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Abstract | Leptospirosis is a neglected zoonosis and an emerging urban slum health problem. There is a scar-
city of population-based information on the distribution of the infection and transmission determinants for
urban Leptospirosis in developing countries. This study aims to source dynamic ecological and epidemiolog-
ical field parameters to describe a slum household-based pathogenic Leprospira population dynamics simula-
tion model. The model will be analyzed to assess the role of slum-based biotic (human and animal) and abiotic
(soil, water and weather) habitats in Leprospira propagation. Influential habitats would serve as key targets for
interventions. To achieve this aim, we have designed a pseudo-longitudinal survey to be undertaken for two
years in Kibera slums in Nairobi city Kenya. Human and animal blood and urine samples will be collected at
the household level whereas soil and water samples will be collected at the community level. Attempts will be
made to isolate Leprospira bacteria from urine, soil and water samples. Antibody detection in animal and human
serum samples will utilize Microscopic Agglutination Test (IMAT). Study outcomes will include (i) geo-ref-
erencing of adverse environmental attributes that support Leptospira growth, (ii) animal and human seasonal
public health burden of Leptospirosis, (iii) seasonal variation in the distribution of Leptospira determinants in
a slum setting, and (iv) a simulation model based on an ecological metapopulation framework to track Lep-
tospira bacterial population dynamics in biotic and abiotic habitats in a slum setting. This is the first study in
Kenya to describe the role of temporal dynamics of multihost community and adverse environmental attrib-
utes in Leprospira propagation in a slum setting. The study is strengthened by the pseudo-longitudinal design
whose findings are expected to inform public health decision-making. Going forward, it will be possible to pa-

rameterize complex realistic Lepzospira transmission models for understanding urban Leptospirosis dynamics.
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Introduction teria of the genus Leptospira (Bharti et al., 2013). The
bacteria are found in a wide range of animal reservoir

Leptospirosis is an emerging neglected zoonosis hosts including rats and other peri-domestic rodents,
caused by infection with different serovars of bac-  livestock and domestic pets worldwide (Hartskeer! et
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al., 2011). Humans and animals acquire the infection
through direct contact with affected animals or indi-
rectly through certain environmental indices (food,
water and/or soil) contaminated by animal urine as
pathogenic leptospires live in the kidneys of their
natural hosts (de Vries et al., 2014). The introduction
and persistence of the bacteria in an environment
are highly dependent on a set of interacting dynam-
ic variables — increased rainfall that leads to gener-
alized damp conditions, animal ecology, socio-ecol-
ogy, socio-economic, and environmental sanitation
(Reis et al., 2008; Lau et al., 2010). Human infection
is characterized by a non-specific clinical syndrome
that ranges from mild or asymptomatic febrile infec-
tions to severe, life-threatening illnesses (de Vries et
al., 2014). As a neglected infectious disease, the actu-
al global burden of Leptospirosis is unknown though
estimates are becoming available (Costa et al., 2015).
Globally, 1.03 million cases (95% confidence inter-
val 434,000-1,750,000) and 58,900 deaths (95% CI
23,800-95,900) due to leptospirosis were estimated
(Costa et al., 2015). The Global Burden of Disease
(GBD) and World Health Organization (WHO) re-
gions that had the highest estimates of leptospirosis
morbidity and mortality included East Sub-Saharan
Africa (where Kenya is located) among other regions
(Costa et al., 2015). Previously, the global burden had
been hypothesized to be similar to that of dengue fe-
ver (Hartskeerl et al., 2011) whose global Disability
Adjusted Life Years (DALYs) lost has been estimated
at 700,000 per year (Hotez et al., 2009).

