more practical
in the public areas [24]. Ten samples, which is the minimum recommended number by SaniPath
methodology, were collected from each pathway. Samples for each pathway were collected on the
same day, as was the sampling strategy in the original study [22]. Before analysis, the samples were
kept at 4 ◦C and all analysis was done within 6 h of taking the sample. The sample types previously
identified were: (1) open drain water from an open channel carrying liquid and solid waste, (2) raw
produce that is eaten without cooking, (3) drinking water, also referred to as municipal water, supplied
by the National Water and Sewerage Corporation, (4) public latrine swabs from walls and handles,
(5) street food prepared and sold by vendors on the streets, (6) bathing water commonly used for
washing, showering, or bathing in the neighborhood, spring water was identified to be the common
type, (7) soil from where children play, and (8) surface water from ponds and swamps (only two
samples were collected due to lack of surface water in the dry season) [22]. The samples were collected
and processed as per the SaniPath protocols for sample collection and laboratory processing and
analyses [23]. Street food samples (from the same vendor and of the same food types as in the previous
study) were collected in 2 L Whirl-Pak bags, the vendors were requested to prepare a single serving
and place it in the Whirl-Pak bag. In the laboratory, the samples were first mixed well (by compressing
them together by hand for 3 min), 10 g of the sample was then homogenised with 90 mL of phosphate
buffered saline (PBS) in a sterile 100 mL Whirl-Pak bag for one minute. Swabs from the same latrines
as the previous study were collected using EnviroMax Plus sterile environmental sampling swabs.
Swabs were taken from latrine walls and door handles and using a T-square, an area of at least 100 cm2

(10 cm × 10 cm) on each arm of the T-square was swabbed. In the analysis, 7 mL of phosphate buffered
saline with tween (PBST) was added to the swab container and vortexed for 30 s, then incubated for
5 min at room temperature, and vortexed again for another 30 s. The swab elute was poured into an
empty 15 mL conical tube. For soil, a sanitized spatula was inserted into the soil at a 45◦ angle to
a depth of 5 cm and a composite of up to seven samples was collected for one soil sample. At the
laboratory, 10 g of the soil sample was mixed with 20 mL of PBS and vortexed for 30 s, the pH was then
adjusted to 9.0 by adding drops of sodium hydroxide (NaOH), and homogenised with a shaker for
30 min. For produce, the same samples were collected as the previous study (tomatoes and cabbages),
and the same procedure was followed as for the street food during collection. At the lab, whole pieces
were rinsed with 500 mL of PBST and incubated for 10 min at 37◦ C. These were then mixed well by
vigorously shaking for 30 s, after which the surface of each piece of the produce was gently massaged
through the bag for 60 s, and then removed and its weight measured. All the homogenised samples
were diluted, as in Table 1, with distilled water. They were then analyzed for Escherichia coli (E. coli)
(an indicator of faecal contamination) using membrane filtration (0.45 µm, 47 mm) and Chromocolt®

coliform agar. After filtration, samples were then incubated at 37 ◦C for 24 h. E. coli colonies within the
range of 20–200 colony-forming unit (CFU) were enumerated and recorded as described in standard
methods 9222 [25]. All microbial concentrations for E. coli were log10 transformed, and the geometric
mean and standard deviation were calculated.
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Table 1. Recommended dilutions for sample type.

Sample Type No Dilution Dilution 1 Dilution 2 Dilution 3 Dilution 4

Drinking Water
(Municipal Water) 4 - - - -

Bathing Water
(Spring Water) 4 - - - -

Drain Water - 1:10 1:100 1:1000 1:10,000

Produce - 1:10 - - -

Street Food - 1:10 - - -

Latrine Swabs - 1:10 - - -

Soil - 1:10 1:100 - -

2.3. Risk Analysis

The SaniPath tool calculates the risk per month, from the behavioral and environmental data [23].
The dose (number of CFU of E. coli ingested per event) was calculated by using the average contamination
level (CFU of E. coli per unit volume) multiplied by intake (average unit volume ingested per event) [23].
The value for the intake variable was informed by the literature and data from a formative study in
Accra, Ghana, and was dependent on the exposure pathway [7]. Dose is one of the major components
for calculating the risk, the other component is the average frequency of exposure (number of events
per unit time), which comes from the behavioral survey data. One thousand iterations of Monte
Carlo simulation were then conducted to estimate, the percent of population that was exposed, dose,
and to calculate exposure, with the final product being the people plots for both adults and children
(Figure 2) [26].

The dominant pathway(s) of exposure was determined by multiplying the dose and percentage of
the population exposed (both generated by the SaniPath tool), which was then log transformed and
denoted as E [24]. Pathways which have E equal or larger than 10, or which fall within a log 1 range of
the maximum E value, are considered high risk and dominant pathways, if the value of E is less than
1 (low risk) for all pathways, then there is no dominant pathways [24].

2.4. Statistical Methods

A Wilcoxon signed-rank test (WSR) was conducted to compare the faecal contamination (hazard)
and Mann-Whitney U (MW-U) was conducted to compare behavior frequency (exposure), between the
rainy and dry seasons. The null hypothesis tested was that there was no difference between the rainy
and dry season.

2.5. Ethical Approval

This study was a part of a larger SaniPath study which obtained ethical approval from Makerere
School of Public Health Institutional Review Board (IRB ethical approval number is 626), which is
registered with the Federal Wide Assurance (FWA) number of FWA00011353.). Informed consent
was obtained before administering the surveys to the households, community, and schools in the
appropriate language (English or Luganda), with a translator where necessary.

3. Results and Discussion

3.1. Household, Water, Sanitation, and Hygiene Characteristics

It is thought that the reason that the same households could not be surveyed was due to the
mobility of the population living in compound housing, respondents living in compound housing
decreased from 92–79% [22] from the rainy to dry seasons. Across the two villages, the average
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household size was five people in both seasons [22]. Hence, the new households interviewed can be
assumed to have the same characteristics, in terms of people living in the households, as those who
had moved away.

In terms of water and sanitation, all of the respondents reported treating their drinking water
(municipal water) either by boiling or chlorination before consumption in both seasons [22]. This was
thought to be due to the households’ perception of the quality of tap water, a behavior also observed in
households in Kampala in another study [27].

Over half of the respondents (59%) reported sharing the toilet in their compound housing
with more than five other households in the rainy season [22], compared to 46% in the dry season.
This decrease in shared facilities was probably linked to more people living in compound housing in
the rainy, than the dry season. This number of households sharing is more than the recommended four
households per toilet stated in Uganda’s National Sanitation Policy [28]. Sharing of latrines is typical
in low-income settlements in Kampala, where about 75% of the low-income residents use shared or
compound latrines [29].

A majority of respondents (98%) in the rainy season [22], and dry season (92%) reported that
their toilet never floods during the rainy season, despite this area being low-lying and susceptible to
flooding during a heavy rain event [19]. During the field work it was noted that most of the toilets
were elevated and built using plastered brick work, this prevents rain and storm water entering and
flooding the systems. This is a common way of constructing toilets in flood prone areas in Kampala,
and is also used due to the high water table in this area (<1.5 m below the surface) [29–31].

3.2. Environmental Contamination

Table 2 shows the E. coli geometric mean for five pathways for the rainy [22] and dry seasons and
the p-Values for the WSR.

Table 2. E. coli geometric mean and Wilcoxon signed-rank (WSR) test.

E. coli Geometric Mean WSR

Pathway Unit Rainy [22] SD Dry SD p-Value

Open Drains Log10CFU/100 mL 6.52 (n = 7) 0.17 6.80 (n = 10) 0.38 0.010

Soil Log10CFU/g 3.79 (n = 6) 0.27 3.65 (n = 10) 0.36 0.419

Produce Log10CFU/g 3.26 (n = 7) 0.93 2.38 (n = 10) 0.03 0.371

Bathing Water
(Spring Water) Log10CFU/100 mL 2.81 (n = 9) 0.20 2.84 (n = 10) 0.39 0.100

Street Food Log10CFU/g 2.57 (n = 6) 0.00 3.55 (n = 10) 0.49 0.002

Drinking Water
(Municipal Water) Log10CFU/100 mL TFTC * (n = 10) - TFTC * (n = 10) - -

* TFTC = too few to count <20 CFU/100 mL.

3.2.1. Open Drains

The detection of high numbers of E. coli in all the samples in both the dry and rainy season is an
indication of inadequate faecal sludge management in this community. This was evident as latrines
were discharging faecal sludge directly into drains in this community, which is a common practice
in Kampala [29,30]. The levels of contamination found in the dry season are similar to those found
in a quantitative microbial risk assessment (QMRA) study undertaken in the dry season in Kampala
(6.9 log10 CFU per 100 mL) [32]. Open drains had the highest levels of E. coli contamination in both
seasons (Table 3). As expected, the geometric mean concentration of E. coli was lower and less variable
in the rainy season compared to the dry season (Table 2). This was due to the absence of dilution
through rainwater. This seasonal variation was found to be significantly different (p ≤ 0.05, Table 2).
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The only other study that explored seasonal variation in E. coli concentration in open drains was
from Ghana, though they did not find any variations, and the study looked at two rainy seasons [33].
The results are surprising because it would have been expected that the risk would have been higher
during the rainy season than the dry season because it has been observed that most elevated latrines in
Kampala have an opening at the back which is used to empty faecal sludge into adjacent open drains,
in addition to the washing effect of rain [30]

Table 3. Behavior frequency for the eight pathways for adults and children in the rainy [22] and dry
seasons and the p-Values for the Mann-Whitney U(MW-U).

Rainy Season [22] Dry Season
MW-U

Adults% Children% Adults% Children%

Pathway Frequency of Exposure % % % % p-Value

Surface Water More than 10 times in the
past month 8 4 2 12 adults p = 0.002

6–10 times in the past month 4 2 2 5 children p = 0.016
5 times or less in the past

month 7 6 12 14 -

Never 80 86 82 68 -
Do not know 1 2 2 1 -

Open Drains More than 10 times in the
past month 36 25 32 43 adults p = 0.075

6–10 times in the past month 36 8 7 10 children p = 0.001
5 times or less in the past

month 12 20 10 15 -

Never 44 39 43 32 -
Do not know 0 8 1 0 -

Drinking Water
* Every day 61 60 72 76 adults p = 0.109

4–6 days within the past week 3 8 9 12 children p = 0.074
3 days or less within the past

week 5 9 5 1 -

Never 29 22 12 11 -
Do not know 2 1 2 0 -

Bathing Water
(Spring Water)

More than 10 times in the
past week 91 70 93 71 adults p = 0.236

6–10 times in the past week 7 28 4 26 children p = 0.865
5 times or less in the past

week 0 1 1 2 -

Never within the past week 0 0 0 0 -
Do not know 2 1 2 1 -

Raw Produce More than 10 times in the
past week 10 8 13 15 adults p = 0.040

6–10 times in the past week 13 10 20 23 children p = 0.001
5 times or less in the past

week 38 39 28 26 -

Never within the past week 34 41 34 35 -
Do not know 5 2 5 1 -

Street Food More than 10 times in the
past week 21 39 48 66 adults p = 0.000

6–10 times in the past week 37 34 13 11 children p = 0.000
5 times or less in the past

week 29 21 15 18 -

Never within the past week 11 5 18 4 -
Do not know 2 1 6 1 -

Public Latrines More than 10 times in the
past week 21 34 24 22 adults p = 0.006

6–10 times in the past week 19 15 3 2 children p = 0.000
5 times or less in the past

week 10 8 6 8 -

Never within the past week 48 33 62 67 -
Do not know 2 10 5 1 -

* This is also referred as municipal water supplied by National Water and Sewerage Company.
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3.2.2. Soil

Soil had the second highest level of E. coli contamination in both seasons (Table 2). The geometric
mean concentration level of E. coli in soil was higher in the rainy season than the dry season (Table 3),
similar to a study in Bangladesh [34]. The higher concentration detected during the rainy season
was possibly due to the increased moisture in the soil which creates a conducive environment for
microorganisms such as E. coli, leading to longer survival [35]. This brings into question of the use of
E. coli as an indicator for tropical climates [36]. Other activities such as discharge of faecal waste during
the rainy season can also lead to the contamination of soil. A study in an urban slum in Uganda found
higher levels of E. coli (5.4 log10 CFU per g), compared to this study during the dry season, but there,
samples were taken specifically from open spaces and the playgrounds of children [33]. Children face
considerable risk from soil during the dry season, this is because they spend most of the time playing
outside on the ground.

3.2.3. Compound Latrines

As there were no public latrines in these villages, samples were taken from compound shared
latrines, as in the original study [22]. These latrines had an average of two toilets/stances per block
with a median of 50 users per day. From the observation during swabbing in the dry season, feces was
visible on the walls and/or the slab in all ten latrines. In addition, none of the latrines in either season
had handwashing stations nearby, a common observation in Kampala [30]. Despite the walls having
feces, only one latrine swab in the dry season was positive for E. coli with a concentration of 3.82 log10

CFU per swab, while in the rainy season no swab was positive for E. coli [22]. This is surprising because
a study in Kampala found compound latrines in the rainy season to be very dirty (presence of urine,
solid faecal matter, dirty paper, or any other refuse on the slab or squat hole), unlike the dry season
where they were much cleaner, therefore seasonal variation was expected [37].