System dynamics modelling, implemented in a math-
ematical framework, allows for the conceptualization,
understanding and communication of the behaviour
and processes of a particular system. In a disease sys-
tem context, mathematical models are critical as they
can greatly advance the understanding of pathogen
transmission ecology (Rudge et al., 2013) and subse-
quently support the decision-making process through
public health policy in its control (Lee et al., 2010). In
particular, models can be used predictively by taking
into account the known behaviour and attempt to de-
termine the future behaviour (Githeko et al., 2001).
More importantly, models can be used experimentally
to test, in a rapid manner, a wide range of preventative
and control strategies and outbreak scenarios without
any of the risks associated with testing during a real
outbreak (Gachohi et al., 2016). A major challenge in
the evaluation of the burden of zoonoses, including
leptospirosis, is the lack of models and their param-

eters that may enable the understanding about the
disease ecology (Lloyd-Smith et al., 2009). Current
leptospirosis models involve aspects of the spread of
the infection in Thailand (Triampo et al., 2007), the
infection dynamics of rodents in Tanzania to deter-
mine risk in humans (Holt et al., 2006) and responses
to some environmental drivers (Codeco et al., 2008).
'This concern provides the motivation for the current
project.

This project aims to bridge this gap by developing a
slum household-based Lepzospira population dynam-
ics model in a metapopulation framework accounting
for biotic and abiotic environments in a slum settle-
ment in Kenya. The project concentrates on a slum
settlement as a study area for two reasons. Firstly,
leptospirosis is an emerging urban health problem in
slum settlements worldwide (Reis et al., 2008). Al-
though, the term “sfum” is applied to a great variety of
settlement types, the United Nations (UN) describes a
slum household as a group of individuals living under
the same roof where the following are either absent
or deficient: access to safe water, access to sanitation
infrastructure, satisfactory structural quality of hous-
ing and house space (UN-Habitat, 2003). In South
America, and Brazil in particular, emerging evidence
on the risk factors of Leprospira infection include these
slum conditions in addition to favourable climatic,
environmental and socio-economic factors. The latter
include seasonal heavy rainfall and residence in atten-
dant flood-risk sites with open sewers and proximity
to accumulated refuse and presence of rodents (Sarkar
et al., 2002; Maciel et al., 2008; Reis et al., 2008). The
Kenyan slums are particularly characterized by sea-
sonal flooding due to poor drainage systems in cities.
Secondly, a recent cross-sectional survey of Leprospira
infection in rodents in the Kibera slum settlement in
Nairobi, Kenya, reported a high prevalence (18%) of
pathogenic leptospires in rodents and frequent con-
tact between humans and the rodents (Halliday et al.,
2013). These observations point to possible increased
risk of the infection among slum dwellers in Kenya.

In order to fully describe the model, we are conduct-
ing four seasonally repeated cross-sectional surveys to
source field ecological and epidemiological parame-
ters in the Kibera slum settlement in Nairobi city in
Kenya. Although the burden of leptospirosis is not
known in the area, previous studies in Egypt and Tan-
zania have reported that the infection can account for
a considerable proportion of febrile illnesses (Ismail
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et al., 2006; Biggs et al., 2011). In the Kibera slums,
acute febrile illness is frequently reported with an av-
erage of 2.7 occurrences per person per year for chil-
dren less than 5 years of age and 0.58 occurrences for

persons older than 5 years of age based on household
visit data (Feikin et al., 2011).

'The ultimate goal of this study is to empower the ur-
ban slum people through mitigated adverse public
health burdens arising from leptospirosis. The spe-
cific objectives include 1) to identify and character-
ize seasonal Leprospira bacterial putative exposure in
high frequency animal-human contact sites in slum
household environments, 2) to determine seasonal
public health burden of leptospirosis in both slum
livestock and dwellers, 3) to determine the effects
of water, sanitation and hygiene and socioeconomic
and behavioural characteristics of the slum dwellers
on Leptospira bacterial transmission in humans, and
4) to develop and analyze Leprospira regression and
population dynamics simulation models in a slum
household setting and apply them as tools to generate
policy-relevant inference in support of informed de-
cision-making of targeting resources by (i) assessing
the contribution that biotic and abiotic slum-based
habitats play in the observed Leprospira bacteria dy-
namics, (ii) identify vulnerable slum-based habitats to
focus interventions to effectively reduce the Lepzos-
pira bacterial loads and (iii) assessing effectiveness of
relative impacts of preventative and control strategies
targeting these habitats.

Materials and Methods

Study Site

Kibera slum is situated on a 2.5 square kilometres and
is approximately five kilometres away from the Nai-
robi city centre. The slum is a densely populated with
over 800,000 inhabitants. There are more than 30,000
house structures in Kibera slums which are mud-
walled and thatched with corrugated iron sheets. A
household in the slums comprises of five to seven
members on average. The study site is an area in the
slum where a previous study on Leptospira infection in
rodents was conducted (Halliday et al., 2013) (Figure
1).'The site has an area of approximately 0.38km? with
a human population density of approximately 77,000
persons/km? (Feikin et al., 2011). The site experiences
long rains between March and May and short rains
between October and November. The site is charac-
terized by poor quality housing, poor sanitation, and

limited access to clean water (Halliday et al., 2013).
The site constitutes the Soweto administrative area

(Halliday et al., 2013).

Study Design

Four repeated seasonally-based cross-sectional surveys
(pseudo-longitudinal study) will be carried out, i.e. at
the end of selected and specific (prolonged) dry and
wet seasons for two years. In a calendar year, this will
coincide with March, June, September and December.

Zone A

Zone B Zone C

0 Meters

Figure 1: Map of the Kibera study for Leptospira infection in ro-
dents (Halliday et al., 2013) and to be used for the proposed project.
Small grey filled polygons indicate individual buildings / structure
within the study site. Thick Grey boxes illustrate the location of the
rodent trapping grids where Leptospira spp. were isolated. The scale
and orientation of the figure is indicated (bottom left). Source: Hal-
liday et al. (2013)

Sample Size

'This will be a community-based survey whose sam-
pling unit will be a plot. During a reconnaissance visit
by the research team in May 2016, it was established
that the study area is divided into four zones labelled
A, B, C and D (Figure 1). Each zone has numerous
plots. A plot is a cluster of 5-20 households owned
by a landlord who collects rent from the households.
Zone A will be excluded from the survey as it has
already undergone substantial slum upgrading to con-
stitute high rise residential buildings that do not fit
the category of a slum. Zone B has 1050 plots, Zone
C has 699 plots and Zone D has 990 plots. Assum-
ing a mean average of 10 households per plot, the
number of households in the study site is estimated
to be 27,390 and approximately 136,950 dwellers. We
use the following formula to calculate the number of

households for sampling (Cochran, 1963):

. P(1—-p)
e!

n =196

Where;
n is the sample size, 1.96 is the z value for the de-
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sired confidence level (95%), p is an estimate of the
probable prevalence of Leptospira antibodies, and ¢ is
the level of precision (tolerable error) (distance of the
sample estimate in either direction from the true pop-
ulation proportion considered acceptable). The overall
prevalence of Leptospira antibodies in a slum setting
in Brazil was 15.4% (Reis et al., 2008) and we use the
latter to calculate the human sample size. A 5% toler-
able error is assumed. This gives a sample size of 201
households. For livestock sample size, the overall na-
tional prevalence of Leptospira antibodies in livestock
was 16% in Kenya (Wanyangu et al., 1993). Assuming
a 5% tolerable error, this gives a sample size of 207 an-
imals. To harmonize the sample sizes, we will sample
210 households and 210 animals. Therefore, approxi-
mately a total of 21 plots will be sampled.

Sampling

'The 21 plots will be proportionately allocated to the
three zones as follows: the sample size of each zone
will be proportionate to the plots population size of
the zone. Zonal plot sample sizes are determined by
the following equation:

Where;

n, is the sample size for a zone 7, IV, is the plot popu-
lation size for zone i, IV is total number of plots in the
study site, and 7 is the calculated sample size.