A failure to detect E. coli from the latrines swabs in both seasons could be attributed to a number
of factors including, the type of swab used [38], the recovery rate from the swabs [38], and the type of
surface sampled [38]. For this particular study, swabbing was only conducted on the door handles and
the walls (which people touch), this could have affected the amount of E. coli detected.

3.2.4. Raw Produce

The geometric mean concentration of E. coli detected in the raw produce was higher in the
rainy season than in the dry season (Table 2). The detection of E. coli in the raw produce in both
seasons indicates a recent faecal contamination since the crops were not grown locally nor irrigated by
wastewater. This post-harvest contamination happened during handling and storage of the produce
by the vendors. Hence, the contamination during the dry season was thought to be due to the produce
being stored on the ground. The higher levels of contamination in the rainy season were thought to be
due to the muddy environment and the increase in moisture, leading to longer E. coli survival [35].
Similar findings were reported in Ghana where higher levels of faecal contamination were detected in
lettuce during the rainy season than in the dry season, although not significantly different [39]. In this
study the seasonal variation was not found to be significantly different (p ≥ 0.05, Table 2).

3.2.5. Bathing Water (Spring Water)

Spring water was used by a minority of respondents for bathing (32% during the rainy
season [22] and 22% during the dry season), and was analyzed for E. coli contamination (Table 2).
The contamination of unprotected springs during the dry season is similar to a QMRA in Kampala
(2.5 log10 CFU per 100 mL) [33]. The geometric mean concentration level of E. coli in springs in the
rainy season was slightly lower compared to the dry season (Table 2). Slightly higher levels of
contamination in the dry season could be as a result of a decrease in the water levels in the unprotected
springs. Contamination of unprotected springs is attributed to inadequate and poor sanitation facilities
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within the neighborhood, which at times can lead to open defecation, and unsafe disposal of faecal
sludge [40]. In terms of seasonal variation, a similar pattern was observed in Ghana, during the wet
season the level of concentration ranged from 1.5 to 3.10 log10 CFU per 100 mL, and that of the dry
season ranged from 2.0–3.08 log10 CFU per 100 mL, with no significant difference between the wet
and the dry seasons [41]. Despite higher E. coli levels during the dry season, there was no significant
seasonal variation (p ≥ 0.05, Table 2).

3.2.6. Drinking Water

Drinking water in both seasons had no detectable E. coli contamination [22]. This implies that the
water met WHO recommended guidelines for drinking water [42]. A review of seasonal variation of
faecal contamination in improved drinking water sources in developing countries found a seasonal
trend of higher faecal contamination during the rainy season [14], which this study did not find.

3.2.7. Street Food

Street food in the rainy season had less faecal contamination with only one sample having E. coli
of 2.57 log10 CFU per g, all other samples had too few to count E. coli counts, whereas in the dry season
all ten samples had countable E. coli with a geometric mean of 3.55 log10 CFU per g (SD: 0.49 log10

CFU per g). The street foods sampled were rolex, kikomando, and samosa (described in Table 4).
Consistent levels of contamination during the dry season can be attributed to dust and the uncovering
of food and utensils. In addition, lack of sufficient water during the dry season for hygienic activities,
like cleaning of surfaces, handwashing, and washing of utensils, could be another reason for higher
concentration compared to the rainy season. This seasonal variation was found to be significantly
different (p ≤ 0.05, Table 2). No earlier studies looked at seasonal variation and the contamination of
street food, hence this warrants more exploration.

Table 4. Street food type and its preparation.

Food type Ingredients Cooking Method Serving

Rolex
Eggs, chapati,

onions, cabbage
and tomatoes

The chapati is usually prepared in advance,
it is a flat bread made from wheat flour

fried on a pan. The onions, tomatoes, and
cabbage are mixed with one egg and fried
to make an omelette. The omelette is then

wrapped in the chapati

Chopped on a board and
served by hands. Usually

put in a polythene bag

Samosa Wheat flour, rice
and minced meat

The wheat flour is used to make a shell
which is stuffed with either minced meat or

rice and then deep fried

Packaged into a
polythene bag by hands

Kikomando Chapati and beans Boiled beans served with a chapati

Beans served with a
spoon in plate, and

chapati is first chopped
and served by hand.

3.3. Behaviour Frequency

Table 1 shows a summary of behavior frequency of the eight pathways for adults and children
in the rainy and dry seasons. For one pathway (soil), this information was not captured because the
SaniPath tool does not have a behavioral question for it.

3.3.1. Bathing Water

Bathing water had higher exposure than any other pathway in both seasons, more than 90% of
adults and 70% of children were exposed to it more than ten times in a week (Table 3). High exposure
frequency was because each respondent reported to shower at least once in a day, and the desire to be
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clean made people bathe more often so as to appear tidy, as seen in other places [43]. During the rainy
season, the water used for bathing was either from a tap (supplied by National Water and Sewerage
Corporation, NWSC), which was used by 68% of the respondents, or spring water, used by 32% of
the respondents [22], while in the dry season, national water was used by 58% of the respondents,
spring water used by 22%, or both NWSC and spring water used by 20% of the respondents.
No significant seasonal variation was found in exposure to bathing water in either adults or children
(p ≥ 0.05, Table 3).

3.3.2. Drinking Water

Drinking water had the second highest exposure in both seasons (Table 3), 60% of children and
adults reported drinking water supplied by NWSC every day during the rainy season [22], compared
to over 70% in the dry season for both adults and children (Table 3). Other sources of drinking water
that were used included rain, bottled, and spring water. Despite no detectable E. coli contamination in
these studies (Table 2), all of the respondents in both seasons [22] still treated their water, either by
boiling or chlorination, before drinking, this is an indication that households do not perceive tap
water as being of good quality for drinking. The treatment of household water in this context will not
affect the calculation of risk by the SaniPath tool, but if the drinking water was of lower quality and
this practice was ignored by the SaniPath tool the risk from this pathway would be overestimated.
Consumption of municipal water every day was probably due to the availability, as households could
easily access public standpipes and water kiosks. No significant seasonal variation was found in
exposure to drinking water (municipal water) for both adults and children (p ≥ 0.05, Table 3).