'Thus 9 plots, 6 plots and 8 plots will be respectively
sampled in zones B, C and D. To obtain the plots for
each zone, a map of a zone will be constructed and
the center identified. Four transects corresponding
to the four directional cardinal points will generated.
One transect out of the four will be randomly select-
ed. The first plot falling on the path will become the
first randomly selected plot. Subsequently, the select-
ed path will be used for systematic random sampling
of plots. A transect will be assumed to have a quarter
of the total number of plots in a zone. To compute
the skipping interval, the total number of plots in a
zone will be divided by four and the figure obtained
divided by the sample size of plots in that zone. The
skipping interval in each zone is computed and illus-
trated in Table 1. Cluster sampling of households, i.e.
all households within each selected plot will be in-
cluded in the sample. This exercise will be undertak-
en until the respective sample size of households and

animals in a given zone is accomplished. This task will
be implemented during each of the four repeated sea-
sonally-based cross sectional surveys.

Table 1: S&i])])ing interval computed ﬁ’Oi’ﬂ approximate
number of Pplots per zone, approximate number ofj)/m‘s
per transect and zonal plot sample sizes

Zone Approx- | Approx- | Zonal plot | Zonal
imate imate sample skipping
number of | number of | size interval
plots per | plots per
zone transect

B 1050 263 33

C 699 175 21

D 990 248 30

Animals reared in the area include pigs and goats and
sheep to a lesser extent. Household owned dogs are
plentiful. This study will sample pigs and dogs owing
to their roaming nature in the slums in search of food
and, therefore, could be potential sources of introduc-
ing and spreading Leptospira bacteria in the environ-
ment. The 210 animal samples will be shared in a ratio
of 1:1 between the two species.

The specific research activities under each objective
are listed below:

Objective 1

To identify and characterize seasonal Leprospira bac-
terial putative exposure in high frequency animal-hu-
man contact sites in slum household environments.

Rationale: Inadequate sanitation infrastructure in
slum informal settlements has been reported as key
environmental sources of Leprospira transmission.

Tasks under this objective: 1) Select 210 households
tor human sampling and 210 animals of the follow-
ing species—pigs and or dogs from previously selected
households or additional households. Geospatially
and ecologically characterize households owning a
pig and or a dog. 2) Spatial proximity of the identified
households to specific adverse environmental expo-
sures will be undertaken. The exposures will include
open sewers, accumulated refuse and garbage sites. We
intend to use simple straight line/Euclidean distances
to estimate proximity to the environmental exposures.

Objective 2
To determine seasonal public health burden of lepto-
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spirosis in slum dwellers and animals.

Rationale: Identification of prevention and control
measures of urban leptospirosis has been hindered by
the scarcity of population-based evidence on Lepzos-
pira transmission determinants. This objective is de-
signed to estimate seasonally-based seroprevalence of
Leptospira antibodies in humans and animals in the
urban slum setting.

Tasks under this objective: 1) The field team accom-
plishing this objective will be a veterinarian, an animal
health technician, a medical laboratory technician and
a local community health worker. 2) From the iden-
tified households, the household head will be con-
sented and a blood sample collected from a randomly
selected individual in the household. The individual
will be picked randomly from among those present
in the home at the time of sampling upon consent.
Similarly, either a pig or a dog will be picked ran-
domly from among livestock and pets present in the
home at the time of sampling. 3) From the randomly
identified human and animal, the field team will ob-
tain a blood sample. In each cross-sectional survey, we
intend to, therefore, collect 210 human blood samples
and 210 animal blood samples. The blood samples
will be processed for serum preparation. In addition,
we intend to collect urine from humans and animals
in a household that presents the following — occur-
rence of a clinical description in humans consistent
with the WHO case definition of Leptospirosis in the
preceding 3 months to the field study to a maximum
of 20 samples each for human and animals. In case we
will miss a household with a clinical description, we
will sample every tenth household to give an arbitrary
sample size of 25 per season. For 4 seasons, we will
collect 100 human and 100 animal urine samples.

Serology: Microscopic Agglutination Test (MAT)
serological testing of previous exposure will be carried
out. A panel of five reference strains (WHO Collab-
orative Laboratory for Leptospirosis, Royal Tropical
Institute, Holland) will be used. These will include L.
interrogans serovars Autumnalis, Canicola and Co-
penhageni, L. borgspetersenii serovar Ballum, and L.
kirschneri serovar Grippotyphosa. Previous Leptospira
sequence studies in the selected study site identified L.
interrogans and L. kirschneri in the rodent population
(Halliday et al., 2013). Screening will be performed
with serum dilutions of 1:25, 1:50 and 1:100. When
agglutination is observed at a dilution of 1:100, the

sample will be titrated to determine the highest titer.

Leptospira isolation from urine: Human and ani-
mal urine samples will be passed through sterile mi-
cro-pore size membrane filter. Five to 10 drops of the
samples will be inoculated into the modified semisolid
Ellinghausen McCullough Johnson Harris (EMJH)
medium. The media will be incorporated with 5-fluo-
rouracil (5-FU) to minimize bacterial contamination.
'The enrichment cultures will be incubated aerobically
at room temperature for 30 days and examined for
the presence of Leptospira by dark-field microscope.
If the bacteria are not detectable after 30 days of in-
cubation, the sample will be considered to be neg-
ative. Presence of at least four Leptospira present in
a microscopic field is considered as a positive result.
'The pathogenic leptospires will be differentiated from
saprophytic (free-living) leptospires by 8-Azaguanine
Inhibition Test. The leptospiral isolates together with
reference controls for pathogenic and saprophytic (L.
patoc) will be maintained in liquid media containing
225pg/ml concentration of 8-Azaguanine. The cul-
tures will be incubated at 30°C and observed under
dark-field microscope for growth rate by comparing
them to the controls made up of the same media but
without 8-azaguanine. Pathogenic leptospires are not
expected to grow in 8-azaguanine media compared
to saprophytic leptospires which are resistant to the
compound.

Objective 3

To determine the effects of water, sanitation and hy-
giene and socioeconomic and behavioural characteris-
tics of the slum dwellers on Leprospira bacterial trans-
mission in humans.

Rationale: Certain societal infrastructures link with
certain individual socioeconomic and behavioural de-
terminants in slum settlements to become key envi-
ronmental sources of Leptospira transmission.

Tasks under this objective: 1) The field team accom-
plishing this objective will be two research assistants.
2) Geo-codify data on flooding, sewerage systems,
accumulated refuse and garbage sites near selected
households. 3) A reconnaissance visit to Kibera by the
study team identified water tanks, tap water and rain-
water as the major water sources in Kibera. For this
reason, we will sample openly draining sewer water
and pools from 25 sites close to households reporting
occurrence of a clinical description in humans con-
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sistent with the WHO case definition of Leptospiro-
sis in the preceding 3 months to the study. In case we
will miss a clinical description, we will sample every
tenth household to give an arbitrary sample size of 25
per season. For 4 seasons, we will collect 100 water
samples. 4) Soil samples will be collected from damp
sites inside (7 = 10) or the immediate outside (7 = 10)
and in footwear (n = 5) of households reporting oc-
currence of a clinical description in humans consist-
ent with the WHO case definition of Leptospirosis in
the preceding 3 months to the study. In case we will
miss a clinical description, we will sample every tenth
household. An additional 25 sites will include fre-
quented social places in the community such as school
play fields, class rooms, churches, social halls, eating
places ezc. For 4 seasons, we will collect 200 samples.

Leptospira isolation in soil and water samples: a)
Wiater samples will be processed similar to urine sam-
ples. b) The soil samples will be passed through sterile
micro-pore size membrane filter. Soil samples will be
placed in a sterile 50 ml falcon tubes and soaked in
Leptospire-free distilled water and mixed by vigorous
shaking. Upon settling for 5 to 7 minutes, the samples
will be filtered using 0.22-pum membranes in a similar
fashion as water and urine samples. ¢) Isolation will
follow the same protocol as for urine samples

Household survey: A standardized questionnaire will
be administered at the household level to obtain in-
formation on demographic and socioeconomic indi-
cators. This will include employment and occupation.
In addition, we will seek information on exposures to
sources of water, sanitation and hygiene including ac-
cess to piped water, reported sightings of rats, rearing
of chickens and presence of uncollected garbage or

flooding around the household.