3.3.3. Street Food

Street food, which includes rolex, kikomando and samosa (Table 4), had a lower exposure in the
rainy season compared to the dry season, 21% of adults and 39% of children consumed street food
more than ten times in a week during the rainy season [22], but this increased to 66% of children and
48% of adults in the dry season (Table 3). In both seasons, the consumption of street food was higher in
children, similar to a study in Mali [44].

Rainy seasons are characterized by an abundance of agricultural produce, hence a wider variety
to choose from unlike the dry season, this could explain why less street food was eaten in a week
in the rainy season. These foods are usually prepared and sold from stands on the street due to
their low prices (0.24 euros for rolex and kikomando, and 0.12 euros for samosa), limited time to
prepare food, changing lifestyles, and accessibility, street foods provide an accessible source of food
and employment to people living in low-income settlements. Apart from the relatively cheap prices
and instant access, street food has also become an essential component in maintaining the nutritional
status of low-income dwellers, as it contributes significantly to the amount of protein and daily energy
for both adults and children [44]. In terms of seasonal variation, this is the first study to explore this.
This seasonal variation in consumption of street food was found to be significant for both children and
adults (p ≤ 0.05, Table 3).

3.3.4. Open Drains

There was also a considerable amount of exposure to open drains in both seasons (Table 3).
Exposure to open drains was highest for children while it reduced for adults in the dry season (Table 3).
In the dry season the proportion of children increased, with 43% of the children coming into contact
with open drains more than ten times in a month, while that of adults slightly reduced to 33% (Table 3).
The lower exposure frequency of children to open drains during the rainy season was possibly due to
the environment being unfavorable for children to play outside, and full drains being perceived as
dangerous, meaning that children spent time indoors during the rainy season. The opposite may be
true in the dry season, leading to a higher frequency of exposure of children in this season. In addition,
all the drains did not have covers and this could also lead to high exposure for children, similar to
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a SaniPath study in Ghana [45]. Although the adults’ exposure to open drains was not found to
be significantly different between seasons (p ≥ 0.05, Table 3), children’s exposure was found to be
significantly different between seasons (p ≤ 0.05, Table 3). As significantly higher amounts of E. coli
were found in samples during the dry season, these findings (Section 3.2.1) may have significant
consequences for children in this community. Previous SaniPath studies have focused on exposure
during the rainy season, therefore the risk from contact with open drains may be underestimated.

3.3.5. Raw Produce

In the rainy season, consumption of raw produce, one to five times a week, in both adults
and children was almost identical at 38% and 39% [22], respectively (Table 3). In the dry season,
the proportion of consumption of produce, one to five times, was 28% for adults and 26% for children.
The weekly consumption of raw produce decreased from the rainy to the dry season (Table 3), but it
should be noted that generally raw produce consumption is lower than the consumption of street food
(Table 3), probably because consumption of raw produce usually happens as part of salads, and in this
particular area, salads are not a major part of the diet, and this explains the low frequency of exposure
to raw produce. The differences in consumption of raw produce could be due to the seasonality
of the produce, with more being available during the rainy season, which leads to cheaper prices.
This seasonal variation in consumption of raw produce was found to be significantly different for both
children and adults (p ≤ 0.05, Table 3).

3.3.6. Public Latrines

Public latrines had one of the least exposures for both adults and children in the dry season.
In the rainy season, 48% of adults and 33% of children reported never using public latrines in a week,
while 21% of adults and 34% of children used them more than ten times in a week (Table 1) [22]. In the
dry season, 67% of children and 62% of adults reported never using public latrines in a week, while
23% of adults and 22% of children reported using the public latrines more than ten times in a week
(Table 3). Generally, the low exposure to public latrines in both seasons was because most respondents
had toilets in their compounds, which they shared with other households, and those who reported
using public latrines, did so when they were out of their community. Toilet ownership is not the
only reason that could prevent people from using public toilets, cleanliness is another major concern.
In a study in slums in Kampala, Uganda, respondents cited lack of cleanliness as a reason for not
using public toilets, this is in addition to the high traffic of users, and the cost for using the public
latrines [46,47]. The exposure to public latrines was higher during the rainy season and this seasonal
variation in exposure was significantly different for both adults and children (p ≤ 0.05, Table 3).

3.3.7. Surface Water

People in this study had the lowest exposure to surface water compared to all other pathways
(Table 3). In the rainy season 80% of children and 86% of adults [22] reported having never come into
contact with surface water in a month (Table 3). During the dry season, 68% of children and 82% of
adults reported having never come into contact with surface water in a month (Table 3). The likely
reason for low exposure to surface water is that Rubaga division has no lakes or rivers, and in addition
the swamps available in the division are mostly seasonal. As expected the seasonal variation in
exposure to surface water (which is seasonal) was found to be significantly different for both children
and adults (p ≤ 0.05, Table 3).

3.3.8. Seasonal Variation in Behavior

Drinking water, which is usually the focus of most seasonality studies, was found to have no
significant difference in terms of behavior in the rainy and dry seasons for both adults and children.
In addition, there was also no change in behavior in the exposure to bathing water, in this case spring
water. For surface water, the difference in exposure is related to the amount in the environment,
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with higher amount in the rainy season. Open drains are the only pathway that had a difference in
seasonality between children and adults, with significant difference found in children’s exposure to
open drains, which is related to the amount of time they spent outside, close to the drains, in both
seasons. The consumption of street food and raw produce was found to have seasonality, this is
interesting because they are some of the neglected pathways when in it comes to water, sanitation,
and hygiene (WASH). In terms of public latrine usage, seasonal variation was found, in this context
seasonal variation is in how they use the outside space. Little seasonal variation was found in WASH
practices, with difference in exposure for children and adults to open drains.

3.4. Risk Profiles and People Plots

Table 5 shows the percentage of adults and children exposed, dose per month, and E scores
(risk) for seven pathways generated by the SaniPath tool. From these pathways, open drains and raw
produce had valid risk profiles for both seasons, street food had valid risk profiles for only the dry
season, while bathing water and drinking water had flawed risk profiles for both seasons.

From Table 5 it appears as if bathing water is a major pathway due to 100% exposure and relatively
high doses per month, but the risk profile for bathing water was flawed. This was because a majority
of respondents in both seasons used municipal piped water (drinking water) (Table 3) for bathing
which had no detectable E. coli contamination in both seasons (Table 2). The SaniPath tool based its
analysis on spring water samples (Table 2) and therefore the risk in terms of dose is overestimated.

Street food risk profiles for the rainy season were not valid, as the SaniPath tool required ten valid
environmental results to generate valid risk profiles, but only six samples for street food were valid for
the rainy season. With a lower sample number, more bias is introduced, meaning the dose calculations
are less accurate.