Collection of seasonal weather data: Collect weather
datafrom Kenyan meteorological departmentin regard
to rainfall following each of the cross-sectional surveys.

Objective 4
To develop and analyze Leprospira regression and
population dynamics simulation models in a slum

household.

Rationale: The multihost ecology of zoonoses, such as
Leptospirosis, leads to complex dynamics. Analytical
tools, such as mathematical modeling can be useful
for advancing ecological understanding of multihost

ecology of zoonoses, development of effective control
policies and research agenda.

AL

TN/
S Y
Z

Figure 2: 4 diagrammatic illustration of a meta-population consist-
ing of sub-populations (grey circles) interconnected by immigration
(black arrows). Source: Hanski and Gilpin (1997)

Tasks under this objective: 1) Build regression mod-
els to identify the determinants for infection in the
urban slum setting. The models will explore the rela-
tionship between the presence of Leptospira antibod-
ies identified in humans and animals and attributes of
water, sanitation and hygiene and indicators of socio-
economic status. 2) Develop a system dynamics model
based on an ecological metapopulation framework to
track Leptospira population dynamics inside the slum
dwellers and livestock and in the slum environment.
3) Established methods will be followed based on an
ecological metapopulation framework (Hanski and
Gilpin, 1997). A metapopulation is defined in ecolo-
gy as a population of subpopulations interconnected
by immigration (Hanski and Gilpin, 1997) as shown
in Figure 2. a) Metapopulation biology is concerned
with the dynamic consequences of migration among
local populations and the conditions of persistence
in each subpopulation. This framework will allow for
the study of Leptospira bacterial populations capa-
ble of moving between spatially segregated habitats
including livestock, humans, water and the physical
environment. The framework is illustrated in Figure
3. b) Model description: A system of coupled ordi-

nary differential equations will be parameterized to
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represent population dynamics for Leptospira bacteria
while allowing for transfer between habitats. These
parameters will include the rate of movement be-
tween habitat 7 and habitat ;. If Leptospira growth in
a habitat is assumed, as for example in livestock and
humans, an additional intra-habitat growth rate will
be included. Others include non—density dependent
mortality (population-level decay) and density-de-
pendent mortality through, for example, a logistic
function dependent on the habitat’s carrying capacity.
All habitats receive the bacteria from and contami-
nate all other states. An exception is rodents, livestock
and dogs that are assumed not to acquire the bacteria
from humans (NB: Rodent data will be sourced from
the literature). Rainfall data will be used as a forcing
function that influences bacterial growth in the envi-
ronment.

RODENTS
LIVESTOCK
& DOGS

SURFACE
WATER

Figure 3: 4 diagrammatic illustration of Leptospira transfer be-
tween meta-population. The circles represent habitats where Lepto-
spira can reside. Arrows represent migration rates between habitats
with flow from habitat i to habitat j represented by m.. The large ar-
rows indicate density-dependent exponential growth of bacteria with-

in each habitat. NB: Rodent data will be sourced from the literature

Data Management

All data will be gathered via an electronic data gather-
ing system using Open Data Kit (ODK) on handheld
tablets. Each visited household will have a unique
identifying study code. In this manner, samples and
documents will not bear any information that may
identify the household or study participants. Elec-
tronic data entry tablets will be password protected
and will be accessible only by authorized users. Pa-
pers will be used in the event of technical difficulties
which, currently, are unforeseen. A central database
is being developed to ensure secure and confidential
data management.