For drinking water, Table 5 shows that adults and children in both seasons were exposed to some
level of dose, however it is unclear how the doses were calculated because no faecal contamination was
detected in drinking water in either season (Table 2). Additionally, respondents treated their water in
both seasons before consumption. This means that there is an overestimation of risk for this pathway.

This study (dry season) was constrained, as it was replicating the study undertaken in the rainy
season [22]. It was found that in implementing a SaniPath study, a good understanding of how behavior
and contamination are linked is required, to avoid gaining flawed overall results, e.g., the cases of
bathing practices and spring water. Additionally, a high level analysis is required when selecting the
dominant pathways and interpreting the results, e.g., the case of drinking water (Table 5). In addition,
the correct number of samples need to be obtained (10 samples per pathway as recommended by
SaniPath), to avoid having flawed results, for example in the case of street food in the rainy season.
Hence, when implementing a SaniPath study an in-depth understanding of both the tool and context
is required.

3.5. Most Dominant Pathways

From Table 5 it can be seen that E scores range from 0–8.4, a dominant pathway is a pathway with
an E score of ≥10 or 1 log range from the maximum E score [26]. The dominant pathway was only
present during the rainy season (flood water, Table 5), as this study was exploring seasonal variation
in pathways, a pathway was considered dominant if the E score ranged from 5.8–6.8, as 6.8 was the
maximum E score for a pathway which is present in both seasons (open drains, Table 5).

Interestingly it can be seen that the pathways in Table 5 that are traditionally linked to WASH
(drinking water, bathing water, and latrine contact, although it should be noted the pathways had
flawed sampling strategies) have low E scores, and the dominant pathways are not traditionally seen
as WASH pathways. This highlights the importance of exploring beyond traditional WASH pathways,
as they pose the greatest public health risk if contaminated with faecal matter.
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Table 5. Risk profiles generated by the SaniPath tool, showing percentage of adults and children exposed, dose per month (Log10 CFU/Month E. coli), and E, which
represents overall risk [26].

Rainy Season [22] Dry Season

Adults Children Adults Children

Pathway Exposure Dose (Log10
CFU/month) E (Risk) Exposure Dose (Log10

CFU/month) E (Risk) Exposure Dose (Log10
CFU/month) E (Risk) Exposure Dose (Log10

CFU/month) E (Risk)

Open Drains 55% 5.5 5.2 61% 6.9 6.6 58.8% 5.9 5.7 70.3% 6.9 6.8

Street Food * 93% 6.2 * 6.2 98% 5.8 * 5.8 83.9% 6.9 6.8 96.6% 6.5 6.4

Raw Produce 67% 5.6 5.4 60% 5.4 5.2 66.9% 3.4 3.2 69.6% 3 2.8

Bathing Water ** 100% 4.4 ** 4.4 100% 5.2 ** 5.2 100% 5.5 ** 5.5 100% 5.5 ** 5.5

Drinking Water ** 73% 2.1 ** 1.9 78 1.7 ** 1.5 90.7% 2.4 ** 2.3 91.1% 2 ** 1.9

Public/Shared
Latrines ** 53% ** 0.3 0.0 64% ** 0.6 0.4 32.3% ** 0.5 0.0 32.9% ** 0.4 0.0

Flood Water 40% 8.8 8.4 46% 8.8 8.4

* Number of samples required to calculate the risk profiles were less than the recommended. ** Flawed sampling strategy.
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3.5.1. Flood Water

A dominant pathway occurring only in the rainy season was flood water (Table 5). The proportion
of adults and children exposed to it was less compared to the other pathways, but it recorded one of
the highest doses for both adults and children (Table 5). The E scores for both adults and children
were more than 8 (Table 5). Contamination in flood water usually happens as a result of runoff,
whereby the rain water washes all the contaminants into the environment, and re-distributes and
remobilizes sediments, which can contain faecal matter as a result of open defecation or unsafe disposal
of waste [48].

3.5.2. Open Drains

Open drains is dominant only in children in both seasons, but only a dominant pathway for adults
in the dry season (E scores > 5.8, Table 5). The risk profile (people plots) for open drains is depicted in
Figure 2, it can be clearly seen that the risk is higher in the dry season (Table 5) compared to the rainy
season, due to the number of those exposed (supports the findings in Section 3.3.4) and the level of
contamination (supported by the results in Table 3). The people plots show a visual comparison of
exposure across the pathways, seasons, and population (adults or children), and can be used to provide
feedback to communities. In both seasons, the risk was higher in children than in adults, with more
children getting exposed, and to higher doses (Section 3.3.4). The risk from open drains is similar to
a QMRA conducted in Kampala where exposure to open drains contributed to the highest disease
burden (39%) [32]. This is surprising as it is normally assumed that risks are higher in the rainy season
compared to the dry season, which means the risk of children playing in open drains is underestimated
in the dry season.

3.5.3. Street Food

Street food is dominant for both adults and children in both seasons (E scores >5.8, Table 5).
Although it should be noted that, during the rainy season the minimum number of samples were not
collected (Table 2). In addition, it has the highest proportions of both adults and children exposed to it
in both seasons (Table 5). The proportion of children consuming street food was higher than for adults,
but the doses were lower (Table 5). This difference in dose is likely because of the portion of street
food consumed per serving. Adults basically consume a larger portion of food compared to children,
because of the amount of energy they need [44].

3.6. Recommendations

In terms of interventions, the city authorities should focus on sanitation investments that will
tackle exposure to the dominant pathways; street food (dominant in the dry season), open drains
(dominant in both seasons), and flood water (dominant in the rainy season).

For street food, strengthening of policies, formulation of guidelines, and proper enforcement
would greatly reduce the risk posed by street food and ensure its safety [49]. To achieve all these,
it is necessarily to involve all the stakeholders in the street food vending business, such as the street
vendors, consumers, national and local governments, and civil societies. Public education is another
aspect that can be applied in trying to reduce the risk from street food [50]. For all the stakeholders
involved, awareness of the dangers posed by unhygienic handling of street food can be disseminated
to them through the mass media. For the street food vendors, they can be trained in food safety at all
stages of the production chain. While regulation and education are important for street food safety,
not taking into consideration the physical infrastructure might be detrimental to the public health
initiatives. The local governments should come into play by providing adequate infrastructure with
services, for example vending stalls, clean water supply, sanitary facilities, as well as waste disposal
facilities. The provision of sanitary facilities and clean water is crucial when it comes to reducing the
food borne diseases that result from street food consumption [51].
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In terms of reducing risks posed by open drains, the best intervention is that aimed at preventing
direct contact between the population and the contaminated open drain water [52]. This will involve
physical and engineering approaches in the slums. One approach is through the provision of covers
which can be easily removed to facilitate operation and maintenance of the drains [52]. Open drains in
low-income settlements are also used as solid waste disposal sites. The solid waste dumped in them
end up clogging the drains, which reduces their flow capacity. The local government can provide solid
waste disposal facilities in this slum. Another possible solution is through installing solid waste traps
at strategic locations along the open drains. Solid waste traps have been used to collect and remove
solid waste from a flowing drain [53].

The success of these interventions depend on one important element, community engagement [54].
It is important to take into consideration the views of the people the intervention intends to help,
as this may have a negative impact on the interventions.

4. Conclusions

Surprisingly, exposure frequency between the two seasons was significantly different for most of
the pathways (open drains, street food, public latrines, raw produce, and surface water), therefore
it is clear that the behavior of people in this particular low-income community is affected by season.
In terms of contamination of the exposure pathways, there were higher contamination levels detected in
open drains and street food during the dry season. Therefore, there is a probability of underestimation
of these risks in this pathway if SaniPath assessment is only undertaken during the rainy season.
In addition, when implementing a SaniPath study, an in-depth understanding of both the tool and
context is required, as this led to the shortcomings in the original study, some of which were replicated
in this study. This is an important finding for those planning a SaniPath assessment. Even with the
limitations of the results gained, the SaniPath tool was used to assess public health risks as a result
of poor sanitation and to suggest evidence based interventions. What was surprising was that the
dominant pathways identified were all non-traditional WASH pathways e.g., open drains, street food,
and floodwater. The results of this study will contribute to the evidence base that is available to
sanitation policy makers and implementers in low-income and informal urban areas, in the case of this
study, Kampala Capital City Authority (KCCA).

Author Contributions: Conceptualization, P.R. and C.F.; formal analysis, P.R. and C.F.; investigation, P.R.;
methodology, P.R., C.F., F.K. and R.M.; supervision, D.B.; writing–original draft, P.R.; writing–review & editing,
C.F., F.K. and R.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was undertaken while studying for an MSc in Sanitation at IHE Delft, The Netherlands
funded by Bill and Melinda Gates Foundation.

Acknowledgments: The authors would like to thank Makerere University for allowing us to use their laboratory
space for sample processing and analysis, as well as the residents of Rubaga division who welcome us to their
community. Special thanks to Casey Siesel and Habib Yukubu from the SaniPath team at Emory University for
taking time to respond to my many questions about the SaniPath tool.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Urban Population Growth. Available online: http://www.who.int/gho/urban_health/situation_trends/urban_
population_growth_text/en/ (accessed on 22 November 2018).

2. Alirol, E.; Getaz, L.; Stoll, B.; Chappuis, F.; Loutan, L. Urbanisation and infectious diseases in a globalised
world. Lancet Infect. Dis. 2011, 11, 131–141. [CrossRef]

3. UN-Habitat. State of the World’s Cities Report (SWCR) 2006/2007; United Nations Human Settlements
Programme: Nairobi, Kenya, 2006.

4. UN-Habitat. The Challenge of Slums: Global Report on Human Settlements 2003; United Nations Human
Settlements Programme: London, UK, 2003.

http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
http://dx.doi.org/10.1016/S1473-3099(10)70223-1


Int. J. Environ. Res. Public Health 2020, 17, 6355 17 of 19

5. Cohen, B. Urbanization in developing countries: Current trends, future projections, and key challenges for
sustainability. Technol. Soc. 2006, 28, 63–80. [CrossRef]

6. Hawkins, P.; Blackett, I.; Heymans, C. Poor-Inclusive Urban Sanitation: An Overview; Water and Sanitation
Program: Washington, DC, USA, 2013.

7. Robb, K.; Null, C.; Teunis, P.; Yakubu, H.; Armah, G.; Moe, C.L. Assessment of Fecal Exposure Pathways in
Low-Income Urban Neighborhoods in Accra, Ghana: Rationale, Design, Methods, and Key Findings of the
SaniPath Study. Am. J. Trop. Med. Hyg. 2017, 97, 1020–1032. [CrossRef] [PubMed]

8. Campos, L.C.; Ross, P.; Nasir, Z.A.; Taylor, H.; Parkinson, J. Development and application of a methodology
to assess sanitary risks in Maputo, Mozambique. Environ. Urban. 2015, 27. [CrossRef]

9. Labite, H.; Lunani, I.; van der Steen, P.; Vairavamoorthy, K.; Drechsel, P.; Lens, P. Quantitative Microbial
Risk Analysis to evaluate health effects of interventions in the urban water system of Accra, Ghana. J. Water
Health 2010, 8, 417–430. [CrossRef]

10. Stenström, T.A.; Seidu, R.; Ekane, N.; Zurbrügg, C. Microbial Exposure and Health Assessments in Sanitation
Technologies and Systems; Stockholm Environment Institute: Stockholm, Sweden, 2011; ISBN 978-91-86125-36-3.

11. WHO. Quantitative Microbial Risk Assessment: Application for Water Safety Management; WHO: Geneve,
Switzerland, 2016.

12. Daniels, M.E.; Smith, W.A.; Jenkins, M.W. Estimating Cryptosporidium and Giardia disease burdens for
children drinking untreated groundwater in a rural population in India. PLoS Negl. Trop. Dis. 2018, 12,
e0006231. [CrossRef]

13. Kulinkina, A.V.; Mohan, V.R.; Francis, M.R.; Kattula, D.; Sarkar, R.; Plummer, J.D.; Ward, H.; Kang, G.;
Balraj, V.; Naumova, E.N. Seasonality of water quality and diarrheal disease counts in urban and rural
settings in south India. Sci. Rep. 2016, 6, 20521. [CrossRef]

14. Kostyla, C.; Bain, R.; Cronk, R.; Bartram, J. Seasonal variation of fecal contamination in drinking water
sources in developing countries: A systematic review. Sci. Total Environ. 2015, 514, 333–343. [CrossRef]

15. Bhavnani, D.; Goldstick, J.E.; Cevallos, W.; Trueba, G.; Eisenberg, J.N. Impact of rainfall on diarrheal disease
risk associated with unimproved water and sanitation. Am. J. Trop. Med. Hyg. 2014, 90, 705–711. [CrossRef]

16. Bain, R.; Cronk, R.; Wright, J.; Yang, H.; Slaymaker, T.; Bartram, J. Fecal contamination of drinking-water in
low- and middle-income countries: A systematic review and meta-analysis. PLoS Med. 2014, 11, e1001644.
[CrossRef]

17. Kumpel, E.; Cock-Esteb, A.; Duret, M.; de Waal, D.; Khush, R. Seasonal Variation in Drinking and Domestic
Water Sources and Quality in Port Harcourt, Nigeria. Am. J. Trop. Med. Hyg. 2017, 96, 437–445. [CrossRef]
[PubMed]

18. Lwasa, S.; Owens, K. Kampala: Rebuilding Public Sector Legitimacy with a New Approach to Sanitation Services;
World Resource Institute: Washington, DC, USA, 2018.