Ethical Approval and Ethical Considerations

Ethical approval for this study has been obtained
from the Kenyatta University’s Ethical Review Com-
mittee (KUERC) (KU/R/COMM/51/797). Written
informed consent will be sought from study partici-
pants at the time of recruitment for both participa-
tion as well as storage and future use of human, vet-
erinary and environmental samples. The consent will
be sought from study participants following provision
of information on the purpose, methods, risks and
benefits of the study so as to make a voluntary and
un-coerced decision on whether to participate. The
probability of harm or injury (physical and/or psycho-
logical) occurring as a result of participation in the
study will be negligent as the risk will not be greater
than that attached to routine medical practice. Partic-
ipants will be assured that in all forms of dissemina-
tion, they will not be identified by name, household,
administrative area or any other identifier. The study
participants will be assured that all information gen-
erated in this study will remain confidential. The right
to service of study participants will be considered, i.e.
if at any point during household visits the study team
encounters a case that needs urgent medical attention,
the study team will advise on the appropriate hospital
that can attend to the case.

Discussion

We have described a repeated cross-sectional (pseu-
do-longitudinal) study intended to obtain data nec-
essary for parameterizing a model that tracks the
movement of pathogenic Leprospira bacteria between
humans, animals and the physical environment in a
slum setting. Repeated cross-sectional data consist of
observations on individual survey samples selected
from the same context at different time-points and
can, therefore, be assumed as clustered within time-
points (Firebaugh, 1997). This study will intensively
obtain an estimated seasonally-based 840 human sera
samples, 840 animal sera samples, 100 human urine
samples, 100 animal urine samples, 100 water sam-
ples and 200 soil samples from the slum households
and community within two years. We aim not only to
estimate the seasonal-based prevalence of Leptospira
antibodies in humans and animals but also isolating
circulating Leptospira in the Kibera slums from the
biotic (human and animal urine) and abiotic (soil and
water) samples. Samples, data and findings from this
work are hoped to be a valuable resource to local and
international medical and public health communities
in advancing the ecological understanding of distri-
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bution of the zoonosis and their determinants in a
slum setting.

Study Strengths

Accurate burden and occurrence of urban Lepto-
spirosis is difficult to characterize in a one snapshot
study. This is because of the dynamic and complex
multihost ecology-environment nexus of the infec-
tion (Gaynor et al., 2007; Kawaguchi et al., 2008).
In this manner, the most important strength of this
study is the repeated cross-sectional nature of the
study. This design will be used to determine tempo-
ral variation in the distribution of determinants of
the disease and changes in exposure frequency in the
slum setting. The data derived from these surveys will
be appropriate to examine for dynamic associations
between disease occurrence and the determinants to
generate hypotheses. By determining these dynam-
ic associations, the findings are expected to inform
public health decision-making, such as when to focus
surveillance and prevention for disease outbreaks. An
additional strength of this study is the bacterial pop-
ulation dynamics modelling that integrates a broader
set of Leptospira life history in humans, animals and
the environment. Integration with the social scientific
discipline is noted to add to the strengths of the study.
'The study will contribute immensely to the emerg-
ing ‘One Health’ideology which integrates preventive
disease research from the fields of human medicine,
veterinary medicine, sociology and environmental sci-
ence in Africa.

Limitations

Our research design does not permit the investigation
of changes in the same individual over time. Statis-
tically, in repeated cross-sectional analyses, standard
errors are large whenever large variations between
households (not necessarily the same households in
each survey) exist, and the power to detect statistically
significant differences in the estimates can be weak-
ened. However, this disadvantage is overcome by the
fact that repeated cross-sectional surveys tend to give
more precise estimates of prevalence and, therefore,
more precise estimates of change over time. This is
because they generally have larger sample sizes. Yet,
attempts will be made to build strong rapport be-
tween the study team and study participants in order
to sample the same households in subsequent surveys
as much as possible. In this manner, we will have a
proportion of observations that are measured on the
same households. Consequently, it will be possible to

tfocus on changes occurring within households and
make population inferences that are not as sensitive
to between household variations.
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