19. Lars, S.; Niwagaba, C.; Strande, L. SFD Promotion Initiative: Kampala Uganda—Final Report; Eawag/Sandec:
Dubendorf, Switzerland, 2016.

20. MWE. Economic Assessment of the Impacts of Climate Change in Uganda; MWE: Kampala, Uganda, 2015.
21. UBOS. National Population and Housing Census 2014: Census Results; Uganda Bureau of Statistics: Kampala,

Uganda, 2014.
22. CoHS. Unpublished SaniPath Report for the Rainy Season; Makerere School of Public Health: Gainesville, FL,

USA, 2019.
23. SaniPath Manual and Protocols. Available online: https://sites.google.com/view/sanipathwiki (accessed on

13 September 2019).
24. Raj, S.J.; Wang, Y.; Yakubu, H.; Robb, K.; Siesel, C.; Green, J.; Kirby, A.; Mairinger, W.; Michiel, J.; Null, C.;

et al. The SaniPath Exposure Assessment Tool: A quantitative approach for assessing exposure to fecal
contamination through multiple pathways in low resource urban settlements. PLoS ONE 2020, 15, e0234364.
[CrossRef] [PubMed]

25. APHA. Standard Methods for the Examination of Water and Wastewater, 17th ed.; American Public Health
Association: Washington, DC, USA, 1989.

26. SaniPath Rapid Assessment Tool Manual; Emory University: Atlanta, GA, USA, 2014.
27. Bukenya, J. Household perceptions of the quality of drinking water in Uganda. In Proceedings of the Annual

Meeting, Orlando, FL, USA, 5–8 February 2006.
28. MOH. The National Sanitation Policy for Uganda; MOH: Kampala, Uganda, 2000.

http://dx.doi.org/10.1016/j.techsoc.2005.10.005
http://dx.doi.org/10.4269/ajtmh.16-0508
http://www.ncbi.nlm.nih.gov/pubmed/28722599
http://dx.doi.org/10.1177/0956247815595784
http://dx.doi.org/10.2166/wh.2010.021
http://dx.doi.org/10.1371/journal.pntd.0006231
http://dx.doi.org/10.1038/srep20521
http://dx.doi.org/10.1016/j.scitotenv.2015.01.018
http://dx.doi.org/10.4269/ajtmh.13-0371
http://dx.doi.org/10.1371/journal.pmed.1001644
http://dx.doi.org/10.4269/ajtmh.16-0175
http://www.ncbi.nlm.nih.gov/pubmed/27821689
https://sites.google.com/view/sanipathwiki
http://dx.doi.org/10.1371/journal.pone.0234364
http://www.ncbi.nlm.nih.gov/pubmed/32530933


Int. J. Environ. Res. Public Health 2020, 17, 6355 18 of 19

29. Katukiza, A.Y.; Ronteltap, M.; Oleja, A.; Niwagaba, C.B.; Kansiime, F.; Lens, P.N. Selection of sustainable
sanitation technologies for urban slums–A case of Bwaise III in Kampala, Uganda. Sci. Total Environ. 2010,
409, 52–62. [CrossRef] [PubMed]

30. Nakagiri, A.; Kulabako, R.N.; Nyenje, P.M.; Tumuhairwe, J.B.; Niwagaba, C.B.; Kansiime, F. Performance of
pit latrines in urban poor areas: A case of Kampala, Uganda. Habitat Int. 2015, 49, 529–537. [CrossRef]

31. Nyenje, P.M.; Foppen, J.W.; Kulabako, R.; Muwanga, A.; Uhlenbrook, S. Nutrient pollution in shallow
aquifers underlying pit latrines and domestic solid waste dumps in urban slums. J. Environ. Manag. 2013,
122, 15–24. [CrossRef]

32. Katukiza, A.Y.; Ronteltap, M.; van der Steen, P.; Foppen, J.W.; Lens, P.N. Quantification of microbial risks to
human health caused by waterborne viruses and bacteria in an urban slum. J. Appl. Microbiol. 2014, 116,
447–463. [CrossRef]

33. Berendes, D.M.; Kirby, A.E.; Clennon, J.A.; Agbemabiese, C.; Ampofo, J.A.; Armah, G.E.; Baker, K.K.; Liu, P.;
Reese, H.E.; Robb, K.A.; et al. Urban sanitation coverage and environmental fecal contamination: Links
between the household and public environments of Accra, Ghana. PLoS ONE 2018, 13, e0199304. [CrossRef]

34. Ercumen, A.; Pickering, A.J.; Kwong, L.H.; Arnold, B.F.; Parvez, S.M.; Alam, M.; Sen, D.; Islam, S.;
Kullmann, C.; Chase, C.; et al. Animal Feces Contribute to Domestic Fecal Contamination: Evidence from
E. coli Measured in Water, Hands, Food, Flies, and Soil in Bangladesh. Environ. Sci. Technol. 2017, 51,
8725–8734. [CrossRef]

35. Van Elsas, J.D.; Semenov, A.V.; Costa, R.; Trevors, J.T. Survival of Escherichia coli in the environment:
Fundamental and public health aspects. ISME J. 2011, 5, 173–183. [CrossRef]

36. Fujioka, R.; Sian-Denton, C.; Borja, M.; Castro, J.; Morphew, K. Soil: The environmental source of Escherichia
coli and Enterococci in Guam’s streams. J. Appl. Microbiol. Symp. Suppl. 1998. [CrossRef]

37. Tumwebaze, I.K. Prevalence and determinants of the cleanliness of shared toilets in Kampala slums, Uganda.
J. Public Health 2013, 22, 33–39. [CrossRef]

38. Moore, G.; Griffith, C. Problems associated with traditional hygiene swabbing: The need for in-house
standardization. J. Appl. Microbiol. 2007, 103, 1090–1103. [CrossRef] [PubMed]

39. Amoah, P.; Drechsel, P.; Abaidoo, R.C. Irrigated urban vegetable production in Ghana: Sources of pathogen
contamination and health risk elimination. Irrig. Drain. 2005, 54, S49–S61. [CrossRef]

40. Nsubuga, F.B.; Kansiime, F.; Okot-Okumu, J. Pollution of protected springs in relation to high and low
density settlements in Kampala—Uganda. Phys. Chem. Earth Parts A B C 2004, 29, 1153–1159. [CrossRef]

41. Annan, S.T.; Adjibolosoo, S.V.; Adarkwah, F.; Frimpong, B.; Ampofo, J.A.; Santaigo, P.K. Assessment of
Bacteriological Quality of Sources of Drinking Water in some Selected Communities in the Akuapem South
District of the Eastern Region, Ghana. Appl. Ecol. Environ. Sci. 2018, 6, 153–159. [CrossRef]

42. WHO. Guidelines for Drinking-Water Quality; Fourth Edition Incorporating the First Addendum, 4th ed.; World
Health Organization: Geneva, Switzerland, 2017.

43. Rusca, M.; Alda-Vidal, C.; Hordijk, M.; Kral, N. Bathing without water, and other stories of everyday hygiene
practices and risk perception in urban low-income areas: The case of Lilongwe, Malawi. Environ. Urban.
2017, 29, 533–550. [CrossRef]

44. Steyn, N.P.; McHiza, Z.; Hill, J.; Davids, Y.D.; Venter, I.; Hinrichsen, E.; Opperman, M.; Rumbelow, J.; Jacobs, P.
Nutritional contribution of street foods to the diet of people in developing countries: A systematic review.
Public Health Nutr. 2014, 17, 1363–1374. [CrossRef]

45. Gretsch, S.R.; Ampofo, J.A.; Baker, K.K.; Clennon, J.; Null, C.A.; Peprah, D.; Reese, H.; Robb, K.; Teunis, P.;
Wellington, N.; et al. Quantification of exposure to fecal contamination in open drains in four neighborhoods
in Accra, Ghana. J. Water Health 2016, 14, 255–266. [CrossRef]

46. Tumwebaze, I.K.; Lüthi, C. Households’ access and use of water and sanitation facilities in poor urban areas
of Kampala, Uganda. J. Water Sanit. Hyg. Dev. 2013, 3, 96–105. [CrossRef]

47. Tumwebaze, I.K.; Orach, C.G.; Niwagaba, C.; Luthi, C.; Mosler, H.J. Sanitation facilities in Kampala slums,
Uganda: Users’ satisfaction and determinant factors. Int. J. Environ. Health Res. 2013, 23, 191–204. [CrossRef]

48. Funari, E.; Manganelli, M.; Sinisi, L. Impact of climate change on waterborne diseases. Ann. Ist. Super Sanit.
2012, 48, 473–487. [CrossRef] [PubMed]

49. Batréau, Q.; Bonnet, F. Managed Informality: Regulating Street Vendors in Bangkok. City Commun. 2016, 15,
29–43. [CrossRef]

http://dx.doi.org/10.1016/j.scitotenv.2010.09.032
http://www.ncbi.nlm.nih.gov/pubmed/20943256
http://dx.doi.org/10.1016/j.habitatint.2015.07.005
http://dx.doi.org/10.1016/j.jenvman.2013.02.040
http://dx.doi.org/10.1111/jam.12368
http://dx.doi.org/10.1371/journal.pone.0199304
http://dx.doi.org/10.1021/acs.est.7b01710
http://dx.doi.org/10.1038/ismej.2010.80
http://dx.doi.org/10.1111/j.1365-2672.1998.tb05286.x
http://dx.doi.org/10.1007/s10389-013-0590-7
http://dx.doi.org/10.1111/j.1365-2672.2007.03330.x
http://www.ncbi.nlm.nih.gov/pubmed/17897214
http://dx.doi.org/10.1002/ird.185
http://dx.doi.org/10.1016/j.pce.2004.09.001
http://dx.doi.org/10.12691/aees-6-4-6
http://dx.doi.org/10.1177/0956247817700291
http://dx.doi.org/10.1017/S1368980013001158
http://dx.doi.org/10.2166/wh.2015.138
http://dx.doi.org/10.2166/washdev.2013.147
http://dx.doi.org/10.1080/09603123.2012.713095
http://dx.doi.org/10.4415/ANN_12_04_13
http://www.ncbi.nlm.nih.gov/pubmed/23247142
http://dx.doi.org/10.1111/cico.12150


Int. J. Environ. Res. Public Health 2020, 17, 6355 19 of 19

50. Singh, A.K.; Dudeja, P.; Kaushal, N.; Mukherji, S. Impact of health education intervention on food safety and
hygiene of street vendors: A pilot study. Med. J. Armed Forces India 2016, 72, 265–269. [CrossRef] [PubMed]

51. Von Holy, A.; Makhoane, F.M. Improving street food vending in South Africa: Achievements and lessons
learned. Int. J. Food Microbiol. 2006, 111, 89–92. [CrossRef] [PubMed]

52. Armitage, N.; Beauclair, R.; Ashipala, N.; Spiege, A. Draining the Shantytowns; Lessons from Kosovo Informal
Settlement; University of Cape Town: Cape Town, South Africa, 2010.

53. McFarlane, C.; Desai, R.; Graham, S. Informal Urban Sanitation: Everyday Life, Poverty, and Comparison.
Annal. Assoc. Am. Geogr. 2014, 104, 989–1011. [CrossRef]

54. Head, B.W. Community Engagement: Participation on Whose Terms? Aust. J. Polit. Sci. 2007, 42, 441–454.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.mjafi.2016.02.008
http://www.ncbi.nlm.nih.gov/pubmed/27546967
http://dx.doi.org/10.1016/j.ijfoodmicro.2006.06.012
http://www.ncbi.nlm.nih.gov/pubmed/16857283
http://dx.doi.org/10.1080/00045608.2014.923718
http://dx.doi.org/10.1080/10361140701513570
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Location 
	Data Collection 
	Risk Analysis 
	Statistical Methods 
	Ethical Approval 

	Results and Discussion 
	Household, Water, Sanitation, and Hygiene Characteristics 
	Environmental Contamination 
	Open Drains 
	Soil 
	Compound Latrines 
	Raw Produce 
	Bathing Water (Spring Water) 
	Drinking Water 
	Street Food 

	Behaviour Frequency 
	Bathing Water 
	Drinking Water 
	Street Food 
	Open Drains 
	Raw Produce 
	Public Latrines 
	Surface Water 
	Seasonal Variation in Behavior 

	Risk Profiles and People Plots 
	Most Dominant Pathways 
	Flood Water 
	Open Drains 
	Street Food 

	Recommendations 

	Conclusions 
	References

